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EDITORIALhttps://doi.org/10.1590/1516-3180.2024.1426.13062024

Challenges and perspectives in preventing and treating obesity
Denis PajeckiI, Paulo Manuel Pêgo FernandesII

Hospital das Clínicas, Faculdade de Medicina, Universidade de São Paulo, São Paulo, Brazil.

The American Medical Association recognized obesity as a chronic disease in 2013, followed by 
the World Health Organization. At that time, the global incidence and prevalence of obesity had 
already been progressively increasing for at least three decades. This scenario has not changed; 
recent data estimate that 1 billion people worldwide will be obese by 2030. The Brazilian Institute 
of Geography and Statistics has reported that 25% of the adult Brazilian population lives with 
the disease, a percentage that has quadrupled in children and adolescents since the 1990s.1

The etiology of obesity is mostly related to a combination of genetic and environmental fac-
tors, such as diet and lifestyle that influence people at different levels, resulting in heterogeneous 
presentations. Genome-wide association studies have identified hundreds of single nucleotide 
polymorphisms associated with body mass index (BMI), fat distribution, body composition, and 
other phenotypic differences. The pathophysiology of obesity involves dysfunctional energy bal-
ance, which is regulated by several complex metabolic pathways that interfere with appetite con-
trol and energy expenditure, leading to body fat accumulation. Metabolic adaptation phenom-
ena such as increased orexigenic hormone secretion and decreased energy expenditure justify a 
tendency to regain weight when treatment is interrupted.2

However, both the general population and health professionals continue to view the disease 
as a behavioral disorder. This bias, or stigma, affects the search for and prescription of treatment 
blurs the distinction between prevention and treatment, and hinders investment in public poli-
cies aimed at disease control. Consequently, the incidence of severe obesity—defined by a higher 
BMI or the presence of comorbidities—rises exponentially, resulting in higher mortality rates 
from cardiovascular disease and cancer in affected people, deterioration in quality of life, and 
greater healthcare costs. Recent data indicate that the Brazilian Unified Health System has annual 
direct costs of BRL 1.5 billion and indirect costs, related to treating associated comorbidities, of 
up to BRL 190 billion. In the supplementary health sector, direct and indirect spending on obe-
sity will account for an estimated 46% of claims by 2030.3

Improving eating habits and lifestyle forms the basis of prevention and public policies to con-
trol obesity. Recent taxation of sugary beverages under the Selective Tax (PEC 45/2019) represents 
significant progress; however, excluding ultra-processed foods from the proposal was a missed 
opportunity. For decades, the United States has attempted to change the habits of children and 
adolescents through tax policies and projects to reduce the incidence of obesity, without success.4

However, the belief that diet and physical activity are the most effective treatment measures 
still prevails. Although these measures are necessary and may be sufficient for a few patients, 
especially those with milder disease, they have poor mean long-term effectiveness in patients 
with established and more severe disease. More than a weight loss method, patients with obesity 
require long-term strategies to maintain treatment results.2

Thus, medications acting on different aspects of appetite may be necessary. In the past, obe-
sity was treated with nonselective anorectic medications that had many adverse effects, rein-
forcing the stigma associated with the disease and its treatment. Modern medications are more 
selective and have a good safety profile, opening new perspectives for long-term disease control. 
These medications include glucagon-like peptide-1 agonists and their combination with other 
gastrointestinal hormone agonists, which have shown mean weight losses of more than 15% in 
controlled studies, delivering unprecedented results. Evidence that effective obesity treatment 
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with these medications leads to fewer cardiovascular events and 
better control of other comorbidities has encouraged physicians 
from several specialties to prescribe this type of treatment to their 
patients. Facilitating access to these medications remains challeng-
ing due to their high cost; encouraging patients to engage in pro-
longed treatment associated with lifestyle changes is as challenging.5

Treatment with bariatric and metabolic surgery is reserved for 
severe forms of obesity. Historically, the concept of severe obesity was 
closely related to a patient’s BMI, with a basis for surgical indication 
criteria established more than three decades ago (i.e., BMI above 40 
kg/m2 or above 35 kg/m2 with comorbidities). More recently, sever-
ity scoring systems such as the Edmonton Obesity Scoring System 
have shown that the presence and severity of comorbidities are more 
sensitive factors for predicting cardiovascular risk and mortality. In 
this context, surgery may be indicated for patients with a BMI of 
between 30 and 35 kg/m2 with poorly controlled comorbidities.2

Over the last 30 years, the field of surgical treatment has pro-
gressed considerably with the advent of minimally invasive access 
(i.e., laparoscopic surgery) and improved treatment safety. Surgical 
morbidity and mortality have significantly reduced and are now com-
parable to common surgical procedures such as hysterectomy, hernia 
correction, or orthopedic procedures. Controlled and observational 
studies involving thousands of patients have demonstrated the long-
term effectiveness of the treatment, with 1-year weight loss of 30% 
to 40% and long-term weight loss of 20% to 30% reported, depend-
ing on the technique used. These studies have reported the control of 
comorbidities such as type 2 diabetes and high blood pressure, with 
operated patients presenting an increased life expectancy of 6 years.2

However, patient referrals for surgery by physicians from other 
disciplines remain low, with most patients seeking treatment on 
their own and often struggling with difficult access, especially in 
the Brazilian Unified Health System.3 The stigma surrounding 
surgery is high, with this treatment often viewed as futile or as 
representing patient failure.4 Therapeutic options for controlling 
obesity have progressed in several fields. However, understanding 
that treatments do not compete, but rather that their incorpora-
tion into a treatment strategy depends on the individual condition 
of each patient, is vital. Surgical treatment associated with mul-
tidisciplinary care is a safe and effective option for more severely 
obese patients and should be used when other alternatives fail.5
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Postorotracheal intubation dysphagia in patients with 
COVID-19: A retrospective study
Mariana SaconatoI, Jean Henri Maselli-SchoueriII, Ceila Maria Sant’Ana MalaqueIII, Rosa Maria MarcussoIV,  
Augusto César Penalva de OliveiraV, Lucio Antonio Nascimento BatistaVI, Graziela UltramariVII,  
José Angelo Lauletta LindosoVIII, Maria Inês Rebelo GonçalvesIX, Jaques SztajnbokX

This study was performed in Intensive Care Unit, Instituto de Infectologia Emílio Ribas (IIER), São Paulo, SP, Brazil

INTRODUCTION
The most common and severe complication in patients with coronavirus disease 2019 
(COVID-19) is the acute respiratory distress syndrome (ARDS), with acute respiratory 
failure as the main cause of hospitalization and orotracheal intubation (OTI) in intensive 
care units (ICU).1-4 Consequently, several studies have shown an OTI rate ranging from 
12% to 33% of hospitalized patients while the time they remained intubated also varied but 
deserves attention with >50% of those patients needed mechanical ventilation for up to 14 
days.5-8 Thus, the longer the time under OTI, the greater the chances of mechanical and sen-
sitive sequelae.9-16

Therefore, the longer the length of mechanical ventilation, the greater the chances that 
the patient will present lesions in the oropharyngolarynx region, vocal fold paresis or paral-
ysis, supraglottic edema, arytenoid dislocation, granulomas, and infraglottic strictures in 
addition to weakness in the base of the tongue and pharynx muscles and desensitization of 
sensory receptors in the tongue, pharynx, and larynx,12-19 all of which could contribute to or 
even cause dysphagia.

OBJECTIVE
Thus, considering the high prevalence of dysphagia, the present study analyzed the risk factors 
associated with dysphagia onset in patients with severe COVID-19 who were administered OTI 
for >48 h in the ICU.
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ABSTRACT
BACKGROUND: The cause of oropharyngeal dysphagia in patients with coronavirus disease (COVID-19) 
can be multifactorial and may underly limitations in swallowing rehabilitation.
OBJECTIVE: Analyze the factors related to dysphagia in patients with COVID-19 immediately after orotra-
cheal extubation and the factors that influence swallowing rehabilitation.
DESIGN AND SETTING: A retrospective study.
METHODS: The presence of dysphagia was evaluated using the American Speech-Language Hearing 
Association National Outcome Measurement System (ASHA NOMS) scale and variables that influenced 
swallowing rehabilitation in 140 adult patients who required invasive mechanical ventilation for >48 h.
RESULTS: In total, 46.43% of the patients scored 1 or 2 on the ASHA NOMS (severe dysphagia) and 
39.29% scored 4 (single consistency delivered orally) or 5 (exclusive oral diet with adaptations). Both the 
length of mechanical ventilation and the presence of neurological disorders were associated with lower 
ASHA NOMS scores (odds ratio [OR]: 0.80, 95% confidence interval [CI]: 0.74–0.87 P < 0.05; and OR: 0.13, 
95% CI: 0.61–0.29; P < 0.05, respectively). Age and the presence of tracheostomy were negatively asso-
ciated with speech rehabilitation (OR: 0.92; 95% CI: 0.87–−0.96; OR: 0.24; 95% CI: 0.80–−0.75), and acute 
post-COVID-19 kidney injury requiring dialysis and lower scores on the ASHA NOMS were associated 
with longer time for speech therapy outcomes (β: 1.62, 95% CI, 0.70–3.17, P < 0.001; β: −1.24, 95% CI: 
−1.55–−0.92; P < 0.001).
CONCLUSION: Prolonged orotracheal intubation and post-COVID-19 neurological alterations in-
crease the probability of dysphagia immediately after extubation. Increased age and tracheostomy 
limited rehabilitation.
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METHODS

Study design and inclusion/exclusion criteria
This was a retrospective cohort study conducted in the ICU of 
a reference center for the care of infectious diseases, which has 
exclusively received suspected and confirmed cases of COVID-
19 since March 2020.

Initially, 161 patients who underwent invasive mechanical 
ventilation for >48 h were considered for this study. However, 15 
patients with previous neurological diseases and six patients with a 
diagnosis of and treatment for head and neck cancer were excluded 
because these patients could already present pre-existing alterations 
in swallowing biomechanics. In total, 140 patients were included 
in the final sample.

All patients included in this study required OTI for >48 h 
and were evaluated by speech therapists according to the insti-
tutional protocol.

Therefore, 140 adult patients who were admitted to the ICU 
between March and June 2020 and who had positive reverse tran-
scription PCR (RT-PCR) results for severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) were considered eligible for the study.

Variables
In addition to the time of OTI, complications developed by the 
patients were observed and categorized as: neurological, defined as 
persistent delirium, ischemic and/or hemorrhagic strokes, enceph-
alitis, and encephalopathies; cardiac, confirmed by clinical criteria, 
imaging, and laboratory tests, such as increased levels of troponin, 
myoglobin, C-reactive protein, serum ferritin, and interleukin-6;20,21 
or renal, defined as the need for hemodialysis in individuals with-
out a history of chronic kidney disease. All alterations were diag-
nosed and confirmed by critical care physicians. The prone posi-
tion, a ventilatory support strategy to increase oxygenation levels 
by reducing the ventilation/perfusion ratio, was considered in this 
study only when invasive mechanical ventilation was required.

Speech therapy assessment
Speech therapy assessment of swallowing is routinely performed in 
the ICU of the Instituto de Infectologia Emílio Ribas (IIER). Before the 
pandemic, all patients undergoing prolonged OTI were evaluated 24 
h after extubation. However, this changed for patients with SARS-
CoV-2 and for 48 h afterwards. Thus, all 140 patients included in this 
study were evaluated by a speech therapy team 48 h after extubation.

This change was justified by the severity of the pulmonary 
condition associated with possible extubation failures, which can 
occur within 72 h after orotracheal extubation and is more common 
in patients diagnosed with pulmonary diseases.14 Another factor 
that determined the postponement of the evaluation was the pres-
ence of residual sedation that could interfere with the evaluation 

findings12 since many patients with COVID-19 require high doses 
of analgesia and neuromuscular blockers to maintain respiratory 
synchrony during mechanical ventilation.

After analyzing the electronic medical records for a survey of 
demographic, clinical, and laboratory information, a speech-lan-
guage evaluation of swallowing was initiated.

Swallowing assessment procedures
The oral sensory-motor system was evaluated, which included 
the assessment of the strength and mobility of the lips and 
tongue, contraction of the masseter muscles during mastication, 
soft palate and mandible mobility, hyolaryngeal complex eleva-
tion and support, and vocal quality before food offering.

The functional evaluation of swallowing consisted initially of 
the offer of pasty food, followed by a thickened liquid with honey 
and nectar consistencies, liquids without thickeners, and finally, 
semi-solid and dry solids.

Food volumes ranged from 3 to 100 mL for the pasty food, 
offered by a spoon; 3 to 180 mL for thin and thickened liquids 
offered in 3 and 5 mL scoops, controlled and free sips; a portion 
of soft solid (small roll) and dry solid (cream cracker).

The volume and consistency provided during the evaluation 
progressed according to the findings of the oral and pharyngeal 
phases of swallowing. Important changes in the preparatory and 
oral phases of swallowing homogeneous pasty and thickened 
liquids make it impossible to offer liquids without thickeners or 
semi-solids and solid foods.

The significant drop in peripheral oxygen saturation due to the 
removal of the nonrebreather mask also caused the interruption 
of the functional assessment of swallowing, as well as the need to 
remove the speech valve and reinflate the cuff in tracheostomized 
patients who had respiratory distress.

The American Speech-Language Hearing Association National 
Outcome Measurement System (ASHA NOMS)22 was used to deter-
mine the level of swallowing function after bedside assessments. 
the patients were divided into three groups according to the ASHA 
scale score for tube feeding, moderate dysphagia, and minimal 
dysphagia (ASHA-NOMS scores of 1–3, 4–5, and 6, respectively).

The IIER ICU beds have a negative-pressure system. Despite 
this, all speech therapists performed speech therapy evaluations 
using personal protective equipment: private clothing, disposable 
aprons, caps, goggles, N95 masks, face shields, and gloves. All rec-
ommendations for dressing and undressing steps provided by the 
Hospital Infection Control Commission were followed.

Swallowing assessment procedures in tracheostomized patients
Due to the inaccessibility of RT-PCR tests to confirm the negative 
status of the patients, the speech-language evaluation was per-
formed even in tracheostomized patients. For this population, it 
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was initially stipulated that the assessment with cuff deflation and 
adaptation of the Passy–Muir phonatory valve or occlusion of the 
tracheostomy should be performed at least 25 days after the posi-
tive RT-PCR result. Until May 2020, no scientific evidence was 
available for the virus transmission time.

From May 2020 onwards, the evaluation protocol for trache-
ostomized patients was modified once again as one study showed 
that a sharp drop occurred in infecting viral particles and anti-
body growth after 20 days. Thus, tracheostomized patients were 
evaluated 20 days after positive RT-PCR results were obtained.2

Statistical analysis and ethical aspects
The prespecified outcome variables were the time to discharge 
from speech therapy, time spent under OTI, ASHA scale score 48 
h after extubation, successful rehabilitation (yes or no), and oral 
diet onset time.

For cases where time was considered a dependent variable, 
multiple linear regression was used; thus, three models were cre-
ated: 1) time to discharge from speech therapy, 2) oral diet onset 
time, and 3) time spent intubated. Logistic regression was used for 
both situations in which the outcome variable was either binary 
(simple logistic regression for successful rehabilitation) or ordinal 
(ordinal logistic regression for the ASHA NOMS scale after 48 h 
of extubation). A stepwise backward strategy with the withdrawal 
of variables at 0.05 was used for all five models.

The confidence interval (CI) was 95% and the statistical pro-
gram used was Stata (Stata Corp., College Station, United States) 
12.0. This study was approved by the IIER Ethics Committee (pro-
tocol number 4.168.189).

RESULTS
Initially, 161 patients were eligible for inclusion. However, 21 
patients were excluded from the sample because they presented 
with alterations in swallowing before the OTI (Figure 1).

Table 1 shows that the average age of patients evaluated after 
orotracheal extubation was 55.58 years with a predominance of 

Table 1. Population, clinical characteristics and American Speech-
Language Hearing Association National Outcome Measurement System 
scale and its outcomes after assessment and speech therapy discharge

Demographic and clinical variables Total (n = 140) (%)
Age
 Minimum–maximum 18–85 -
Median 57.5 -
 Average ± standard deviation 55.58 ± 14.32 -
Gender
Female 71 50.71
 Male 69 49.29
Previous comorbidities
Systemic arterial hypertension 65 46.43
Obesity 60 42.86
Diabetes mellitus 49 35.00
Heart disease 24 17.14
Chronic kidney injury 13 9.29
Human immunodeficiency virus 4 2.86
Smoking 28 20.00
Orotracheal intubation and complications
Length of mechanical ventilation

Minimum–maximum 2.0–33.0 -
Median 11 -
Average ± standard deviation 12.05 ± 6.07 -

Reintubation 30 21.43
Tracheostomy 23 16.43
Prone position 68 48.57
Acute complications of COVID-19

Acute kidney injury requiring dialysis 37 26.43
Cardiomyopathies 17 12.14
Neurological disorders 58 41.43

ASHA NOMS scale after speech therapy assessment
Tube feeding
ASHA 1, ASHA 2 65 46.43
Moderate dysphagia 

ASHA 4, ASHA 5 55 39.29
Minimal dysphagia

ASHA 6 20 14.29
Speech-language therapy outcome

Rehabilitated 93 66.43
Not rehabilitated 47 33.57

Time of onset for oral diet
Minimum–maximum 1.0–15.0 -
Median 3.0 -
Average ± SD 4.4 ± 2.81 -

Average time for speech therapy discharge (days)
Tube feeding (ASHA 1, ASHA 2, and ASHA 3)

Minimum–maximum 2.0–26.0 -
Median 7.0 -
Average ± SD 8.55 ± 5.26 -

Moderate dysphagia (ASHA 4 and ASHA 5)
Minimum–maximum 1.0–3.0 -
Median 1.0 -
Average ± SD 1.03 ± 0.27 -

COVID-19 = coronavirus disease 2019, SD = standard deviation; ASHA NOMS = American 
Speech-Language Hearing Association National Outcome Measurement System

 

 

 

 

 

 

 

 

 

 

 

161 patients with SARS-COV-2 
submitted to OTI for >48 h 

21 (13.04%) Excluded 
15 (71.42%) Previous neurological diseases 
6 (28.58%) Cancer and/or treatment in the 
head and neck region 

140 patients with SARS-COV-2 submitted 
to OTI for >48 h were included in the final 
analysis 

SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2.

Figure 1. Sample selection according to inclusion and 
exclusion criteria.
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females (50.71%). Systemic arterial hypertension was the most 
frequent comorbidity (46.43%), followed by obesity (42.86%) and 
diabetes mellitus (35%). As IIER is a reference in the care of infec-
tious or contagious diseases, 2.86% of patients presented with the 
human immunodeficiency virus.

The patients remained under OTI for an average time of 12.05 
days with a standard deviation ranging from 2 to 33 days. Of the 
140 patients, 30 patients (21.43%) required reintubation within 72 
h after extubation while tracheostomy was performed in 23 patients 
(16.43%). In addition, a prone position maneuver was required for 
68 patients (48.57%) while they were still intubated. During the ICU 
stay, 27 patients (26.43%) developed acute kidney injury and required 
hemodialysis while 58 (41.43%) had neurological disorders. Cardiac 
abnormalities after COVID-19 were observed in 17 (12.14%) patients.

The number of patients with severe or moderate dysphagia 
reached 46.43%, and the nasogastric tube was maintained as the 
exclusive feeding route for these patients; 39.29% of patients needed 
significant adaptations, such as the ingestion of homogeneous pasty 
foods and thickened hydration.

Speech therapy evaluation was performed 48 h after extu-
bation, and 65 patients (46.43%) presented with severe dyspha-
gia and needed to maintain the nasoenteral tube as an exclusive 
alternative to feeding, with ASHA scores of 1 and 2. In addition 
to clinical signs of penetration/aspiration, such as coughing, gag-
ging, and changes in vocal quality shortly after swallowing, these 
patients showed significant fatigue when the nonbreathing mask 
was removed, further increasing the risk of bronchoaspiration 
during and after swallowing owing to a lack of coordination between 
swallowing and breathing.

 No patient was rated on the ASHA NOMS level 3 scale; 55 
patients (39.29%) had an exclusive oral diet with restrictions 
on consistency and the use of compensatory strategies, and 20 
(14.29%) had minimal changes or normal swallowing, with-
out the need for modifications and/or compensatory strategies 
during feeding.

Among the patients with dysphagia in whom the ASHA NOMS 
scale ranged from 1 to 5, 93 (66.43%) were rehabilitated while 47 
(33.57%) were not. The average time for reintroduction of the oral 
diet in patients who needed to remain on an exclusive nasoenteral 
tube after the evaluation was 3 days.

Speech therapy discharge, with complete swallowing recov-
ery, was achieved with an average of 8.55 days in patients with an 
initial ASHA NOMS score of 1–3, and 1.03 days in patients with 
an initial ASHA NOMS score of 4–5.

In the ordinal logistic regression, considering the values of 
the ASHA NOMS scale as the dependent variable, we found that 
both intubation time and the presence of neurological disorders 
were associated with lower scores on the ASHA NOMS scale (odds 
ratio, [OR]: 0.80, 95% CI: 0.74–0.87 P < 0.05; and OR: 0.13, 95% 
CI: 0.61–0.29 P < 0.05, respectively). Conversely, an inverse asso-
ciation was present for those patients who had been pronated (OR: 
3.24; 95% CI: 1.51–6.94, P < 0.005) (Table 2).

We found that both age and the presence of tracheostomy 
were negatively associated with speech rehabilitation (OR, 0.92: 
95% CI: 0.87–0.96; OR, 0.24, 95% CI: 0.80–0.75), respectively. 
Finally, higher ASHA NOMS scores were negatively associated 
with the time needed for speech therapy discharge (β: −1.24; 95% 
CI: −1.55–−0.92; P < 0.001) (Table 2).

Table 2. Multivariate models for variable analysis: ASHA NOMS scale, rehabilitation and average time for speech therapy discharge

ASHA NOMS = American Speech–Language–Hearing Association’s National Outcome Measurement System; OR = odds ratio; CI = confidence interval; 
COVID-19 = coronavirus disease 2019.

Model 1: Ordinal logistic regression
ASHA NOMS scale

P value
Z OR 95% CI

Length of mechanical ventilation -5.36 0.80 0.74–0.87 < 0.001

Prone position 3.04 3.24 1.51–6.94 0.002

Acute complications of COVID-19

Neurological disorders -4.99 0.13 0.06–0.29 < 0.001

Model 2: Logistic regression
Rehabilitation

P value
Z OR 95% CI

Age -3.48 0.92 0.87 - 0.96 0.001

Tracheostomy -2.45 0.24 0.80 - 0.75 0.014

Model 3: Multivariate linear regression
Average time for speech therapy discharge (days)

P value
β R² 95% CI

Acute complications of COVID-19 

Acute kidney injury requiring dialysis 1.62 0.38 0.70–3.17 0.001

ASHANOMS scale -1.24 0.38 (-1.55)–(-0.92) 0.001
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DISCUSSION
Dysphagia after orotracheal intubation is multifactorial but is 
strongly related to the length of invasive mechanical ventilation. 
The presence of dysphagia can increase the time to reintroduc-
tion of an oral diet and the total hospital stay.

Herein, 46.43% of patients had severe dysphagia when assessed 
48 h after extubation by the speech therapy team. The mean time 
to oral diet reintroduction was 4.4 days.

The prolonged duration of orotracheal intubation, which was 
an average of 11 days in this study, and the presence of acute 
complications of COVID-19 were related to severe dysphagia in 
the study population. Additionally, older patients and those who 
required tracheostomy had the greatest therapeutic limitations.

Some patients with severe COVID-19 can rapidly progress to 
ARDS, necessitating OTI and intensive care. In this sense, studies 
have shown that these patients could remain intubated between 
7 and 14 days,23 which could be extended to >20 days in unfavor-
able cases.24-26 Thus, our study showed that for the 140 patients 
who were intubated, the average time spent under OTI was 12.05 
days and the reintubation rate was 21.43%, which is slightly higher 
than that reported in specialized literature.5

One of the risk factors for dysphagia is the time spent under 
OTI, which is considered long if it exceeds 48 h.22-24 However, in 
addition to prolonged OTI, other conditions may justify the pres-
ence of changes in the swallowing biodynamics in ICU patients; 
these conditions include previous comorbidities and poor scores on 
disease severity scales, namely the Acute Physiology and Chronic 
Health Evaluation IV and the Simplified Acute Physiology Score 
II.27-29 Similarly, we found that many of our patients not only pre-
sented long periods under OTI but also had comorbidities before 
ICU admission.

No consensus is present in the literature regarding the ideal 
time to evaluate patients after orotracheal extubation. Although the 
average time for evaluation was 24 h;27-31 for the present study, all 
patients were evaluated 48 h after extubation.

Even after 48 h of extubation, 46.43% of patients in the pres-
ent study had severe dysphagia, with lower scores on the ASHA 
NOMS scale (OR: 0.80; 95% CI: 0.74–0.87 P < 0.05) and pro-
longed orotracheal intubation time was directly related to these 
findings (Table 2).

Studies that evaluated swallowing after extubation in patients 
with COVID-19 showed dysphagia rates of 20%–90%, and dys-
phagia was attributed to prolonged mechanical ventilation time, 
age >60 years, duration of analgesia and neuromuscular blocker 
use, and the presence of tracheostomy.32-34

Information regarding the incidence of dysphagia in extubated 
patients without COVID-19 varies. This is mainly because of the 
different diagnostic methods and inconsistent evaluation intervals 
after extubation. In patients intubated for >48 h, the prevalence of 

dysphagia increases by 56%.35 According to other studies, dyspha-
gia occurs in 3%–62% of patients recovering after critical illness35 
and one-third of patients intubated after ARDS have dysphagia 
upon discharge from the hospital.36

Prolonged intubation contributes to the reduction of strength 
and mobility in both the lips and tongue and may contribute to 
the reduction of sensitivity of the tongue, pharynx, and larynx. 
Patients may present with increased oral transit time, delay in 
starting pharyngeal swallowing, reduced elevation of the hyola-
ryngeal complex during swallowing, and stasis in the oral cavity 
and hypopharynx after swallowing.11,12,37,38 In addition to motor 
and sensory failures, these patients may present with supraglottic 
edema, dislocation of the arytenoid cartilages, and paralysis or 
paresis of the vocal folds.39,40 Nevertheless, most of our patients 
still presented ASHA NOMS scores <6, thus requiring dietary 
alternatives, whether through feeding restrictions or supplemen-
tary feeding routes.

In addition to the extended period under OTI and the rate of 
reintubation, almost half of the patients included in this study were 
pronated. This is a ventilatory support strategy for increasing oxy-
genation levels through a reduction in the ventilation/perfusion ratio 
that has become more frequent during the COVID-19 pandemic.41

We previously hypothesized that prone positioning would 
decrease ASHA NOMS scores because of possible laryngeal lesions. 
However, we later found that the prone position was positively 
associated with ASHA NOMS scores. We also found no mean-
ingful association between OTI time and maneuver, despite their 
tendency to be positively associated. Thus, these findings may 
be justified by the possible absence of laryngeal lesions in these 
patients given that several of these patients benefited from prone 
positioning, which may have reduced the total time spent on OTI.

Tracheostomy was performed in 16.43% of patients who were 
difficult to wean from mechanical ventilation. Following the speech 
therapy protocol, the speech therapist was recommended to assess 
these patients after at least 25 days elapsed since a positive RT-PCR 
result. However, as many patients remained on pressure-controlled 
mechanical ventilation for a long time, most started to meet the 
criteria for speech therapy 30 days after a positive RT-PCR result.

Tracheostomized patients did not tolerate the Passy–Muir 
speech valve for a prolonged period and presented with respi-
ratory discomfort and decreased peripheral oxygen saturation. 
Severe dysphagia was present mainly in tracheostomized patients 
who developed ischemic and hemorrhagic stroke, both of which 
were defined as neurological complications herein. The strength, 
mobility, and sensitivity of the oral cavity and oropharyngeal struc-
tures was reduced, which contributed to the classification of these 
patients as having a score of 1 on the ASHA NOMS scale.

The difficulty in maintaining the Passy–Muir phonatory valve 
and the cannula occlusion for prolonged periods also contributed 
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negatively to the rehabilitation of these patients as shown in the 
multivariate analysis in Table 2 (OR: 0.24; 95% CI: 0.80–0.75). 
This was because the reduction of subglottic pressure in trache-
ostomized patients can affect the time of lower airway closure and 
reduce the efficiency of cough.

In our sample, many patients had hypoactive delirium, whereas 
others had other neurological and cardiac disorders as well as 
renal disorders requiring hemodialysis. This combination of fac-
tors could have played a role in the number of nonrehabilitated 
patients (33.7%) and the average time (8.55 days) found for speech 
therapy discharge in patients with scores of 1 or 2 on the ASHA 
NOMS scale.

Regarding COVID-19 sequelae and other disorders, the virus 
exhibits neurotropic behavior with the capacity to invade the central 
nervous system. In addition, studies have shown that patients with 
acute kidney damage secondary to COVID-19 can present with 
important changes in fluid balance, with hemodynamic changes 
being common in this population. In our study, the presence of 
neurological disorders (stroke or delirium) was negatively asso-
ciated with the ASHA NOMS scores. In addition, patients with 
acute kidney injury requiring dialysis spent more time on OTI.

Age is another factor contributing to the rehabilitation of 
patients with dysphagia. The results in Table 2 show that increasing 
age was negatively associated with rehabilitation success. This find-
ing is also supported by current literature, which shows that dis-
orders in swallowing biodynamics due to increasing age may be 
related to sarcopenia, sensory changes, and muscle weakness.13,18

Finally, although 46.43% of the patients had a score of 1 or 2 
on the ASHA NOMS scale  after the speech-language evaluation, 
the average time of onset of oral diet was 4.4 days. However, this 
does not mean that these patients were completely rehabilitated 
during this period as the average time to speech therapy discharge 
was 8.55 days.

Recent research has shown that patients with COVID-19 who 
require mechanical ventilation have the heaviest impact on quality 
within one year after discharge, with an increase in cardiovascu-
lar events, dyspnea, and rehospitalizations.42 Sarcopenic dyspha-
gia resulting from the considerable loss of muscle mass during the 
ICU stay may be present in this group, as well as respiratory and 
vocal complaints related to possible late tracheal stenosis second-
ary to prolonged orotracheal intubation.

The present study had several limitations. Prolonged orotra-
cheal intubation, reintubation, tracheostomy, and neurological, 
cardiac, and renal complications in individuals who develop severe 
forms of COVID-19 are factors that reinforce the multifactorial 
causes of dysphagia in these patients. However, other important 
variables were not analyzed in this study but also deserve atten-
tion, such as the period in which the patient remains sedated and 
pronated and the evaluation of sedoanalgesia (both drug and dose 

needed to achieve the desired effect), which might cause possible 
glottic lesions compromising speech and swallowing safety and 
causing persistent delirium, respectively. Notably, that the severity 
of COVID-19 at hospital or ICU admission was not considered in 
this study because of a lack of data.

CONCLUSION
Prolonged orotracheal intubation and neurological alterations 
acquired after COVID-19 infection increase the probability of dys-
phagia immediately after extubation. Increasing age and the need 
for tracheostomies have limited the rehabilitation of these patients.
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Combined association of insufficient physical activity and 
sleep problems with healthcare costs: a longitudinal study
Kelly Akemi Kikuti-KoyamaI, Ítalo Ribeiro LemesII, Luana Carolina de MoraisIII, Henrique Luiz MonteiroIV,  
Bruna Camilo Turi-LynchV, Rômulo Araújo FernandesVI, Jamile Sanches CodognoVII

Universidade Estadual Paulista (UNESP), SP, Brazil

INTRODUCTION
The prevalence of sleep problems (e.g., obstructive sleep apnea, insomnia, and snoring) in adults 
is high worldwide,1-3 which is concerning due to its association with the development of many 
diseases.4 The epidemiological background, which is characterized by a high prevalence of the 
outcome and an association with diseases, supports a relevant economic burden attributed to 
sleep problems.5 In fact, primary care costs for medicines are 75% higher in Brazilian adults who 
report severe sleep difficulties than in those who report normal sleep,6 while the total healthcare 
costs related to sleep problems and attributed conditions in Australia reached US$ 655.5 mil-
lion in 2019–2020.5

Similar to sleep problems, insufficient physical activity (PA) is also a common outcome among 
adults and is associated with the development of many diseases and increased healthcare costs.7,8 
Figures indicate that insufficiently active adults spend 40% more on healthcare costs than suffi-
ciently active adults, while potential savings on direct healthcare costs attributed to sufficient PA 
range from US$ 500 million to US$ 1.6 billion per year in Australia and Canada, respectively.7,9 
The association between PA and health outcomes varies depending on context. While overall and 
leisure-time PA generally have positive effects on health outcomes, PA during work may have 
less favorable effects, a phenomenon known as the PA paradox.

Although have substantial impacts on healthcare costs among adults, it is not yet clear whether 
the combination of both boosts economic losses. We hypothesize that the coexistence of sleep 
problems and insufficient PA may have an additive effect on healthcare costs in adults. This effect 
would suggest that the simultaneous presence of both risk factors—poor sleep and low PA—
could result in healthcare costs that exceed the sum of their individual impacts. This potential 
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ABSTRACT
BACKGROUND: The magnitude of economic losses attributed to sleep problems and insufficient physical 
activity (PA) remains unclear. This study aimed to investigate the association between insufficient PA, sleep 
problems, and direct healthcare costs.
OBJECTIVE: To investigate the association between insufficient physical activity (PA), sleep problems, and 
direct healthcare costs among adults.
DESIGN AND SETTING: Adults aged ≥ 50 years attended by the Brazilian National Health Service were 
tracked from 2010 to 2014.
METHODS: Direct healthcare costs were assessed using medical records and expressed in US$. Insuffi-
cient PA and sleep problems were assessed through face-to-face interviews. Differences were identified 
using the analysis of covariance and variance for repeated measures.
RESULTS: In total, 454 women and 166 men were enrolled. Sleep problems were reported by 28.9% 
(95%CI: 25.2% to 32.4%) of the sample, while insufficient PA was reported by 84.8% (95%CI: 82.1% to 
87.6%). The combination of sleep problems and insufficient PA explained 2.3% of all healthcare costs spent 
on these patients from 2010 to 2014, which directly accounts for approximately US$ 4,765.01.
CONCLUSION: The combination of sleep problems and insufficient PA plays an important role in increas-
ing direct healthcare costs in adults. Public health stakeholders, policymakers, and health professionals can 
use these results to reinforce the need for strategies to improve sleep quality and increase PA, especially in 
nations that finance their National Health Systems.
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synergistic effect is particularly relevant considering the associa-
tion between sleep problems and insufficient PA.10,11

OBJECTIVE
The present study sought to investigate the association of com-
bined insufficient PA and sleep problems with direct healthcare 
costs in adults during a four-year follow-up.

METHODS

Sample
This longitudinal study is part of an ongoing cohort study that 
began in 2010, and included adults from the Brazilian National 
Health Service, in the city of Bauru, state of São Paulo, Brazil. 
The  study was approved by the Ethics Committee of the 
Universidade Estadual Paulista (UNESP) (process number 
1046/46/01/10 date 08/24/2010).

In terms of sampling, the city of Bauru is a middle-sized city 
(~ 410,000 inhabitants in 2018 and human development index of 
0.801) located in the most industrialized Brazilian state. In Brazil, 
the Brazilian National Health Service offers free-of-charge health 
services at all levels (primary, secondary, and tertiary) to all citi-
zens (even foreign citizens legally living in Brazil have full access 
to these services). All primary care services are offered in small-
to-medium-sized medical facilities, called Basic Health Units, 
which cover all residents living in the surrounding neighborhood. 
In 2010, Bauru had 17 Basic Health Units spread out in the met-
ropolitan region of the city (only 5% of all citizens live in rural 
areas). The largest (number of patients) Basic Health Unit in each 
geographical region of the city (west, east, north, south, and cen-
ter) was selected to participate in the cohort study.

Random selection was carried out in each selected Basic Health 
Unit according to the following inclusion criteria: i) registered 
for at least one year in the Basic Health Unit, ii) ≥ 50 years old, 
iii) an active registry (at least one consultation in the previous 
6 months), and iv) signing the consent form to participate in the 
study. Participants who fulfilled all inclusion criteria were con-
tacted by phone and invited to participate (face-to-face interviews 
and physical evaluations were scheduled for those who accepted 
the invitation). The minimum sample size to start this longitudi-
nal study required 958 participants, which considered the follow-
ing: i) 60% of all Brazilians exclusively used the Brazilian National 
Health Service, ii) error of 3.8%, iii) alpha error of 5%, and iv) 
sample increased by 50% due to cluster sampling. During the sam-
pling process, 4,209 participants had at least one consultation in 
the last 6 months (west [n = 796], east [n = 402], north [n = 1,212], 
south [n = 718], and center [n = 1,081]), 1,915 (double the mini-
mum required to protect against losses) were randomly selected/
contacted (west [n = 395], east [n = 287], north [n = 416], south 

[n = 404], and center [n = 413]), and the final sample was com-
posed of 963 participants (west [n = 195], east [n = 193], north 
[n = 193], south [n = 189], and center [n = 193]), which represents 
50.2% of all contacted potential participants (Figure 1).

The minimum sample size was calculated considering expected 
differences in healthcare costs according to the presence of sleep 
problems (US$ 10.00 higher in adults with sleep problems)6 and 
insufficient PA (US$ 13.00 higher in insufficiently active adults).12 
In all simulations for the minimum sample size, the statistical 
power (80%) and significance (Z = 1.95 [5%]) were standardized. 
Considering sleep problems, the minimum sample size required 
was 279 participants (93 in each group), whereas for insufficient 
PA, the minimum sample size was 366 participants (122 in each 
group). Additionally, the minimum calculated sample size was 
increased by 50% as a result of the inclusion of covariates in the 
multivariate models, and reached n = 418 and n = 549 participants 
for sleep problems and insufficient PA, respectively. Thus, the min-
imum sample size estimated for the present study was 549.

Direct healthcare costs
Direct healthcare costs from 2010 to 2014 were assessed using 
medical records. The Brazilian National Health Service rec-
ommends that health professionals register all procedures per-
formed during consultations, including but not limited to blood 
tests, vaccines, and drug prescriptions. Drugs prescribed during 
medical consultations are collected from the pharmacy in the 
Basic Health Unit. All healthcare services are free of charge to 
the patient. Each patient authorized access to the medical records 

Medical consultation in the 
last 6 months 

(n = 4209) 

Participants randomly selected 
and attempt to contact by 

telephone 
(n = 1915) 

Not randomly selected by the 
software (n = 2294) 

Participants of the baseline 
(n = 963) 

Participants after 4 years of 
follow-up 
(n = 620) 

Did not reply to the contact (n = 236) 
Incorrect telephone (n = 368) 
Refused to participate (n = 170) 
Did not show up in the assessment (n = 178) 

Did not reply to the contact (n = 200) 
Refused to participate (n = 84) 

Death (n = 59) 

Figure 1. Flow diagram of participants.
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and the Department of Health of Bauru provided the direct cost 
of each service (e.g., medical consultation, medicine taken by the 
patient, exams, vaccines). Total direct healthcare costs from 2010 
to 2014 were calculated in the Brazilian currency (Real [R$]) and 
then converted to American Dollars (US$) using the official aver-
age exchange rate (adjusted for the inflation rate of the period).8,13

Sleep problems
The Brazilian Portuguese version of the Mini-sleep Questionnaire 
was used to assess sleep problems.14 This questionnaire was 
inserted in the cohort in 2014 and comprises 10 questions 
assessed on a 7-point Likert scale (never-1, almost never-2, 
rarely-3, sometimes-4, often-5, very often-6, always-7) to evaluate 
different sleep aspects (sleepiness, insomnia, snoring, difficulty 
getting to sleep, and waking up during the night). Although the 
Mini-Sleep Questionnaire is a short questionnaire, it consists of 
two sub-scales that investigate sleep problems and daytime sleep-
iness. The questionnaire generates a numerical score ranging 
from 10 to 70 (10–24 for good sleep, 25–27 for mild sleep diffi-
culties, 28–30 for moderate, > 30 for severe). In the present study, 
sleep problems were defined as a score ≥ 25.

Insufficient PA
The Brazilian Portuguese version of the Baecke questionnaire 
was administered during interviews in 2010, 2012, and 2014.15 
This  questionnaire comprises 16 questions with responses 
rated on a 5-point Likert scale (never, seldom, sometimes, very 
often, and always) and addresses PA in three domains: occupa-
tional, sports participation in leisure-time, and active commut-
ing. Only  data from sports participation in leisure-time were 
considered for this study. We specifically selected the leisure-
time domain due to its strong and well-documented associa-
tion with health outcomes. This domain has been recognized as 
a reliable proxy for general PA levels and exhibits a direct cor-
relation with the lifestyle factors under investigation. First, the 
section considers one yes/no question regarding sports partici-
pation. Participants who answer “yes” are then asked additional 
questions (intensity [light, moderate or vigorous], weekly volume 
[<  1h/week; 1–2h/week; 2–3h/week; 3–4h/week;  >  4h/week], 
and previous time of engagement [<  1 month; 1–3 months; 
4–6  months; 7–9 months; >  9 months]). In line with previous 
publications,16 sufficiently active participants were those who 
reported a minimum of 180 minutes per week (either 3–4 h/week 
or > 4h/week) of moderate-to-vigorous PA over the previous four 
months (either 4–6 months, 7–9 months, or > 9 months) in 2014.

Combination of sleep problems and insufficient PA
Finally, seeking a combined variable that includes sleep problems 
and insufficient PA, the sample was divided into three groups: 

i) None (Sufficient PA + No sleep problems [n = 82]), ii) Only 
one (either Sufficient PA + Sleep problems [n = 12] or Insufficient 
PA + No sleep problems [n  =  361], [n  =  373]), and iii) Both 
(Insufficient PA + Sleep problems [n = 165]).

Covariates
For all covariates, the baseline values were adopted. Sex, age, 
diagnosis of Type 2 diabetes mellitus, arterial hypertension, and 
any dyslipidemia were assessed during the face-to-face interview. 
Body mass index (BMI, kg/m2) was calculated using body weight 
(kg) and height (cm) and classified as normal (< 25 kg/m²), over-
weight (≥  25 – <  30  kg/m²), and obese (≥  30  kg/m²). A  score 
for economic condition was generated using a standardized 
Brazilian questionnaire.17 Smoking status (never, former, and 
current smoker) was assessed during the face-to-face interview.

Statistical analysis
Descriptive statistics included mean, median, standard devia-
tion (SD), and 95% confidence interval (95%CI). The chi-square 
test was used to analyze the association between categorical data, 
and partial correlations were performed to analyze the relation-
ships between variables. Analysis of covariance (ANCOVA) was 
used to compare healthcare costs among the three groups cre-
ated by combining sleep problems and insufficient PA (mod-
els were adjusted for all covariates). The measures of effect size 
were expressed as eta-squared (ES-r) values. For the ANCOVA, 
Levene’s test was used to assess the assumption of homogene-
ity of variances, which was considered satisfactory (P  >  0.05). 
Repeated-measures analysis of variance (ANOVA) was used to 
assess changes in healthcare costs over the four years of follow-
up according to the three groups. The assumption of spheric-
ity was tested using Mauchly’s test, and the Greenhouse-Geisser 
approach was used as a correction factor and was considered 
satisfactory. Interaction analysis was conducted to identify the 
joint effect of sleep problems and insufficient PA on healthcare 
costs. To this end, healthcare costs were categorized consid-
ering the 90th percentile as the main outcome (an outcome of 
10% was selected because odds ratio [OR] and relative risk are 
similar when the prevalence of the outcome is ≤  10%) and its 
association with the combination of sleep problems and insuf-
ficient PA tested (P = 0.001). The OR for each category was esti-
mated (None [OR00], OR = 1.0; Sufficient PA + Sleep problems 
[OR01], OR = 1.750; Insufficient PA + No sleep problems [OR10], 
OR = 1.842; Insufficient PA + Sleep problems [OR11], OR = 3.277). 
Sinergy index ([OR11  -  1] / {[OR10  -  1]  +  [OR01  -  1]}) and the 
proportion of the joint effects of both exposures (sleep prob-
lems and insufficient PA) attributed to interaction on healthcare 
costs were calculated ([OR11 - OR10 – OR01 + OR00] / OR11-1).18  
A synergy index >  1.0 denotes positive additive interaction.18 
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The level of significance was set at P < 0.05 and the Stata software 
(StataCorp LLC., College Station, Texas, United States, version 
16.0) was used to perform all analyses.

RESULTS
A total of 963 participants were initially evaluated. After four years, 
343 dropouts were recorded (due to deaths, impossible to contact 
the participant, desire to quit the study). Therefore, 620 participants 
were included in the present analysis (73.2% women; n  =  454). 
Sleep problems were reported by 28.9% (95%CI: 25.2% to 32.4%) 
of the sample, while insufficient PA was reported by 84.8% (95%CI: 
82.1% to 87.6%). From 2010 to 2014, the overall healthcare costs 
spent by the government on these patients reached US$ 207,174.60 
(median of US$ 212.14 per patient). Participants with both sleep 
problems and insufficient PA presented lower economic conditions 
(P = 0.006), whereas the coexistence of both was associated with the 
female sex (P = 0.001) and obesity (P = 0.009) (Table 1).

Specific questions in the Mini-Sleep Questionnaire revealed that 
the use of hypnotic medications (r = 0.116), falling asleep during 
the day (r = 0.114), snoring (r = 0.093), excessive daytime sleepi-
ness (r = 0.085), and excessive movement during sleep (r = 0.114) 

were associated with higher healthcare costs (Table 2). By contrast, 
higher intensity, weekly volume, and previous time of engagement 
in PA were related to lower healthcare costs.

The combination of sleep problems and insufficient PA 
explained 2.3% of all healthcare costs spent on these patients 
from 2010 to 2014, which directly account for approximately 
US$ 4,765.01. Adults who are insufficiently active and with sleep 
problems had the highest healthcare costs, whereas adults with 
either insufficient PA or sleep problems and those with neither 
outcome had similar costs (Figure 2, Panel A). In this multivari-
ate model, the diagnosis of diabetes mellitus increased healthcare 
costs by approximately 2.5%.

When compared to those with no sleep problems and suffi-
cient PA, adults with both sleep problems and insufficient PA pre-
sented higher healthcare costs throughout the follow-up period 
(P = 0.001) (Figure 2, Panel B).

Interaction analysis identified a synergy index of 1.8 (> 1.0, 
denoting positive additive interaction), while the proportion of 
the joint effects of sleep problems and insufficient PA attributed 
to interaction on healthcare costs reached 30.1%.

DISCUSSION
This four-year longitudinal study established that the coexistence 
of sleep problems and insufficient PA increased direct healthcare 
costs in adults.

Table 1. General information according to the presence of sleep 
problems and insufficient physical activity (Bauru, Brazil; n = 620)

Sleep problems and Insufficient 
physical activity

None
(n = 82)

Only one
(n = 373)

Both
(n = 165)

Continuous Mean (SD) Mean (SD) Mean (SD) P value
Age (years) 63.9 (7.2) 65.1 (9.1) 64.2 (8.5) 0.405
Body weight (kg) 70.8 (16.1) 73.2 (14.9) 75.8 (17.3) 0.050
Height (cm) 157.9 (20.1) 157.4 (11.8) 155.7 (7.8) 0.294
EC (score) 20.1 (6.4) 18.4 (5.5)a 17.7 (5.5)a 0.006
Categorical (n [%])
Sex 0.001

Male 31 (37.8%) 110 (29.5%) 25 (15.2%)
Female 51 (62.2%) 263 (70.5%) 140 (84.8%)

Smoking 0.448
Never 37 (45.1%) 210 (56.3%) 98 (59.4%)
Former 39 (47.6%) 124 (33.2%) 43 (26.1%)
Current 6 (7.3%) 39 (10.5%) 24 (14.5%)

BMI 0.009
< 25 kg/m2 19 (23.2%) 66 (17.7%) 23 (13.9%)
25.0 – 29.9 kg/m2 37 (45.1%) 150 (40.2%) 62 (37.6%)
≥ 30.0 kg/m2 26 (31.7%) 157 (42.1%) 80 (48.5%)

Diseases
DM (yes) 22 (26.8%) 98 (26.3%) 55 (33.3%) 0.284
AH (yes) 61 (74.4%) 295 (79.1%) 136 (82.4%) 0.142
DLP (yes) 27 (32.9%) 125 (33.5%) 67 (40.6%) 0.234

SD = standard deviation; BMI = body mass index; EC = economic condition; 
DM = diabetes mellitus; AH = arterial hypertension; DLP = dyslipidemia; 
a = denotes significant difference (P < 5%) compared to “None.”

Table 2. Relationship between healthcare costs and questions 
regarding sleep and physical activity among adults (Bauru, 
Brazil; n = 620)

Dependent variable:
Healthcare costs  

2010-2014

Independent variables
Partial 

Correlation ( r )*
P value

Mini-sleep Questionnaire
Difficulty falling asleep 0.033 0.422
Waking up too early 0.024 0.550
Hypnotic medication use 0.116 0.004
Falling asleep during the day 0.114 0.005
Feeling tired upon waking up in 
the morning

0.058 0.150

Snoring 0.093 0.022
Mid-sleep awakenings 0.011 0.791
Headaches on awakening 0.043 0.294
Excessive daytime sleepiness 0.085 0.036
Excessive movement during sleep 0.114 0.005

Baecke questionnaire
Intensity -0.100 0.013
Weekly volume -0.109 0.007
Previous time of engagement -0.106 0.009

* Correlation adjusted by sex, chronological age, economic condition, 
body mass index, arterial hypertension, diabetes mellitus, and dyslipidemia.
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Sleep problems and insufficient PA were frequently identified 
outcomes in our participants, which is similar to previous studies1,2,19 
and highlights the relevant problem that both outcomes present 
in modern society. Obesity and female were variables associated 
with the coexistence of sleep problems and insufficient PA. In the 
case of obesity, this finding is not surprising, especially because 
obesity is frequently associated with lower PA and a higher occur-
rence of sleep problems.19,20 Regarding sex, menopause tends to 
have a detrimental impact on women’s body composition,21 while 
aging is related to reductions in PA in women.9 Thus, women 
over 50 years of age present a group that is potentially exposed to 
the harmful combination of insufficient PA and sleep problems, 

and thus, actions should be focused on preventing these behav-
iors among them.

Regarding PA, all the components assessed using the Baecke 
questionnaire were similarly related to healthcare costs in terms of 
direction and magnitude. In terms of direction, previous studies 
have documented the potential of PA in the mitigation of direct 
healthcare costs in primary care.7,8 Regarding magnitude, the miti-
gation role attributed to PA seems to be of small magnitude, below 
3%.7,8 The low effect size attributed to the relationship between PA 
and healthcare costs may be explained, at least in part, by the fact 
that it is not a direct relationship but is mediated by the impact of 
PA on other variables that affect healthcare costs, such as obesity, 
mental health, and chronic diseases. Although the relationship 
between PA and healthcare costs is not large in terms of magni-
tude, it has been proven to be economically relevant, especially 
when considered at the population level.7-9

Regarding sleep problems, an additional analysis considering 
all the questions covered by the Mini-Sleep Questionnaire revealed 
that the most relevant questions related to healthcare costs were 
those that assess snoring, excessive daytime sleepiness, and the 
use of hypnotic medicine. The burden of hypnotic medicines on 
healthcare costs is not a surprise given the increased popular-
ity of this kind of medicine among adults with sleep problems.22 
Even so, the identification of snoring and symptoms of excessive 
sleepiness as determinants of healthcare costs was an interesting 
finding. Snoring and excessive sleepiness are frequently diagnosed 
symptoms in adults with obstructive sleep apnea,20 which is the 
most common sleep problem diagnosed in adults and is respon-
sible for substantial economic losses.5 In fact, our study did not 
assess obstructive sleep apnea (which is a limitation); however, 
it is reasonable to believe that the observed relationships may be 
explained by this condition, at least in part.

Our findings revealed that the coexistence of sleep problems 
and insufficient PA was associated with increased healthcare 
costs in adults, while this impact was more tangible than that 
observed on the isolated manifestation of either variable (inter-
action analysis identified that healthcare costs were impacted in 
30% due to the combination of both variables), thereby denoting 
both variables are potentially harmful to economic maintenance 
of Brazilian National Health Service. Sleep problems and insuffi-
cient PA accounted for 2.3% of all variances in healthcare costs. 
This figure initially seems small, but is similar to the burden of 
obesity on healthcare costs in Canada7 and of hospitalizations 
in Brazil, for example.23 Moreover, at the population level (with 
36,894,000 adults ≥ 50 years old in Brazil who exclusively use the 
Brazilian National Health Service for health assistance24 and a 
median healthcare cost of US$ 212.14 from 2010 to 2014), and 
assuming there is a causal relationship in our analyses, a mitiga-
tion of 2.3% on direct healthcare costs would represent a saving 

a P < 0.05 compared to None. b P < 0.05 compared to Just One. 
PANEL A: Analysis of covariance: Insufficient PA and Sleep problems 
(P = 0.001; Eta-squared 0.023 [2.3%]). Covariates (P value [eta-
squared in %]): Sex (P = 0.677 [<0.1%]), BMI (P = 0.278 [0.2%]), 
Economic condition (P = 0.871 [<0.1%]), Smoking (P = 0.377 [0.1%]), 
Health care Costs in 2010 (P = 0.001 [48.7%]), Arterial hypertension 
(P = 0.479 [0.1%]), Diabetes mellitus (P = 0.001 [2.5%]), Dyslipidemia 
(P = 0.066 [0.6%]). PANEL B: Analysis of variance for repeated 
measures (P value): Time (P = 0.051), Group (P = 0.001), Time x Group 
(P = 0.077).

Figure 2. Amount of health care costs from 2010 to 2014 
according to the combination of sleep problems and 
insufficient physical activity (Bauru, Brazil; n = 620).
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of US$ 180 million in primary care services from 2010 to 2014 
among adults aged ≥ 50 years.

Public health stakeholders, policymakers, and health profes-
sionals can use these results to reinforce the need for strategies to 
improve sleep quality and increase PA levels, especially in nations 
financing National Health Systems similar to Brazil (e.g., Australia, 
Canada, and the United Kingdom). Future clinical trials should 
investigate whether changes in these behaviors would mitigate 
healthcare costs at secondary/tertiary levels, as well as indirect 
costs, especially in a post-pandemic scenario during which both 
variables were severely affected.25

The study has the following limitations. Although the ques-
tionnaires used to assess both insufficient PA and sleep prob-
lems in our sample have been previously validated, widely used 
in epidemiological studies, and applied by trained researchers, the 
non-objective measures of PA and sleep may be considered rele-
vant limitations. This aspect seems relevant because both the rela-
tionships between PA and sleep and between PA and costs seem 
to be affected by intensity and sleep patterns,10,26 which are easier 
to measure using objective methods. Physiological pathways link-
ing diet and sleep problems exist, such as synthesis of serotonin 
and melatonin, and thus, the absence of diet control constitutes a 
limitation of our study. Our economic figures are probably under-
estimated because only primary healthcare costs were assessed, 
while indirect costs (e.g., absenteeism) and healthcare costs at 
secondary and tertiary levels (e.g., hospitalizations, surgeries) are 
also affected by PA and sleep problems but were not included in 
our analyses. Owing to the small sample size of patients with sleep 
problems and sufficient PA (n = 12), we were unable to split the 
“Only one” group. Consequently, the results should be interpreted 
with caution as they may not be generalizable to the broader pop-
ulation. Finally, although this is a longitudinal study, we are not 
able to infer causality for healthcare costs, mainly because sleep 
problems were not assessed at all time-points of data collection.

CONCLUSION
In summary, our findings suggest that the combination of sleep 
problems and insufficient PA plays an important role in increas-
ing direct healthcare costs among adults.
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Prevalence of Congenital Anomalies of the Upper Limbs 
in Brazil: a descriptive cross-sectional study
Samuel Ricardo Batista MouraI, Luis Renato NakachimaII, João Baptista Gomes dos SantosIII, João Carlos BellotiIV, 
Carlos Henrique FernandesV, Flavio FaloppaVI, Vinicius Ynoe de MoraesVII, Rodrigo Guerra SabongiVIII

Universidade Federal de São Paulo, São Paulo (SP), Brazil

INTRODUCTION
Congenital anomalies (CAs) are structural or functional alterations in embryos or fetuses 
that result from factors occurring before birth.1 These developmental changes can be genetic, 
environmental, unknown, or multifactorial in origin.2 CAs affect 1% to 3% of newborns, with 
approximately 10% of these cases involving congenital anomalies of the upper limb (CAUL).3,4

CAUL varies from minor isolated alterations with minimal impact on limb function to sig-
nificant changes affecting vital organs. Monitoring these anomalies can help reduce morbidity 
and mortality in affected patients.5

Prevalence studies are essential in epidemiology for planning preventive public health mea-
sures. Currently, there are no studies on the prevalence of congenital upper limb anomalies in 
Brazil. This study aims to fill that gap using data from a Brazilian database. Worldwide, sev-
eral databases monitor these anomalies, including the “Latin American Collaborative Study of 
Congenital Malformations,” a universal database in Latin America that supports clinical and 
epidemiological research.6

In Brazil, the Department of Informatics of the Unified Health System (DATASUS) under the 
Ministry of Health developed the “Live Birth Information System” (SINASC) in 1990 to collect 
epidemiological data on births nationwide. The standard document utilized is the “Live Birth 
Certificate” (DNV), which is mandatory for all live births regardless of delivery circumstances.7

Understanding the causes of CAs, especially those that are preventable, is crucial. Specific strat-
egies in health policies can elucidate the increase in the proportion of deaths caused by CAs. 
The chronic nature of CAUL incurs significant socioeconomic costs and necessitates long-term 
multidisciplinary care. Increased investment in support strategies for patients with CAs is nec-
essary, and further studies are needed to identify primary causes and associated factors.2
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ABSTRACT
BACKGROUND: Congenital Anomalies of the Upper Limb (CAUL) are a group of structural or functional 
abnormalities that develop during intrauterine life and can lead to limb dysfunction. 
OBJECTIVES: To analyze the prevalence of congenital anomalies of the upper limbs in Brazil and assess 
maternal and neonatal variables.
DESIGN AND SETTING: A cross-sectional, descriptive study was conducted on congenital upper limb 
malformations among live births across Brazil.
METHODS: The study spanned from 2010 to 2019. Data were sourced from the Department of Infor-
matics of the Unified Health System (DATASUS) and the Live Birth Information System (SINASC) portal. 
Analyses focused on the information reported in field 41 of the Live Birth Declaration Form entered into 
the computerized system.
RESULTS: The most common anomaly in Brazil was supernumerary fingers, classified as ICD-Q69.0, af-
fecting 11,708 children, with a prevalence of 4.02 per 10,000 live births. Mothers aged over 40 years had 
a 36% higher prevalence of having children with CAUL than mothers under 40 years old (OR = 1.36; 95% 
CI 1.19-1.56). Newborns weighing ≤ 2,499 g were 2.64 times more likely to have CAUL compared to those 
weighing ≥ 2,500 g (OR = 2.64; 95% CI 2.55-2.73).
CONCLUSION: There was an observed increase in the reporting of CAUL cases over the decade studied. 
This trend serves as an alert for health agencies, as understanding the prevalence of CAUL and its associ-
ated factors is crucial for preventive medicine.
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Epidemiological data on CAUL are vital for the develop-
ment, planning, and monitoring of public health strategies. 
Studies on etiology and prevention depend on high-quality 
epidemiological data.8 The accuracy of an epidemiological 
study hinges on understanding the studied population and 
the authenticity of the collected data.9 This study hypothesizes 
that the national prevalence data for CAUL are consistent with 
those collected globally. 

OBJECTIVE
The objective of this study was to analyze the prevalence of CAUL 
in Brazil from 2010 to 2019, utilizing the DATASUS database, 
and to evaluate the associated maternal and neonatal variables.

METHODS

Research design
This descriptive cross-sectional study examined cases of 
CAUL in newborns in Brazil from 2010 to 2019, adhering to 
the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.

Data-gathering period
Data were collected from September to October 2021 and 
extracted from the Department of Informatics of the Unified 
Health System - DATASUS (available at http://www2.datasus.
gov.br).10 This database compiles information from the man-
datory Live Birth Certificate (DNV) for all live births in Brazil, 
maintained in the SINASC system.

Selection criteria 
The study variables included demographic details, types of upper 
limb congenital anomalies, and maternal and newborn variables 
as recorded in DATASUS. The data from the live birth certificates, 
which contain 41 fields divided into seven blocks, were utilized. 
Field 41 specifies congenital anomalies as noted by the deliv-
ery personnel or a neonatologist. Following Chapter XVII, titled 
“Congenital Malformations, Deformities, and Chromosomal 
Abnormalit” all anomalies were recorded non-hierarchically, 
with a detailed description of the codes from the International 
Classification of Diseases (ICD-10).

Data-gathering
The Swanson classification was employed to categorize 
CAUL,11 grouping similar deficiency patterns based on spe-
cific embryological faults. The categories included: (I) failure 
of formation, (II) failure of differentiation, (III) duplication, 
(IV) overgrowth, (V) undergrowth, (VI) congenital constric-
tion band syndrome, and (VII) generalized skeletal abnormal-
ities. Anomalies were grouped according to their correspond-
ing ICD-10 codes.

All ICD-10 codes corresponding to CAUL diagnosed at birth 
were selected. Diagnoses were grouped to categorize anomalies 
according to related pathologies (Table 1).

The variables of interest selected for analysis pertained to the 
period and place of birth, maternal data (age, education, gesta-
tional duration, type of delivery, type of pregnancy, and prenatal 
visits), and newborn variables (Apgar scores at 1 and 5 min, sex, 
birth weight, and race/ethnicity).

Table 1. ICD-10 grouping in relation to the type of CAUL Brazil, 2010-2019
* CAUL ** ICD-10

Training Deficiency

Q71.0 - Complete congenital absence of the upper limb(s)
Q71.1 - Congenital absence of the arm and forearm, with hand presente
Q71.2 - Congenital absence of the forearm and hand
Q71.3- Congenital absence of the hand and finger(s)
Q71.4 - �Radius longitudinal reduction defect  

Club hand (congenital) / Radial hand
Q71.5 - Longitudinal reduction defect of the ulna [ulna]
Q71.6 - Lobster claw hand
Q71.8 - �Other upper limb reduction defects  

Congenital shortening of the upper limb(s)
Q71.9 Defect due to reduction of the upper limb, unspecified

Differentiation Deficiency 
Q70.0- Coalescence of the fingers (fused fingers)/Complex syndactyly of the fingers with synostosis
Q70.1 - Webbed fingers / Simple syndactyly of the fingers without synostosis
Q70.4- Polysyndactyly

Duplication Deficiency
Q69.0- Supernumerary finger(s)
Q69.1 - Supernumerary thumb(s)

Widespread anomalies
Q68.1 - Other congenital musculoskeletal deformities - Congenital hand deformity
Q74.0 - Other congenital malformations of the upper limb(s), including the shoulder girdle
Q74.3 - Multiple arthrogryposis congenita

http://www2.datasus.gov.br
http://www2.datasus.gov.br
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Data processing and analysis
Data were collected between February and June 2022. Based on 
these data, the total prevalence of CAUL in DATASUS from 
2010 to 2019, as well as the specific prevalence according to 
maternal and newborn variables, were calculated using the fol-
lowing formula: 

Number of malformed live births in the period 2010 − 2019 × 10.000
Number of live births in the in the period 2010 − 2019

Data were extracted, organized, and encoded in a spread-
sheet using Microsoft Excel, version 16.0, developed by Microsoft 
(Redmond, Washington, United States), and then processed using 
the Statistical Package for the Social Sciences (SPSS) software, 
version 23.0, developed by International Business Machines 
Corporation (IBM) (New York, United States).

Due to the limitations of individualized data, a linear trend 
model was applied. The three-point moving average (MM (3)) 
smoothing method was utilized to enhance the visualization of 
the linear trend. Simple univariate linear regression analysis was 
conducted for predictive modeling and to estimate future values. 
No discernible patterns of cyclic or irregular components were 
identified during the subjective analysis of the graph; therefore, no 
cyclical analysis was performed. As the source data were annual, it 
was impossible to identify a seasonal component throughout the 
year. Each year of occurrence was used as the independent vari-
able, and the ratio of live births with upper limb malformations 
to the total number of live births per year was used as the depen-
dent variable. An overall analysis was conducted for Brazil, and 
a regional analysis was performed for the country (North, South, 
East, and West). For statistical inference, a statistically significant 
difference was considered at a type I error rate of P < 0.05.

This study was submitted to and approved by the Research 
Ethics Committee of the Federal University of São Paulo (UNIFESP) 
with the approval number 5.036.478.

RESULTS
Between 2010 and 2019, Brazil registered 29,157,184 live births, 
of which 238,571 had general CAs. The Southeast region recorded 
the highest number of live births, while the Central-West had the 
fewest during this period.

In total, 216,801 congenital anomalies were identified, includ-
ing 21,770 cases of CAUL. The anomalies were categorized into 
four types based on related pathologies: formation defects, with 
3,938 cases (18%); differentiation, with the fewest cases at 1,572 
(7.2%); duplication, encompassing the majority with 12,012 cases 
(55.0%); and generalized anomalies, with 4,248 cases (19.5%).

The number of newborns with CAUL was analyzed separately 
by ICD codes and country. The national prevalence of CAUL was 

7.5 per 10,000 LBs. The most prevalent anomaly was supernu-
merary fingers, represented by ICD-Q69.0, affecting 11,708 chil-
dren (a prevalence of 4.02 per 10,000 live births). In contrast, the 
anomaly with the lowest national prevalence was the longitudi-
nal reduction defect of the ulna, represented by ICD-Q71.5, with 
a prevalence of 0.01 per 10,000 live births (Table 2).

Regional prevalence of CAUL per 10,000 LBs by ICD-10 code 
from 2010 to 2019, showed the Southeast having the highest rate of 
9.15. The Northeast had the second-highest prevalence (Table 2).

The anomaly of supernumerary fingers (ICD-Q69.0) had the 
highest regional prevalence in the Southeast, at 5.34 per 10,000 LBs. 
The congenital hand deformity (ICD-Q68.1), the second most 
prevalent anomaly nationwide, had its highest prevalence in the 
Southern region, at 1.14 per 10,000 live births (Table 3).

Duplication defects, representing a group of CAUL, had the 
highest prevalence in all studied years, increasing from 3.6 cases 
per 10,000 LBs in 2010 to 4.8 in 2019. 

Maternal and newborn variables were analyzed and are detailed 
in Tables 4 and 5. Concerning maternal age at the time of deliv-
ery, the majority of cases did not specify the age; however, children 
born to mothers over 40 years old exhibited a prevalence 1.36 times 
(or 36%) higher than those born to mothers under 40 years of age 
(OR = 1.36; 95% CI 1.19-1.56). 

In terms of delivery type, Cesarean sections accounted for 
12,418 cases of CAUL, with a prevalence of 7.6 per 10,000 LBs. 
In these cases, the prevalence of children born with CAUL was 
1.07 times (or 7%) higher than in those born via spontaneous deliv-
ery (OR = 1.07; 95% CI 1.04-1.10). The number of prenatal visits 
was often unknown. Mothers who had three or fewer prenatal visits 
showed a 1.37 times (or 37%) higher prevalence of having children 
with CAUL compared to mothers who had four or more prena-
tal visits (OR = 1.37; 95% CI 1.27-1.48). Mothers with 11 years of 
education or less had a 1.22 times (or 22%) higher prevalence of 
having children with CAUL compared to those with 12 or more 
years of education (OR = 1.22; 95% CI 1.18-1.27).

Mothers with a gestational duration of 36 weeks or less were 
1.89 times (or 89%) more likely to have children with CAUL than 
those with a gestational duration of 37 weeks or more (OR = 1.89; 
95% CI 1.82-1.96). In cases of multiple pregnancies, such as twins or 
triplets, the prevalence of children born with CAUL was 1.29 times 
(or 29%) higher than in single pregnancies (OR = 1.37; 95% CI 
1.27-1.48) (Table 4).

When analyzing newborn variables related to birth weight, 
the highest prevalence of CAUL was observed in children weigh-
ing ≤ 2,499 g. Newborns in this weight range had a prevalence 
2.64 times (or 64%) higher for CAUL compared to newborns with 
a birth weight ≥ 2,500 g (OR = 2.64; 95% CI 2.55-2.73).

Male newborns exhibited a 23% higher prevalence of CAUL than 
female newborns (OR = 1.23; 95% CI 1.17-1.30). Black newborns 
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Table 2. Prevalence of congenital malformations of the upper limbs by regions of Brazil for every 10 thousand LB (2010-2019)

(*) LB= live births; (*) CAUL=congenital anomaly of the upper limbs

ICD – CAUL

Regiões do Brasil

North Northeast West Central Southeast South Total

LB*

3.127.884 8.286.407 2.371.666 11.482.289 3.888.938 29.157.184

CAUL (**) CAUL (**) CAUL (**) CAUL (**) CAUL (**) CAUL (**) Prevalence

Q69.0- Supernumerary finger(s); 441 3.435 731 6.137 964 11.708 4,02

Q68.1 - Congenital hand deformity; 215 682 212 1.104 443 2.656 0,91

Q71.3 - Congenital absence of the hand and finger(s); 147 392 169 724 280 1.712 0,59

Q74.0- Other Congenital Malformations of the Upper Limbs 136 283 72 583 149 1.223 0,42

Q71.8- Other upper limb reduction defects. Congenital 
shortening of the upper limb(s);

67 157 51 331 110 716 0,25

Q70.4- Polysyndactyly 44 143 40 271 109 607 0,21

Q70.0- Coalescence of the fingers - Complex syndactyly of 
the fingers with synostosis

43 152 51 245 99 590 0,20

Q719-Defect of upper limb reduction, unspecified. 55 123 37 246 75 536 0,18

Q71.2- Congenital absence of the forearm and hand 31 92 30 159 72 384 0,13

Q70.1- Webbed fingers Simple syndactyly of the fingers 
without synostosis

24 124 39 146 42 375 0,13

074.3- Multiple Congenital Arthrogryposis 20 123 15 161 50 369 0,13

Q69.1- Supernumerary thumb(s) 20 59 32 150 43 304 0,10

Q71.6- Lobster claw hand 28 63 16 91 30 228 0,08

Q71.0- Complete congenital absence of the upper limb(s) 19 47 20 67 22 175 0,06

Q71.4- Radius longitudinal reduction defect | Club hand 
(congenital) | Radial hand

09 18 06 50 10 93 0,03

Q71.1- Congenital absence of the arm and forearm, with 
hand present

05 16 08 24 07 60 0,02

Q71.5- Longitudinal reduction defect of the ulna [ulna]; 02 06 04 18 04 34 0,01

Total 1.306 5.915 1.533 10.507 2.509 21.770 7,5

Table 3. Prevalence de CAUL by region (per 10,000 LB) by ICD-10 code between 2010 and 2019

CAUL* N NE WC SE S

Q69.0- Supernumerary finger(s); 1,41 4,15 3,08 5,34 2,48

Q68.1 - Congenital hand deformity; 0,69 0,82 0,89 0,96 1,14

Q71.3 - Congenital absence of the hand and finger(s); 0,47 0,47 0,71 0,63 0,72

Q74.0- Other Congenital Malformations of the Upper Limbs 0,43 0,34 0,30 0,51 0,38

Q71.8- Other upper limb reduction defects. Congenital shortening of the upper limb(s); 0,21 0,19 0,22 0,29 0,28

Q70.4- Polysyndactyly 0,14 0,17 0,17 0,24 0,28

Q70.0- Coalescence of the fingers - Complex syndactyly of the fingers with synostosis 0,14 0,18 0,22 0,21 0,25

Q719-Defect of upper limb reduction, unspecified. 0,18 0,15 0,16 0,21 0,19

Q71.2- Congenital absence of the forearm and hand 0,10 0,11 0,13 0,14 0,19

Q70.1- Webbed fingers Simple syndactyly of the fingers without synostosis 0,08 0,15 0,16 0,13 0,11

074.3- Multiple Congenital Arthrogryposis 0,06 0,15 0,06 0,14 0,13

Q69.1- Supernumerary thumb(s) 0,06 0,07 0,13 0,13 0,11

Q71.6- Lobster claw hand 0,09 0,08 0,07 0,08 0,08

Q71.0- Complete congenital absence of the upper limb(s) 0,06 0,06 0,08 0,06 0,06

Q71.4- Radius longitudinal reduction defect | Club hand (congenital) | Radial hand 0,03 0,02 0,03 0,04 0,03

Q71.1- Congenital absence of the arm and forearm, with hand present 002 0,02 0,03 0,02 0,02

Q71.5- Longitudinal reduction defect of the ulna [ulna]; 0,01 0,01 0,02 0,02 0,01

Regions of Brazil N- North; NE- northeast; CO- west center; SE- Southeast; S – South
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had an 88% higher prevalence of CAUL compared to newborns of 
other races (OR = 2.88; 95% CI 2.74-3.03). Regarding the Apgar 
score, the highest prevalence of CAUL was noted when the score 
was ≤ 7 at both the first (OR = 2.19; 95% CI 2.12-2.26) and fifth 
minutes (OR = 4.30; 95% CI 4.10-4.50) (Table 5).

Through linear trend and moving average (MA) analysis of 
cases, an increase in prevalence was observed during the study 
period, with approximately 2.2 CAUL cases per 10,000 LBs when 
comparing 2010 and 2019. Linear regression analysis of the adjusted 
data for prevalence per 10,000 LBs showed an increase of 0.185 per 
year, with a standard error of 0.021. Thus, there was a linear trend 
of an increase in the prevalence of 0.206 (95% CI 0.133–0.237) 
CAUL per 10,000 LBs per year (P < 0.001). Notably, graph visual-
ization demonstrated a linear trend component of increased CAUL 
prevalence when analyzing raw data over the years and smoothed 
moving averages (Figure 1). Remarkably, the graph visualization 
showed a linear trend component of increased CAUL prevalence 
when analyzing raw data over the years and the smoothed mov-
ing average (Figure 2).

DISCUSSION
This study represents the first prevalence analysis of CAUL in 
Brazil, utilizing a national database to identify associated fac-
tors in newborns (NBs) and mothers. The national prevalence 
of upper limb anomalies between 2010 and 2019 was 7.5 per 
10,000 LBs.

Several studies have examined the prevalence of CA in large 
populations. For instance, an assessment in New York, United 
States, based on state data, evaluated 4,883,072 children from 1992 

Tabela 4. Prevalence of CAUL according to maternal variables 
in Brazil for every 10,000 LB - 2010-2019

Variables Prevalence
IC* 95%

Inferior limit Upper limit
Mother’s Age

20-34 2 2 2,13
35-49 2 1,87 2,2
40-44 2,7 2,4 3,18
45-50 4,2 2,31 6,23

Type of birth
Cesarean section 7,6 7,55 7,82
Vaginal 7,1 7,03 7,32

Consultations/prenatal care
1 to 3 3 2,77 3,27
4 to 6 2,3 2,26 2,49
≥ 7 1,9 1,88 2,01

Mother’s Education
1 to 3 years 6,9 6,46 7,53
4 to 7 years 7,5 7,34 7,8
8 to 11 years old 7,9 7,77 8,04
≥ 12 years 6,3 6,15 6,59

Length of Pregnancy
< 37 weeks 12,9 12,57 13,38
37 to 41 weeks 6 6,77 6,98
≥ to 42 weeks 6,9 6,38 7,56

Type of Pregnancy
Only 7,4 7,32 7,52
Multiple 9,5      8,77 10,36

(*) CI – Confidence interval

Tabela 5. Prevalence of CAUL according to newborn variables 
in Brazil per 10,000 LB (2010-2019)

Variables Prevalence
 IC 95% 

Inferior limit Upper limit
Birth weight

≤ 2499 g 17,6 17,08 18,15
2500 a 3999 g 6,5 6,42 6,62
≥ 4000 g 6 6,2 7,05

Sex
Male 2,3 2,27 2,43
Female 1,9 1,83 1,98

Race
White 6 6,66 6,97
Black 12 12,18 13,37
brown 7,5 7,37 7,56
Yellow 6 4,84 7,9
Indigenous 4 3,94 5,8

Apgar 1st minute
≤ 7 14 13,95 14,74
> 7 6 6,47 6,67

Apgar 5th minute
≤ 7 30 28,76 31,43
> 7 7 6,92 7,12

(*) IC- Confidence interval
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Source: DATASUS, SINASC 2010-2019
Legend: Blue Line – annual prevalence; Red dashed line – moving average

Figure 1. Linear trend based on the moving average – prevalence of 
CAUL for every 10,000 LB (2010-2019) 
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to 2010, finding a CAUL prevalence of 27.2 cases per 10,000 births.12 
Another study on the epidemiology of congenital limb anomalies in 
Japan estimated a prevalence of 4.15 per 10,000 LBs.13 In Finland, 
the national incidence of CAUL was observed at 5.25 per 10,000 LBs 
between 1993 and 2005, with these anomalies often associated 
with other congenital disabilities in up to two-thirds of cases.14

The data presented in this study are consistent with global 
findings on CAUL prevalence. In our analysis, the ICD code for 
supernumerary fingers (Q69.0) had the highest absolute number 
of cases with 11,708 and the highest prevalence at 4.02 cases per 
10,000 LBs, comparable to findings in New York, where polydac-
tyly was the most common CAUL, totaling 12,418 cases at a rate 
of 23.4 per 10,000 LB.12

Our study also analyzed maternal and newborn factors and 
their associations with CAUL. The findings indicate higher rates 
of CAUL in mothers over 40 years old, in preterm births (before 
37 weeks), during multiple pregnancies, and among women who 
had fewer than seven prenatal visits. 

In Tangará da Serra, Brazil, between 2006 and 2016, a study 
demonstrated a higher prevalence of CAs in newborns of mothers 
over 35 years old, an expected finding as maternal age is a primary 
risk factor for chromosomal anomalies.15

From 2010 to 2014, São Paulo reported 819,018 live births, 
14,657 (1.6%) of which had CAs, predominantly osteoarticular 
and circulatory. An association was observed between congeni-
tal anomalies and maternal age over 40 years, multiple pregnan-
cies, and newborns with low birth weight16, which aligns with 
our own results.  

5

5,5

6

6,5

7

7,5

8

8,5

9

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Source: DATASUS, SINASC 2010-2019
Legend: Blue Line – annual prevalence; Green Line – Model; Red line – 
Adjusted model

Figure 2. Linear trend - prevalence of CAUL for every 10,000 live births 
(2010-2019)

Examining factors associated with newborns, we found higher 
prevalence rates in those with low birth weight (< 2,500 g), male 
gender, Black race, and Apgar scores at both the 1st and 5th minute 
of ≤ 7. A study in Peru from 2009 to 2019 analyzed predictors of low 
Apgar scores and found that 65.3% of neonates with persistently low 
scores at 5 minutes had congenital anomalies, indicating a significant 
risk factor for low scores (OR = 5.81; P < 0.01). Notably, higher per-
centages of congenital anomalies were observed in newborns with 
birth weights < 1499 g (32.7% vs. 2.7%) and 1500–2499 g (11.9% 
vs. 7.2%) compared to controls, showing that birth weights < 1499 g 
(OR = 18.77; P < 0.01) and 1500–2499 g (OR = 2.51; P < 0.01) are 
significant risk factors for low Apgar scores.25

Between 2005 and 2014, 1,386,803 births occurred in Rio Grande 
do Sul, with diagnosed CA cases corresponding to an average overall 
rate of 9.2 per thousand. Higher rates of CAs were noted in mothers 
of newborns with Apgar scores less than 7, birth weights ≤ 1,500 g, 
and gestational ages ≤ 31 weeks. CAs were most frequently found 
in the intermuscular, nervous, and circulatory systems.17

In a study conducted in Rio de Janeiro between 1990 and 
2002, the incidence of CAs in male newborns was higher, partic-
ularly in those born before 37 weeks with a birth weight of less 
than 2,500g19. Another study in Vale Paraíba Paulista identified a 
statistically significant association between gestational duration 
(< 37 weeks), lower Apgar scores (< 7), low birth weight (< 2,500 g), 
and CAs (P < 0.001).18

Several instruments are available for collecting epidemiological 
data to integrate and unify information on notifications of congeni-
tal anomalies. Established in 1974, the “International Clearinghouse 
for Birth Defects Surveillance and Research” (ICBDSR) aims to 
prevent congenital disabilities and currently includes 42 member 
programs worldwide.21 EUROCAT, a European network for epi-
demiological surveillance founded in 1979, now has 21 partici-
pating countries.23 This system has developed and matured over 
the past two decades through the standardization of definitions, 
diagnoses, and terminology.24

In Latin America, the Collaborative Latin American Study of 
Congenital Malformations, founded in 1967, covers South America, 
Costa Rica, and the Dominican Republic, employing a case-control 
methodology.20 However, a significant limitation in Brazil is the 
low participation of national maternity hospitals in this program, 
with only four of the 35 registered hospitals located in Brazil.22

We utilized data from DATASUS via the SINASC portal, a 
nationwide computerized data collection system where all birth-re-
lated data in Brazil are recorded. Given the country’s vast size, this 
method offers rapid and convenient data collection and integra-
tion for public health, facilitating better analysis.  

This study has limitations that should be considered when 
interpreting the results. Despite its nationwide scope and manda-
tory reporting, the SINASC database may contain inconsistencies, 
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such as possible duplications, and does not allow for the individ-
ualization of cases, which would enable a more detailed statistical 
analysis of variables. 

The cross-sectional nature of the study and the lack of indi-
vidual case details regarding the exposure factor and disease at a 
specific time prevent establishing any cause-and-effect relation-
ship between congenital anomalies and the analyzed variables. 

The results underscore the significance of this research by pro-
viding a representative overview of the burden of CAUL among live 
births in Brazil. Multiple analyses facilitated an understanding of 
the variables associated with congenital anomalies. Enhancing the 
diagnosis of CAUL and ensuring the accurate completion of the 
Live Birth Certificate (DNV) through the ongoing education of 
health professionals responsible for record-keeping is a strategy that 
should be implemented by the Health Departments of Brazilian 
states to minimize the incidence of missing or inaccurate data, 
thereby reducing underreporting.

This nationwide study was conducted in a country with a con-
tinental span. Nearly 30 million cases over ten years were ana-
lyzed. A national computerized reporting system that allows for 
the rapid and precise exchange of information across distant states 
and municipalities is invaluable.

CONCLUSION
The prevalence of CAUL in Brazil between 2010 and 2019 was 
7.5 per 10,000 LBs. ICD Q69.0, representing supernumerary fin-
gers, is the most common CAUL in our population. The maternal 
factors associated with CAUL included being under 40 years of 
age, undergoing cesarean delivery, having fewer than three pre-
natal consultations, having less than 11 years of education, a ges-
tational age of 36 weeks or less, and experiencing multiple preg-
nancies. For newborns, associated factors included a birth weight 
of 2,500 grams or less, male gender, Black race, and Apgar scores 
of 7 or less at both the 1st and 5th minutes.

A consistent upward trend in CAUL case reports has been 
observed over the past decade. This study can inform more effec-
tive public health policy strategies. However, further research is 
essential to enhance our understanding of the underlying causes 
of the increase in CAUL cases, particularly concerning supernu-
merary fingers and their implications.
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Burden of metabolic syndrome on primary healthcare costs 
among older adults: A cross-sectional study
Suelen Jane RicardoI, Monique Yndawe Castanho AraujoII, Lionai Lima dos SantosIII, Marcelo RomanziniIV, Rômulo Araújo FernandesV, 
Bruna C. Turi-LynchVI, Jamile Sanches CodognoVII

Presidente Prudente, SP, Brazil

INTRODUCTION
Metabolic syndrome (MetS) is a complex disorder characterized by a set of cardiovascular risk 
factors.1-4 According to the National Cholesterol Education Program’s Adult Treatment Panel 
III,1 the diagnosis of MetS is made by altering at least three of these components: abdominal 
obesity, high triglycerides (TG), low high-density lipoprotein (HDL), high blood pressure (BP), 
and high fasting blood glucose levels.1

Diabetes mellitus (DM), arterial hypertension (AH), and cardiovascular diseases (CVDs), in 
isolation, are known as public health problems responsible for high mortality rates worldwide.1-5 
There are indications that MetS, in most cases, foreshadows some CVDs,6-8 which are responsi-
ble for the highest mortality rate (31% worldwide) according to the World Health Organization.4 
People with MetS are more likely to have CVD than those without MetS (45.6% versus 8.6%, 
P < 0.0001) and show increased mortality risk of CVD.7 Another concern related to MetS is its 
increasing prevalence worldwide,9-11 which is a concerning phenomenon observed in both devel-
oped (Korea and United States)9,10 and developing nations (Brazil and India).3,11

In fact, the components of MetS contribute negatively to the economy.11,12 In the United States, 
patients with hypertension have generated an annual expenditure of approximately US$ 2,000 higher 
than people without the disease.13 In Brazil, a follow-up study identified that patients with DM 
spend approximately 41% more on health services when compared with individuals without DM.12 
In contrast, the economic burden of MetS has been less investigated, mainly in developing nations.

Moreover, the literature confirms the positive impact of physical activity on the control of 
the different components of MetS14 and the mitigation of healthcare costs attributed to the treat-
ment of diseases related to MetS,15 but its impact on the relationship between MetS and health-
care costs is not clear.
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ABSTRACT
BACKGROUND: The impact of metabolic syndrome (MetS) on healthcare costs remains unclear in the literature.
OBJECTIVES: To determine the impact of MetS on primary healthcare costs of adults, as well as to identify 
the impact of physical activity and other covariates on this phenomenon.
DESIGN AND SETTING: This cross-sectional study was conducted in the city of Presidente Prudente, State 
of São Paulo/Brazil, in 2016.
METHODS: The sample comprised 159 older adults (> 50 years) of both sexes (110 women) who were iden-
tified from their medical records in the Brazilian National Health Service. Healthcare costs (US$) were as-
sessed through medical records and divided into medical consultations, medications, laboratory tests, and 
total costs. MetS was assessed using medical records.
RESULTS: The Brazilian National Health Service spent more on consultations (US$ 22.75 versus US$ 19.39; 
+ 17.3%) and medication (US$ 19.65 versus US$ 8.32; + 136.1%) among adults with MetS than among 
those without MetS, but the costs for laboratory tests were similar (P = 0.343). Total costs were 53.9% high-
er in adults with MetS than in those without the diagnosis of the disease (P = 0.001). Regarding total costs, 
there was an increase of US$ 38.97 when five components of MetS were present (P = 0.015), representing 
an increase of approximately 700%, even after adjusting for sex, age, and physical activity. 
CONCLUSION: In conclusion, the presence of the MetS is responsible for increasing primary care costs 
among older adults, especially in those related to medicines.
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OBJECTIVE
This study aimed to determine the impact of MetS on the pri-
mary healthcare costs of older adults from the Brazilian National 
Health System and to identify the impact of physical activity and 
other covariates on this phenomenon.

METHODS

Study Population 
This cross-sectional study, conducted in March 2016, is the 
sixth data collection of a cohort study performed in the city of 
Presidente Prudente, Western State of São Paulo, Brazil (popu-
lation estimated at ~  200,000 inhabitants and human develop-
ment index of 0.806).16 Data collection was conducted in two 
Basic Healthcare Units (BHUs) designated by the Municipality 
Administration (Municipal Health Department). BHUs are 
health facilities spread out in different areas of the city, offering 
primary health services (e.g., vaccination, consultations, medicine 
delivery) and representing the most distal arm of the Brazilian 
National Health System (maintained by the Federal Government, 
offering free of charge primary [BHU], secondary [hospital], and 
tertiary services [hospital] for more than 200 million citizens). 
This study was approved by the Research Ethics Committee 
of the Faculty of Science and Technology of the Universidade 
Estadual Paulista (UNESP) and Presidente Prudente Campus 
(CAAE: 13750313.2.0000.5402; date: 04/05/2013).

The sample size was based on the study by Boudreau et al.,17 
which compared primary care costs according to the presence 
(US$  813.00/year) and absence (US$  625.00/year) of MetS 
(US$ 88.00 difference between groups). Thus, with an expected 
difference of US$ 88.00, statistical power of 80%, alpha error of 5%, 
and standard deviations (presence MetS US$ 197.00 and absence 
MetS US$ 171.00), the minimum sample size estimated for each 
group was 69 participants (138 total).

The inclusion criteria were: i) active registration at the BHU 
for at least 1 year, ii) age > 50 years, iii) participation in the previ-
ous five data collections, and iv) signing a written consent form.

Dependent Variable

Direct costs with health services
The treatment costs for each patient in the BHUs were verified 
through medical records in a time horizon of 12 months prior to 
data collection.18,19

Information regarding the number and types of consultations, 
laboratory tests, and medications was obtained. Additionally, to 
calculate the consultation costs used at the BHU, costs of other 
services (e.g., attendance services, utility bills, and dispensed med-
ication) were added.

Monetary values were estimated from the perspective of the 
SUS based on the sum of resources used directly in the treatment 
of the patient, and micro-costing (bottom up) approaches were 
used to estimate costs.20 

The cost calculation for each health service was based on the 
methodology described below:18,19,21,22

I.	 Medical consultations: Costs were retrieved from the SUS 
System Management Procedures Table (SIGTAP), provided 
by the Ministry of Health.

II.	 Attendance services (e.g., scheduling, medication dispensing, 
and management): Costs were calculated using the daily sal-
ary rate of the professionals involved in the services provided 
(monthly salary divided by 30 d) and the average number of 
patients visiting daily (daily salary rate divided by the number 
of daily visits).

III.	Utility bills of the healthcare unit (electricity, water, and tele-
phone): Costs were calculated using the average of the last 3 
months for each utility bill divided by 30 d. The utility bill 
value was divided by the number of patients visiting daily.

IV.	 Medications dispensed, specific consumables, and diagnostic 
services (laboratory tests and others): Costs were calculated 
by multiplying the specific cost of each standard procedure by 
the number of procedures performed.

V.	 Medication and laboratory test costs were calculated as the 
specific cost of each standard procedure multiplied by the 
number of procedures performed.

Information regarding salaries, costs of laboratory tests, med-
ications, and utility bills was provided by the Municipal Secretary 
of Health. To convert this information into current values (R$), 
values referring to the year of the purchase were informed by the 
Municipal Health Department. Monetary values were updated in 
accordance with the official Brazilian inflation index (IPCA) and 
converted into US dollars (US$) using the official exchange rate on 
July 10, 2020, published by the Central Bank of Brazil.23

Independent Variables

MetS Components
To check for the presence of MetS, we considered the following 
criteria:1 Levels of glucose, HDL, and TG were analyzed through 
blood collection after 12 h of fasting (performed and analyzed 
by a licensed laboratory that follows clinical standard guidelines, 
located in the city of Presidente Prudente). Cutoff point was 
established as glucose ≥ 110 mg/dL; TG ≥ 150 mg/dL; and HDL 
< 40 mg/dL for men or < 50 mg/dL for women. For central obe-
sity, waist circumference (WC) was measured following the pro-
tocol of Lohman, Roche, Martorell (1988),24 with cutoff points 
of 102  cm for men and 88  cm for women.1 Systolic (SBP) and 
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diastolic (DBP) blood pressure was assessed with the individ-
ual at rest, following the recommendations of the 7th Brazilian 
Guideline for Arterial Hypertension.25 The cutoff point was 
established as SBP ≥ 130 mmHg/DBP ≥ 85 mmHg.

Patients were classified into two groups: i) “presence of MetS” when 
three or more altered components were observed, and ii) “absence of 
MetS” when two or fewer altered components were observed.

Covariates
Patients reported their age and sex. For statistical analyses, indi-
viduals were classified as under or over 65 years old. WC, SBP, and 
DBP were assessed by the research team. Nutritional status was 
assessed using the body mass index (BMI), calculated by divid-
ing the weight (kg) by the square of the height (m). Overweight 
was considered when the BMI showed values between 25 and 
29.9 kg/m² and obesity when BMI was ≥30 kg/m².26

Habitual physical activity (HPA) was verified through a ques-
tionnaire validated for Brazilian Portuguese,27 involving three com-
ponents and 16 questions: occupational physical activity (questions 
1 to 8), physical exercise practiced during leisure time (questions 
9 to 12), and physical activity during leisure time and locomotion 
(questions 13 to 16). The answers were reported on a Likert scale, 
and the sum of the points was transformed into a score correspond-
ing to the participants’ HPA.27 The possible HPA score ranged from 
3 to 15. The higher the total score obtained with the sum of the 
three domains, the greater was the HPA level.

Statistical analysis
Descriptive analyses included numerical and categorical data pre-
sented as median values and interquartile ranges. The Kolmogorov–
Smirnov normality test was applied, and the Kruskal–Wallis and 
Mann–Whitney tests were used to detect differences between the 
two groups. Quantile regression was used to compare healthcare 
costs according to the number of MetS components, adjusting for 
covariates (differences are expressed as coefficients and their 95% 
confidence intervals [95% CI]). In this study, the independent vari-
able (components of MetS) was composed of six groups (sum var-
ied from 0 to 5, regardless of which component) to verify how each 
group of the independent variable affected the dependent variable 
(healthcare costs) in comparison with a reference group (0 com-
ponents). The values of the dependent variables represent the 50th 
percentile. Statistical significance (P  value) was pre-fixed at val-
ues below 5%, and software used was Stata 16.0 statistical software 
(StataCorp LLC, Texas, United States).

RESULTS
The sample consisted of 159 patients, 110 women (69.2%) and 49 
men (30.8%), with a mean age of 64.06 (8.65) years (74 partici-
pants met the criteria for “presence of MetS” [48%]).

Adults with MetS were older and heavier than those with-
out the diagnosis of the disease (Table 1). Moreover, markers 
of obesity, abdominal obesity, and AH were poorly controlled 
in adults with MetS. Physical activity was similar across the 
groups (P = 0.638).

The overall costs of these adults were US$ 32,401.58, being 28% 
higher in adults with MetS (US$ 14,156.84 versus US$ 18,244.74). 
Brazilian National Health System spent more with consultations 
(US$ 22.75 versus US$ 19.39; + 17.3%) and medication (US$ 19.65 
versus US$ 8.32; + 136.1%) among adults with MetS than among 
those without MetS; however, the costs for laboratory tests were 
similar (P = 0.343). Average total costs were 53.9% higher in 
adults with MetS than in those without the diagnosis of the dis-
ease (P = 0.001) (Table 2).

When the difference between costs was considered, in addition 
to the presence of MetS and sex, it was found that women with 

Table 1. Sample characteristics according to presence and absence of 
MetS (Presidente Prudente, 2018)

Metabolic Syndrome

P value*
Absence  
(n = 85)

Presence  
(n = 74)

Median (IR) Median (IR)
Numerical Variables  

Age (Years) 61.28 (11.34) 65.38 (11.89) 0.036
Weight (Kg) 67.10 (19.30) 74.60 (17.40) 0.001
BMI (Kg/m²) 26.53 (5.50) 30.75 (7.00) 0.001
WC (cm) 92.00 (15.10) 101.50 (14.30) 0.001
SBP (mm/Hg) 123.00 (21.00) 134.50 (26.00) 0.001
DBP (mm/Hg) 74.00 (16.00) 78.00 (12.00) 0.031
HPA (score) 6.37 (1.80) 6.37 (1.90) 0.638

Categorical Variables % (n) % (n) P value**
AH 41.0 (32) 59.0 (46) 0.003
Low HDL-c 30.7 (31) 69.3 (70) 0.001
High TG 10.8 (7) 89.2 (58) 0.001
High Glucose 19.5 (8) 80.5 (33) 0.001
WC (abdominal obesity) 34.4 (33) 65.6 (63) 0.001

*Mann–Whitney test; **Chi-square test; IR = interquartile range; BMI = body mass 
index; WC = waist circumference; SBP = systolic blood pressure; DBP = diastolic 
blood pressure; AH = arterial hypertension; HPA = habitual physical activity; 
HDL-c = high density lipoprotein cholesterol; TG = triglycerides.

Table 2. Healthcare costs based on presence of metabolic syndrome 
(Presidente Prudente, 2018)

Health expenditures  

Metabolic Syndrome

P value*
Absence  
(n = 85)

Presence  
(n = 74)

Median (IR) Median (IR)
Consultation 19.39 (13.26) 22.75 (15.37) 0.014
Laboratory tests 0.0 (13.53) 0.0 (14.46) 0.343
Medication 8.32 (17.35) 19.65 (26.67) 0.001
Total 35.15 (31.91) 54.13 (48.25) 0.001

*Mann–Whitney’s test; IR = interquartile range; MetS = metabolic syndrome.
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MetS spent more on the Brazilian National Health System with 
consultations (+ 34.6% than men and + 24.6% than other women 
without MetS), medications (+ 49.3% than men and + 67.6% 
than other women without MetS), and total (+ 249.8% than 
men and + 175.2% than other women without MetS) (Table 3). 
When the age of the individuals was considered, it was found 
that, in the presence of MetS, those aged < 65 and > 65 years 
spent more on healthcare than those aged < 65 years without 
MetS (best scenario) (Table 4).

In the quantile regression analysis (Table 5), when three or 
more components of MetS were present, there was a significant 

increase in medication costs. In detail, there was an increase of 
US$ 14.74 when three components of the MetS were present (71%; 
P = 0.040), US$ 14.88 when four components were present (72%; 
P = 0.047), and US$ 28.25 when five components were present 
(220%; P = 0.02).

Regarding total costs, there was an increase of US$ 38.97 when 
five components of MetS were present (P = 0.015; compared to the 
presence of one component), representing an increase of approxi-
mately 700%, even after adjustments for sex, age, and HPA. However, 
when analyzing the effect of individual covariates on costs, there 
was no significant difference.

Table 3. Healthcare costs according to sex and the presence of metabolic syndrome (Presidente Prudente, 2018)

Health expenditures

Metabolic Syndrome

P value*
Absence Presence 

Men (n = 29) Women (n = 56) Men (n = 20) Women (n = 54)
Median (IR) Median (IR) Median (IR) Median (IR)

Consultation 16.44 (12.71) 17.76 (10.87) 15.50 (12.23) 22.13 (13.85)a,b,c 0.005
Laboratory tests 0.0 (14.67) 0.0 (10.37) 0.0 (12.30) 0.0 (12.74) 0.441
Medication 6.04 (13.16) 7.68 (17.07) 12.30 (17.85) 21.13 (24.57)a,b 0.001
Total 34.27 (35.05) 30.53 (23.86) 36.02 (28.79) 51.17 (40.13)a,b 0.001

*Kruskal–Wallis’s test; IR = interquartile range; MetS = metabolic syndrome; a = different from the group Absence and Men; b = different from the group 
Absence and Women; c = different from the group Presence and Men.

Table 4. Healthcare costs according to age and presence of metabolic syndrome (Presidente Prudente, 2018)

Health expenditures  

Metabolic Syndrome

P value*
Absence Presence 

< 65 years (n = 54) > 65 years (n = 31) < 65 years (n = 36) > 65 years (n = 38)
Median (IR) Median (IR) Median (IR) Median (IR)

Consultation 15.93 (13.01) 18.66 (9.12) 21.46 (15.06)a 19.31 (13.13)a 0.044
Laboratory tests 0.0 (9.58) 0.0 (15.32) 0.0 (14.87) 0.0 (0.0) 0.087
Medication 5.84 (12.84) 12.01 (18.64) 18.39 (22.32)a,b 17.24 (26.55)a 0.001
Total 29.12 (21.95) 40.56 (27.56)a 48.93 (39.93)a 40.48 (38.06)a 0.001

*Kruskal–Wallis test; IR = interquartile range; MetS = metabolic syndrome; a = different from the group Absence and < 65 years; b = different from the group 
Absence and > 65 years.

Table 5. Quantile regression for the association between the number of metabolic syndrome components and costs (Presidente 
Prudente, 2018)

Medication (US$) Consultation (US$) Total (US$)
β (β 95%CI) P value β (β 95%CI) P value β (β 95%CI) P value

MetS components  

0 Reference --- Reference --- Reference ---
1 8.62 (-5.31; 22.55) 0.223 -3.39 (-15.58; 8.80) 0.584 4.88 (-19.77; 29.53) 0.696
2 2.63 (-11.45;16.72) 0.712 -4.64 (-16.96 ;7.69) 0.458 -4.24 (-29.16; 20.69) 0.737
3 14.74 (0.66; 28.82) 0.040 -0.41 (-12.73;11.92) 0.948 18.24 (-.68; 43.16) 0.150
4 14.88 (0.18; 29.57) 0.047 -4.85 (-17.72; 8.01) 0.457 10.27 (-15.74; 36.28) 0.436
5 28.25 (10.60; 45.90) 0.002 9.38 (-6.06; 24.83) 0.232 38.97 (7.74; 70.20) 0.015

Covariates 
Sex 2.08 (-5.33; 9.49) 0.580 4.32 (-2.17; 10.81) 0.190 6.91 (-6.21; 20.03) 0.300
Age 0.24 (-0.15; 0.64) 0.221 0.07 (-0.27; 0.42) 0.680 0.51 (-0.18;1.21) 0.148
HPA 0.69 (-1.27; 2.65) 0.489 0.50 (-1.21; 2.22) 0.564 -0.16 (-3.63; 3.31) 0.929

MetS = Metabolic Syndrome; 95% CI = 95% confidence interval; US$ = USA dollar; HPA = habitual physical activity.
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DISCUSSION
This cross-sectional study explored the contributions of MetS 
components to primary healthcare costs among adults. Our find-
ings suggest that three or more components of MetS, especially 
medications, have a significant impact on healthcare costs.

The presence of various components of MetS represents a con-
cern to health systems due to its impact on patients’ health and eco-
nomic burden.3,13,18 This concern is well-founded, as it is possible 
to observe an increase in the prevalence of MetS and its isolated 
components in some countries.8,9,28 In Brazil, MetS has shown high 
prevalence, as reported by Ramires et al. (2018).11 In our study, the 
prevalence of MetS was 48%, which is similar to another Brazilian 
study carried out in 2011 that estimated a prevalence of 53.7% in 
the population aged over 40 years.29 In fact, the prevalence of MetS 
seems to be a relevant public health concern, mainly because it 
represents the combination of other relevant cardiovascular and 
metabolic outcomes.

Our main finding was that individuals with MetS had higher 
costs of medication, consultation, and total costs than those with-
out MetS, which corroborates the literature.30 Given that MetS 
is the sum of three or more components, and each component 
contributes individually and differently to the use of health ser-
vices,5,12,30 it was expected that treatment for MetS would lead to 
significantly higher costs.28

There is strong evidence that type 2 DM, one of the compo-
nents of MetS, even when isolated, leads to higher costs for health 
services (R$ 317.19 versus R$ 225.09) than in individuals without 
the disease.12 The same happens with AH, which was responsible 
for US$ 2,000.00 higher costs than non-hypertensive people,13 
and obesity, showing twice as many costs (R$ 3,141.84 versus 
R$ 1,349.60) with hospitalization when compared to individuals 
with normal weight.30

Understanding the contribution of MetS components to uni-
versal health systems is of high importance Although our study 
did not find significant contributions of physical activity levels 
between the two MetS groups (presence/absence), Ramires et al.11 
found that physical inactivity was present in 98.1% of Brazilian 
individuals diagnosed with MetS. Moreover, the beneficial impact 
of other manifestations of physical activity and exercise, such as 
yoga on MetS (and its costs), needs to be investigated in deep, 
such as yoga.31

Another important point is that our results, when stratified 
by sex and age, showed that female sex can be a potential fac-
tor in the increase in health spending and the presence of MetS. 
As shown in Table 4, the health spending in those aged < 65 and 
> 65 years were more expensive in the presence of MetS than in 
those without MetS. In contrast, Table 3 shows that in the presence 
of MetS, only women showed significant differences from those 
without MetS. Turi et al.32 aimed to evaluate the determinants of 

healthcare costs for patients receiving primary health care in the 
Brazilian National Health System and found that several factors 
influence increases in healthcare costs, such as physical inactiv-
ity and obesity. Among other factors, gender stands out for its 
association with different cost indicators, with women having 
higher healthcare costs for exams, medical consultations, and 
total expenses than men. A possible explanation for men’s lower 
demand for primary health services could be related to differ-
ences in gender roles, which, according to social imagination, 
attributes care to the female sphere, requiring men to be associ-
ated with invulnerability, strength, and virility.33 

This study has some limitations. First, our sample was selected 
in a BHU because of their medical records (not randomly), which 
may cause bias in costs due to high chances of being treated for 
other diseases not detected in this study. Furthermore, it was impos-
sible to transform the scores provided by the HPA questionnaire 
into measures/units that could be used for exercise prescription. 
In addition, the cross-sectional design did not allow for cause-ef-
fect assumptions between costs and MetS. Moreover, our economic 
analysis focused on the primary level, and costs from the second-
ary and tertiary levels were not considered.

However, it is worth highlighting that this is one of the few 
studies conducted in developing nations to investigate the burden 
of MetS on primary care costs. Furthermore, the present findings 
are of great value, not only for public policy strategies, but also 
for health professionals involved in the prevention, control, and 
treatment of MetS components and, with the monetary informa-
tion provided by the results of the present study, decision makers 
can estimate, in local contexts, the impact of the studied comor-
bidities on healthcare costs on primary care.

CONCLUSION
In summary, MetS is responsible for increasing primary care costs 
among adults, particularly those related to medication. Our find-
ings are particularly relevant for developing nations where the 
economic impact of MetS is an additional burden for the NHS in 
large populations, such as Brazil, India, and China.
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tuberculosis mortality in Brazil: an ecological study
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INTRODUCTION
Tuberculosis (TB) is associated with poverty and poor living conditions (LC), especially in low- 
and middle-income countries.1 This neglected disease requires strategies that consider humani-
tarian, economic, and public health aspects for its control.2,3 

Globally, the incidence of TB has fallen by approximately 2% annually between 2015 and 2020, 
with a cumulative reduction of 11%.4 However, the COVID-19 pandemic has contributed to an 
increase in the number of cases and increasing TB mortality in some countries. In 2022, an esti-
mated d 10.6 million people developed active TB compared to 10,1 million in 2020.4 The incidence 
rate of TB increased by 3.9% between 2020 and 2022, suggesting a reversal from the trend of nearly 
2% decrease per year during the past two decades. In addition, 1.6 million deaths from the dis-
ease, compared with 1.5 million in 2020,4 and TB is the third leading cause of death due to infec-
tious diseases and the first among patients diagnosed with human immunodeficiency virus (HIV).5

Brazil has the highest number of reported TB cases in the Americas.6 In 2019, tuberculosis 
incidence and mortality in Brazil were estimated as 46 and 3.3 per 100,000 population, respec-
tively.7 From 2011 to 2015, this coefficient had an annual percentage change of –1.9%, followed 
by an increase of 2.4% until 2019.8 In 2022, Brazil recorded 81,000 new TB cases, corresponding 
to an incidence rate of 32.0 cases per 100,000 population.9

Most TB deaths primarily occur in low-income countries, and their incidence is associated 
with precarious living conditions, especially precarious living and work conditions, including 
overcrowding and inadequate ventilation. These results highlight TB as a serious public health 
problem, characterizing it as one of the infectious diseases with the highest mortality rates in 
the world.1,10

According to the United Nations Sustainable Development Goals (2016-2030), the 90-90-
90 targets for TB involve monitoring 90% of vulnerable populations, diagnosing and starting 
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ABSTRACT
BACKGROUND: The risk of death due to tuberculosis (TB) in Brazil is high and strongly related to living con-
ditions (LC). However, epidemiological studies investigating changes in LC and their impact on TB are lacking.
OBJECTIVES: To evaluate the impact of LC on TB mortality in Brazil.
DESIGN AND SETTING: This ecological study, using panel data on spatial and temporal aggregates, was 
conducted in 1,614 municipalities between 2002 and 2015.
METHODS: Data were collected from the Mortality Information System and the Brazilian Institute of Ge-
ography and Statistics. The proxy variable used for LC was the Urban Health Index (UHI). Negative binomial 
regression models were used to estimate the effect of the UHI on TB mortality rate. Attributable risk (AR) 
was used as an impact measure.
RESULTS: From 2002 to 2015, TB mortality rate decreased by 23.5%, and LC improved. The continuous model 
analysis resulted in an RR = 0.89 (95%CI = 0.82–0.96), so the AR was -12.3%. The categorized model showed 
an effect of 0.92 (95%CI = 0.83–0.95) in municipalities with intermediate LC and of 0.83 (95%CI = 0.82–0.91) in 
those with low LC, representing an AR for TB mortality of -8.7% and -20.5%, respectively.
CONCLUSIONS: Improved LC impacted TB mortality, even when adjusted for other determinants. This im-
pact was greater in the strata of low-LC municipalities.
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treatment in 90% of cases, curing at least 90% of these, reducing 
the number of families affected by TB to zero, and facing cata-
strophic costs due to the disease.11

Social protection interventions aimed at reducing social 
inequalities and improving the LC of vulnerable populations can 
contribute to controlling TB and containing the epidemic.12,13 This is 
because social protection interventions synergistically affect treat-
ment results owing to improvements in nutritional conditions, 
psychosocial health, and access to health services.13,14

Epidemiological studies have reported that the implementa-
tion of public social policies in the last 15 years, focusing on the 
poorest population in Brazil, has improved the LC of the popula-
tion, which has produced favorable effects on some health prob-
lems.15,16 Despite this evidence, no studies have been conducted on 
the impact of LC on TB mortality, considering Brazil as a whole.

OBJECTIVE
This study aimed to verify the impact of LC on TB mortality in 
Brazil between 2002 and 2015.

METHODS

Data, population, and sources
A longitudinal ecological study was conducted with panel data 
on multiple spatial and temporal aggregates, using Brazilian 
municipalities and calendar year as units of analysis between 
2002 and 2015.

Of the 5,570 municipalities in Brazil, 1,614 (28.9%) were 
selected, whose vital records (death and birth information) pre-
sented satisfactory quality, according to the criteria adopted by 
Andrade and Szwarcwald17 and Rasella et al.,15 as follows: average 
relative deviation of the general mortality coefficient ≤ 20.0 for 
municipalities with < 50 thousand inhabitants; ≤ 6.1 for munici-
palities with ≥ 50 thousand inhabitants; proportion of live births 
reported and estimated ≥ 0.9 for municipalities with < 50 thousand 
inhabitants; ≥ 0.7 for municipalities with ≥ 50 thousand inhabitants; 
mean deviation relative to birth rate ≤ 17.1 for municipalities with 
< 50 thousand inhabitants; ≤ 8.1 for municipalities with ≥ 50 thou-
sand inhabitants; and proportion of deaths without definition of 
the basic cause ≤ 20.7 for municipalities with < 50 thousand inhab-
itants; ≤ 16.2 for municipalities with ≥ 50 thousand inhabitants.15,17

Variables of the study and measurement
The number of deaths from all forms of TB (codes A15 – A19 
in the International Classification of Diseases, 10th revision) was 
obtained from the Mortality Information System, and the pop-
ulation of the municipalities was extracted from the databases 
(including interpolation and extrapolation estimates) made 
available by the Brazilian Institute of Geography and Statistics.18 

The  annual TB mortality rate was calculated from the ratio 
between the total number of TB deaths and the population of the 
municipality multiplied by 100,000 inhabitants.

Variables known as potential determinants of TB mortality 
were selected based on their availability and relevance. They were 
used in the statistical analysis, continuously and categorically, as 
follows: TB-HIV coinfection rate (“0” < 5.0% and “1” ≥ 5.0%); 
TB treatment dropout rate (“0” < 5.0% and “1” ≥ 5.0%); cover-
age of the Family Health Strategy (FHS) (“0” ≥ 30.0% and “1” 
< 30.0%); TB cure rate (“0” < 10.0% and “1” ≥ 10.0%); rate of 
hospitalization for TB/100 thousand inhabitants (“0” < 10.0% 
and “1” ≥ 10.0%); proportion of older men – 65 years and over 
(“0” < 4.0% and “1” ≥ 4.0%). These data were obtained from the 
Department of Informatics of the Brazilian Unified Health System 
of the Ministry of Health.19

The variable used as a proxy for LC was the “Urban Health 
Index” (UHI), also used in continuous and categorical modeling, 
and it was stratified into tertiles: first tertile (< 0.278) high LC; 
second tertile (≥ 0.278 and < 0.330) intermediate LC; and third 
tertile (≥ 0.330) low LC. This composite indicator allows for a flex-
ible approach to the selection, compilation, and presentation of 
data in the health field to graphically and visually show statistical 
health inequalities.20–22

To construct this index, the following indicators were selected 
for each municipality: population of low-income people (propor-
tion of residents with a monthly household income per capita of 
up to 1/2 minimum wage); income per capita (monthly house-
hold income per person); black population (proportion of black 
people); illiteracy rate (proportion of people aged 15 and over 
who are illiterate); schooling rate (proportion of people with 15 
and more years of study); piped water (proportion of households 
connected to a regular water supply network); garbage collec-
tion (proportion of households with regular garbage collection); 
household density (average number of people per household); 
unemployment rate (proportion of economically active people 
who are unemployed, per 100 inhabitants); GDP per capita (gross 
domestic product per 100 inhabitants living in the municipal-
ity); and health establishments (proportion of basic healthcare 
establishments per 100 inhabitants).

After their selection, these indicators were classified in ascend-
ing order for those where higher values indicated worse LC and 
in descending order for those where the higher the value, the 
worse the situation. Mathematical standardization of the indi-
cators was then performed,20 followed by their combination and 
calculation of the geometric mean for each municipality, using 
the tool to calculate the UHI.20 The result of which is an adapted 
score that varies from 0 to 1 for each area, in which the closer 
to 1 or higher this score is, the worse the LC of the population 
of that municipality.22
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Variables of the study and measurement
The evolution of the mean annual TB mortality rates, UHI, and 
selected covariates is described. The effects of the UHI (crude 
and adjusted) on the mean mortality rate were estimated using 
negative (continuous and categorical) binomial regression mod-
els for panel data with fixed effects specifications for the covari-
ates mentioned in the selected municipalities through risk ratio 
(RR) estimates.

The choice between fixed and random effects was based on 
the Hausman test, which evaluates the differences in the estimates 
of the two effects.23,24 For the evaluation of public policies, the 
fixed-effects model is the most appropriate, as it allows the control 
of unobserved variables that are constant over time (geographic 
and sociocultural characteristics of the municipality), which can 
be correlated with the independent variables, controlling the bias 
prior to the implementation of the programs. These analyses were 
performed using the Stata software version 15 (StataCorp LLC., 
College Station, Texas, United States).

The following equation expresses the panel data regression 
model, where municipalities are represented by subscript i and 
years by subscript t.

TBit = β1UHIit + βXit + αi + uit

TBit: Logarithm of the mortality coefficient for tuberculosis in 
municipality i in year t.
β1UHIit: Level of the Urban Health Index in municipality i in year t.
βXit: Value of each covariable included in municipality i in year t;

αi: Fixed effect for municipality i that captures all the unobserved 
characteristics that vary in time;
uit: Regression error.

To verify the contribution of the improvement in LC to reducing 
the relative risk of TB mortality, we used attributable risk (AR).25

Ethical approval
This study was approved by the Ethics Committee for Research 
Involving Human Beings of the Institute of Collective Health 
of the Universidade Federal da Bahia (No. 1,527,799) on May 
3, 2016. All study procedures were performed in accordance 
with the Code of Ethics of the World Medical Association 
(Declaration of Helsinki) for experiments involving humans. 
Informed consent for experimentation with human partici-
pants and their privacy rights were not required owing to the 
use of secondary data.

RESULTS

Mortality due to tuberculosis and other causes in Brazil
Between 2002 and 2015, 65,148 (2.4/100,000 inhabitants) TB 
deaths were documented in Brazil. In the 1,614 municipalities 
analyzed, this number was 26,336 (2.8/100,000 inhabitants), 
corresponding to 40.4% of the total number of TB deaths. There 
was a decline in the mortality rate from this disease (23.5 %), 
varying from 3.4/100,000 in 2002 to 2.6/100,000 inhabitants in 
2015 (Table 1).

Table 1. Tuberculosis,1 annual number of deaths (n) and mortality rate (MR/1,000 inhabitants) for Brazil and a set of municipalities 
selected for the study, from 2002 to 2015

Year
Brazil Selected municipalities2

n MR n %3 MR
2002 5,048 2.8 2,149 42.6 3.4
2003 4,843 2.7 2,007 41.4 3.2
2004 4,838 2.6 2,002 41.4 3.1
2005 4,602 2.5 1,868 40.6 2.9
2006 4,721 2.5 1,882 30.9 2.9
2007 4,612 2.4 1,781 38.6 2.7
2008 4,756 2.5 1,908 40.1 2.8
2009 4,690 2.4 1,877 40.0 2.8
2010 4,568 2.3 1,801 39.4 2.6
2011 4,460 2.3 1,780 39.9 2.6
2012 4,316 2.2 1,758 40.7 2.5
2013 4,617 2.3 1,856 40.2 2.6
2014 4,467 2.2 1,841 41.2 2.6
2015 4,610 2.3 1,826 39.6 2.6
Variation (%) -8.7 -17.9 -15.0 -- -23.5
Total 65,148 2.4 26,336 40.4 2.8

Source: Mortality Information System. SINAN / Datasus / Ministry of Health. 
1All forms; 2They refer to 1,614 municipalities that had better information quality; 3Percentage of the total number of municipalities in Brazil; MR = mortality rate.
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The mean UHI value was 0.309 (0.126–0.541). In 2002, this 
index was 0.323; in 2015, it was 0.296, an average reduction of 8.4% 
in the selected municipalities. On average, 4.1% of the TB-notified 
individuals in the municipalities included in the study were HIV-
infected, an increase of 17.8% (3.9% in 2002 to 4.6% in 2015). 
The treatment dropout rate decreased by 51.5% during this period, 
with an overall average rate of 5.2%. Among the 1,614 municipali-
ties, a 52.6% increase was observed in the average coverage of FHS, 
with an average coverage ratio of 64.7%. The mean cure rate for 
this disease is 61.7%. Hospitalizations for TB decreased by 46.7% 
over the study period, with an average of 4.9/100,000 inhabitants. 
The proportion of older adults living in these areas was 3.9%, which 
increased by an average of 39.9% during the study period (Table 2).

Living conditions and tuberculosis mortality
In the analysis with the continuous and adjusted modeling for 
the selected covariates, a statistically significant overall protective 
effect of UHI on TB mortality was observed, with an RR = 0.89 
(95%CI = 0.82–0.96), and the AR was -12.3% (Table 3). For the 
model with categorized variables, Table 4 shows that UHI was 
also associated with TB mortality rate. For municipalities with 
intermediate LC, the effect was 0.92 (95%CI = 0.83–0.95), and in 
those with low LC, it was 0.83 (95%CI = 0.82–0.91); that is, the 
AR for TB mortality was -8.7% and -20.5%, respectively.

A statistically significant effect was observed for municipal-
ities with a proportion of TB-HIV coinfection of > 5.0%, where 
RR = 1.32 (95%CI = 1.24–1.42). The mean risk of dying from TB 

in municipalities with a proportion of elderly patients > 4.0% was 
41.0% (RR = 1.41; 95%CI = 1.30–1.53). 

In municipalities where the FHS coverage was below 30.0%, the 
risk of death from this disease was 1.12 times higher than in those 
with a mean coverage greater than or equal to 30.0% (95%CI = 1.08–
1.14). Municipalities where the cure rates for TB treatment were 
below 10.0% had an RR = 2.87 (95%CI = 2.65–3.12). In munic-
ipalities with a treatment dropout rate of > 5.0%, the RR = 1.33 
(95%CI = 1.25–1.42). Areas with hospitalization rates for TB of 
< 10.0% presented an RR of 1.22 (95%CI = 1.14–1.32).

DISCUSSION
The findings of this longitudinal study of spatial and temporal 
aggregates revealed that, from 2002 to 2015, the risk of dying 
from TB in the municipalities analyzed decreased by > 23% and 
that the improvement in LC in this period produced an overall 
reduction of 11% in the relative risk of death from TB. This pro-
tective effect remained even after adjusting for other important 
determinants and was higher in the strata of municipalities with 
low LC than in those with intermediate LC.

These results can be interpreted in light of social determinants 
and health inequalities.12,26 The differences observed in the risk of 
TB mortality between areas, populations, and social groups result 
from heterogeneity in the level of social development, income dis-
tribution, access to health resources, basic sanitation, education, 
and other LC determinants. From this perspective, TB can be 
spread unequally, both in the urban space and between subjects, 

Table 2. Average annual values of the Urban Health Index (UHI), proportion of demographic indicators and health care variation (%), and 
average in the period. Brazil1 2002–2015
Years/
Indicators

UHI
% TB-HIV 

coinfection ratio
% TB treatment 

dropout
% coverage FHS % cure TB

Rate 
hospitalization TB2

% older men

2002 0.323 3.9 6.2 46.6 61.9 6.4 3.3
2003 0.321 3.0 5.4 51.9 61.3 6.7 3.3
2004 0.318 3.2 6.8 56.2 65.1 6.0 3.4
2005 0.316 3.3 4.8 60.6 60.5 5.4 3.5
2006 0.314 3.5 4.8 64.2 58.6 5.3 3.5
2007 0.312 4.1 4.9 67.0 61.8 4.5 3.6
2008 0.310 4.1 5.4 68.0 61.5 8.9 3.7
2009 0.308 4.8 5.2 68.6 62.3 3.7 3.8
2010 0.306 4.7 5.1 69.9 63.8 3.8 4.0
2011 0.304 5.1 5.5 69.3 60.8 3.8 4.1
2012 0.302 5.2 5.4 70.4 62.2 3.8 4.2
2013 0.300 4.1 5.8 71.1 60.3 3.7 4.4
2014 0.298 4.4 4.5 71.2 63.4 3.4 4.6
2015 0.296 4.6 3.0 71.1 60.1 3.4 4.6
Variation (%) -8.4 17.8 -51.5 52.6 -3.0 -46.7 39.9%
Average 0.309 4.1 5.2 64.7 61.7 4.9 3.9

Source: Mortality Information System. SINAN / Datasus / Ministry of Health.
1They refer to 1,614 municipalities that had better information quality.
UHI = Urban Health Index; TB = tuberculosis; HIV = human immunodeficiency virus; FHS = Family Health Strategy.
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due to its inclusion in the social reproduction process.13 Thus, in 
countries marked by poverty and marginalization, thousands of 
people are disproportionally and heavily affected by TB due to 
its strong social determination, particularly regarding the social 
inequality that predominates, as studies show, in countries with 
different living and income conditions, such as the Philippines,27 

England,28 South Korea,29 and China.30 These characteristics can 
be observed in Brazil, given its economic development model is 
characterized by high inequality, social exclusion, and insufficient 
political and financial investments.15,17

Concomitantly, with the improvement in the population’s LC 
in the municipalities studied, there was a reduction in treatment 

Table 3. Estimated relative risk (RR) for the association between tuberculosis mortality rate1 and Negative Binomial Regression Urban 
Health Index.2 Brazil3 2002–2015

Variables
Model

Crude Adjusted
RR 95%CI RR 95%CI

Urban Health Index 0.72 0.66–0.77 0.89 0.82–0.96
TB-HIV coinfection ratio 1.01 1.01–1.05
Proportion of TB treatment dropout 1.00 1.00–1.04
Coverage of the Family Health Strategy 0.97 0.97–0.99
TB cure rate 1.00 1.00–1.01
Rate of hospitalization TB 1.20 1.00–1.33
Proportion of older men – 65 years and over 1.81 1.80–1.83

Source: Mortality Information System. SINAN / Datasus / Ministry of Health.
1All forms; 2Continuous model; 3 They refer to 1,614 municipalities with better information quality.
RR = relative risk; CI = confidence interval.

Table 4. Estimated relative risk (RR) for the association between tuberculosis mortality rate1 and Urban Health Index obtained through 
Negative Binomial Regression.2 Brazil3 2002–2015

Variables
Model

Crude Adjusted
RR 95%CI RR 95%CI

Urban Health Index
1º Tercil (< 0.278) High LC 1 - 1 -
2º Tercil (≥ 0.278 e < 0.330) Intermediate LC 0.95 0.87–0.99 0.92 0.83–0.95
3º Tercil (≥ 0.330) Low LC 0.89 0.82–0.98 0.83 0.82–0.91

TB-HIV coinfection ratio
< 5.0% - - 1 -
≥ 5.0% - - 1.32 1.24–1.42

Proportion of TB treatment dropout
< 5.0% - - 1 -
≥ 5.0% - - 1.33 1.25–1.42

Coverage of the Family Health Strategy
≥ 30.0% - - 1 -
< 30.0% - - 1.12 1.08–1.14

TB cure rate
> 10.0% - - 1 -
≤ 10.0% - - 2.87 2.65–3.12

Rate of hospitalization TB
> 10.0% - - 1 -
≤ 10.0% - - 1.22 1.14–1.32

Proportion of older men – 65 years and over
< 4.0% - - 1 -
≥ 4.0% - - 1.41 1.30–1.53

Source: Mortality Information System. SINAN / Datasus / Ministry of Health.
1All forms.
2Categorical model.
3 They refer to 1,614 municipalities that had better information quality.
RR = relative risk; TB = tuberculosis; HIV = human immunodeficiency virus; CI = confidence interval; LC = living conditions.
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dropouts and hospitalizations for TB, which, in the continuous 
regression model, were not associated with this mortality in 2002–
2015. Increased FHS coverage, in turn, had a protective effect.

These results provide evidence of the importance of public 
policies with multisector coverage, which contribute to improving 
the population’s LC and health to promote health, prevent disease, 
and reduce mortality. On the other hand, there was an increase in 
the proportion of TB-HIV co-infection in the older adult popula-
tion, which are important risk factors for this mortality and were 
shown to be associated with the outcome studied in the aforemen-
tioned regression model.

TB-HIV co-infection is a public health problem with high rates 
of occurrence worldwide, and it is related to the social determi-
nants of health by systematically affecting more vulnerable pop-
ulations, thus raising TB mortality indicators.31,32 Regarding the 
increased risk of TB death among the elderly, the displacement 
of the incidence of this disease to the elderly population stands 
out, highlighting the difficulty of diagnosing the illness in this age 
group, which may determine its high mortality,33 TB in the elderly 
is expressed as the resurgence of long inactive infection, as well as 
being due to the greater vulnerability of this population to rein-
fection.34 This greater vulnerability may be due to aging, relapses, 
difficult response to treatment, trivialization of symptoms, and 
immune system deficiency due to advanced age. These findings 
show the need for the elderly to receive greater attention from health 
services and professionals, not only for the early identification of 
TB but also for monitoring to reduce complications and deaths.35

Another fundamental point to discuss relates to the significant 
effect of the FHS, which presented a mean overall impact of 3% in 
reducing TB mortality, as observed by Souza.36 This strategy has a 
high level of decentralization and coverage, facilitating access to the 
health system and providing higher-quality care to TB patients. Many 
of these actions, such as early diagnosis of the disease, home treat-
ment and visits, bacillus Calmette–Guéri vaccination, and anti-HIV 
testing, are performed using FHS units and may have consistently 
contributed to reducing mortality from this cause in the country.37

It is worth mentioning that since the 1980s, there has been a 
reduction in TB mortality in Brazil.38 However, its levels are still far 
from those of developed countries, which record mean values of 
0.1/100 thousand inhabitants.39 Moreover, it is worth highlighting 
that the pace of this fall slowed after the advent of HIV in the country.

It is important to remember that Brazil has undergone profound 
political, economic, and social transformations geared toward less 
favored populations to reduce poverty in the country and promote 
better LC for these populations especially,40 which may explain 
the greater impact on the poorest populations. Studies indicate 
that the initiatives implemented and the progress achieved by the 
social programs in the country, as well as by the conditional income 
transfer programs for families living in poverty, such as the Bolsa 

Familia and Eradication of Child Labor programs, have generally 
promoted a significant improvement in LC.41 Income transfer pro-
grams play a fundamental role in reducing poverty and improving 
LC since they enable improvements in income, which can be used 
for housing, food, and nutritional security.42,43

Attention should be drawn to the fact that the use of second-
ary data may constitute a potential limitation of this study, given 
that they present restrictions in terms of quality, coverage, com-
pleteness, and validity. In addition, the study’s 2000–2015 time 
frame was another limiting factor owing to access to data up to 
more recent periods. It is also worth noting that variables such 
as alcoholism, malnutrition, and mental illnesses, among other 
determinants of TB mortality, were not included in the regression 
model. However, we sought to minimize this restrictive effect by 
including in the study only municipalities with better quantity 
and quality of information. Moreover, the fact that all indicators 
employed presented a similar evolution to that observed in Brazil 
strengthens the results of this study.

CONCLUSION
This study suggests that the improvement in the LC of the Brazilian 
population from 2002 to 2015 contributed to the reduction in TB 
mortality, especially in the stratum of low-LC municipalities, as 
the social interventions were primarily directed toward popula-
tions living in poverty and extreme poverty. Therefore, we must 
consider the social determinants of the disease and intersectoral 
strategies as priorities for a more significant reduction in TB mor-
tality in Brazil. It is also evident that alongside the adoption of 
measures that provide access to adequate quantity and quality ser-
vices for the population, the implementation of greater and contin-
uous investments from other sectors seeking to reduce poverty and 
improve education is imperative, as their effects will be positively 
reflected in the quality of life and health of human collectivities.
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Knowledge, attitudes, and beliefs regarding skin cancer among 
health sciences students in Turkey: A cross-sectional study
Esin Sevgi DoganI, Ozden Dedeli CaydamII

Manisa Celal Bayar University Faculty of Health Sciences, Manisa, Turkey

INTRODUCTION
Cancer is the leading cause of death worldwide.1,2 However, certain types of cancer can be 
prevented by avoiding risk factors and using current evidence-based prevention strategies.3 
Skin cancer is one of the preventable types of cancer.4 Skin cancer is becoming more common 
worldwide, particularly in Turkey.5,6 “Malignant melanoma,” the most fatal type of skin cancer, 
is increasingly common, particularly among young individuals.7 Skin cancer is the most preva-
lent type of cancer among individuals aged 25–29 years and the second most common type of 
cancer in those aged 15–29 years.8,9 Therefore, skin cancer prevention practices should primar-
ily target young individuals.10

Conducting visual education campaigns, particularly among young individuals, is recom-
mended to improve prevention practices and sun protection against skin cancer (e.g., sun pro-
tection and self-skin examination).11,12 Numerous studies have been conducted on skin cancer 
prevention.13-15 However, in Turkey, most studies on skin cancer and sun protection have been 
conducted on primary and secondary school students,16-20 with only limited studies on univer-
sity students.21-23 

To develop skin cancer prevention behaviors, people’s knowledge, attitudes, and beliefs about 
the topic must be evaluated.13,14 These knowledge, attitudes, and beliefs can lead to the devel-
opment of specific strategies tailored to the sociocultural contexts of diverse groups. Increased 
knowledge and positive attitudes and beliefs can influence skin cancer prevention practices.24

Healthcare professionals are crucial in providing consumers with health information.25 
Future healthcare professionals will play a significant role in preventing skin cancer.26 Their 
knowledge, attitudes, and beliefs regarding this issue are important for reducing the impact of 
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ABSTRACT
BACKGROUND: Healthcare professionals’ knowledge, attitudes, and beliefs regarding skin cancer are im-
portant for reducing the future impact of the disease.
OBJECTIVE: This study evaluated university students’ knowledge, attitudes, and beliefs about skin cancer 
and examined the variables influencing their attitudes and beliefs about the disease.
DESIGN AND SETTING: This descriptive cross-sectional study was conducted at the Faculty of Health 
Sciences at Manisa Celal Bayar University, Manisa, Turkey.
METHOD: A total of 960 students participated in this study. Data were collected using the Student Intro-
duction Form, Fitzpatrick Skin Type Scale, Skin Cancer and Sun Knowledge Scale (SCSKS), and Health Belief 
Model Scale for Skin Cancer (HBMSSC).
RESULTS: The mean SCSKS score of the participants was 14.91 ±  4.23. The mean HBSSC scores of the 
participants were 23.58 ± 7.79 for perceived susceptibility, 14.79 ± 4.59 for perceived severity, 20.64 ± 6.60 
for perceived benefits, 15.93 ±  4.09 for perceived barriers, and 21.78 ±  7.14 for self-efficacy. The mean 
SCSKS total scores of the university students were significantly and positively correlated with the HBMSSC 
subdimensions. Gender explained 1.58 of the variance in perceived benefits and 1.65 of the variance in 
self-efficacy, whereas the SCSKS score explained most other variables.
CONCLUSION: The students’ knowledge of skin cancer and sun protection was moderate. Their attitudes 
and beliefs regarding skin cancer were unexpected. This study identified students’ knowledge of skin can-
cer and sun protection as the most important variables for improving their attitudes and beliefs about 
skin cancer.
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the disease in the future. Therefore, this study evaluated univer-
sity students’ knowledge, attitudes, and beliefs about skin cancer 
and examined the variables that predict students’ attitudes and 
beliefs about the disease.

Although there are many studies on this issue in the litera-
ture27-32, these studies have typically focused on health professionals, 
medical students, and nursing students. To the best of our knowl-
edge, no such study has been conducted on health science, mid-
wifery, nursing, or social work students. The results of this study 
will be useful for future research, providing valuable insights into 
the implementation of skin cancer prevention practices aimed at 
health science students.

OBJECTIVE
This study aimed to evaluate health science students’ knowledge, 
attitudes, and beliefs about skin cancer and to examine the vari-
ables influencing their attitudes and beliefs about the disease.

Research questions
1.	 What do health science students know about skin cancer and 

sun protection?
2.	 What are the attitudes and beliefs of university students about 

skin cancer?
3.	 What variables influence health science students’ attitudes and 

beliefs about skin cancer?

METHODS
This cross-sectional study included 960 health science students. 
It was conducted between March and July 2023 at the universi-
ty’s Faculty of Health Sciences in the nursing, midwifery, social 
work, physical therapy, and rehabilitation departments. No sam-
pling method was used in this study, resulting in a participation 
rate of 61.34%.

The inclusion criteria were participants aged 18 years or older 
who agreed to participate. Students who chose to leave the study 
or did not complete the forms were excluded.

Instruments
Based on the literature, the Information Form for Students 
included nine questions on demographic data (age and gender), 
sun exposure, and sunburn history.18,20-23,33,34

The Fitzpatrick Skin Type Scale
The Fitzpatrick skin type scale was used as a classification scheme. 
The scale was divided into six categories according to the skin’s 
susceptibility to sunburn, indicating that the risk of developing 
skin cancer reduces from skin types 1 to 6. Skin types 1 and 2 
have a high risk of developing skin cancer, skin types 3 and 4 have 
a moderate risk, and skin types 5 and 6 have a low risk.35 

Skin Cancer and Sun Knowledge Scale
The Skin Cancer and Sun Knowledge Scale (SCSKS) was devel-
oped for young adults (aged 18 to 26).36 The scale comprises 25 
items that evaluate skin cancer and sun knowledge. The domains 
include sun production, tanning, skin cancer risk factors, skin 
cancer prevention, and skin cancer symptoms. The total score 
ranges from 0 to 25, with a high score on this scale indicating a 
high level of knowledge.34,36 The Turkish validity and reliability of 
the scale were evaluated among nursing students in a previous 
study, with an internal consistency reliability coefficient (KR-20) 
of 0.51.34 In this study, it was determined to be 0.52.

Health Belief Model Scale in Skin Cancer
The Health Belief Model Scale in Skin Cancer (HBMSSC) was 
developed by Dogan and Caydam (2021) for university students.37 
The scale comprises 26 items and five subdimensions: perceived 
susceptibility, perceived benefit, perceived severity, perceived bar-
riers, and self-efficacy. Each item on the scale received was scored 
as follows: 5 = strongly agree, 4 = agree, 3 = neutral, 2 = strongly 
disagree, or 1 = disagree. The subdimension “perceived barriers” 
is reverse coded, and the HBMSSC does not have a total score. 
Higher scores on the subdimensions indicate higher perceived 
susceptibility, perceived benefits, perceived severity, and self-effi-
cacy. The total Cronbach’s α coefficient of the HBMSSC is 0.86, 
while for the subdimensions, it is 0.89, 0.79, 0.77, 0.65, and 0.86, 
respectively.37 In this study, Cronbach’s α coefficients were 0.97, 
0.98, 0.93, 0.94, 0.89, and 0.97, respectively.

Data Collection
The research data were collected online. Data collection forms 
were distributed to the students’ class WhatsApp groups via 
Google Forms. The participants signed an informed consent 
form if they wished to participate in the study. 

Statistical Analysis
The analysis was performed using Statistical Package for the Social 
Sciences (SPSS) V15. The suitability of the data for a normal dis-
tribution was determined by evaluating the skewness coefficient. 
The data showed a normal distribution as the coefficient of skew-
ness was between +1 and −1.38 Quantitative variables are pre-
sented as mean, standard deviation, minimum, and maximum, 
while qualitative variables are presented as numbers and percent-
ages. Differences between groups were evaluated using the t-test 
for independent groups and analysis of variance. The homoge-
neity of variance was determined using Levene’s test. Tukey’s 
test was used to determine which group caused a difference in 
three or more groups if the variances followed a homogeneous 
distribution, whereas Tamhane’s T2 test was used if the variances 
were  not equally distributed. Relationships between variables 
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were examined using Pearson’s correlation analysis. After univar-
iate analysis, multivariate regression analysis was used to identify 
significant variables. Before using the multiple regression model, 
the relationships between the independent variables in the model 
were analyzed, and the variables to be included in the model were 
selected. Statistical significance was set at p < 0.05.

Ethical Considerations
To conduct this study, ethics committee approval (Manisa Celal Bayar 
University’s Health Sciences Ethics Committee: 04/01/2023-1653) and 
institutional permissions (Manisa Celal Bayar University’s Faculty of 
Health Sciences Deanship-11.01.2023-E-64031256-605.99-465123) 
required for the conduct of the study were obtained. Students who 
agreed to participate in the study were informed about its purpose 
and scope. This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki.

RESULTS

Descriptive statistics
The study included 84.2% female students, with 44.9% study-
ing nursing and 27.8% in their third year. Among the students, 
46.1% had dark brown hair, 72.1% had brown eyes, 42.2% had 
light skin, and 25.1% had type II skin (Table 1).

Skin cancer and sun knowledge
The mean SCSKS score of the students was 14.91. The SCSKS 
scores varied significantly depending on gender, class, depart-
ment, hair color, and skin color (Table 2).

Attitudes and beliefs about skin cancer
The attitudes and beliefs about skin cancer are presented in 
Table 2. The mean HBSSC scores were 23.58 ± 7.79 for perceived 
susceptibility, 14.79 ±  4.59 for perceived severity, 20.64 ±  6.60 
for perceived benefits, 15.93 ±  4.09 for perceived barriers, and 
21.78 ± 7.14 for self-efficacy.

The mean perceived susceptibility scores were significantly 
higher in female participants studying in the midwifery depart-
ment, third grade students, those with dark brown hair, and those 
living in the Aegean Region with their families. 

The mean perceived severity scores were significantly higher 
among female students in the midwifery department, those with fair 
hair color, and those living in the Aegean Region with their families. 

The mean perceived benefits scores were significantly higher in 
female participants studying in the midwifery department, those 
with dark brown hair, and those living in the Aegean Region with 
their families. 

The mean perceived barrier score was significantly higher 
among those studying in the midwifery department. 

The mean self-efficacy scores of female participants studying 
in the midwifery department, those with light brown hair, and 
those living in the Aegean Region with their families were sig-
nificantly higher. 

Table 1. Sociodemographic characteristics and skin types of 
participants (n = 960)

Age (year)
 ± SD Min−Max

21.28 ± 1.99 18–35
Gender n %

Female 808 84.2
Male 152 15.8

Training department
Nursing 431 44.9
Midwifery 227 23.6
Physical therapy and rehabilitation 219 22.8
Social work 83 8.6

Class
First 226 23.5
Second 227 23.6
Third 267 27.8
Fourth 240 25.0

Hair color
Fair 99 10.3
Light brown 182 19.0
Dark brown 443 46.1
Black 236 24.6

Eye color
Blue/green 83 8.6
Hazel 115 12.0
Brown 692 72.1
Black 70 7.3

Skin color
Fair 405 42.2
Auburn/light brown 293 30.5
Brown/brunette 262 27.3

Skin type
Type I 89 9.3
Type II 241 25.1
Type III 233 24.3
Type IV 206 21.5
Type V 191 19.9

History of sunburn in the last one year
No 457 47.6
Once 234 24.4
Twice 148 15.4
Three times or more 121 12.6

Region living with family
Aegean 528 55.0
Mediterranean 107 11.1
Southeastern Anatolian 78 8.1
Eastern Anatolian 54 5.6
Inner Anatolian 66 6.9
Black Sea 28 2.9
Marmara 99 10.3

Max = maximum; min = minimum; SD = standard deviation.
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Table 2. Assessment of Skin Cancer and Sun Knowledge Scale scores and Health Belief Model Scale scores among students (n = 960)

Participants (n = 960)
SCSKS PSus PSev PBen PBar SE

14.91 ± 3.02 23.58 ± 7.79 14.79 ± 4.59 20.64 ± 6.60 15.93 ± 4.09 21.78 ± 7.14
Gender

Female (n=808) 15.10 ± 2.98 24.12 ± 7.35 15.11 ± 4.35 21.11 ± 6.26 - 22.34 ± 6.83
Male (n = 152) 13.91 ± 3.07 20.66 ± 9.33 13.13 ± 5.47 18.16 ± 7.74 - 18.83 ± 8.02
t/p 4.528/<0.000 5.085/0.000 4.951/0.000 5.108/0.000 - 5.645/0.000

Training department
Nursing (n = 431)a 14.96 ± 3.13 23.34 ± 7.87 14.72 ± 4.62 20.60 ± 6.71 15.32 ± 4.56 21.60 ± 6.98
Midwifery (n = 227)b 14.55 ± 2.82 25.58 ± 6.29 15.72 ± 3.83 22.51 ± 5.26 16.69 ± 3.69 23.70 ± 6.03
Physical therapy 
and rehabilitation 
(n = 219)c

14.91 ± 2.96 22.02 ± 8.51 13.76 ± 4.97 19.02 ± 6.96 16.11 ± 3.24 20.40 ± 7.91

Social work (n = 83)d 15.62 ± 2.99 23.39 ± 8.07 15.39 ± 4.91 20.02 ± 7.20 16.54 ± 3.21 21.09 ± 7.65

F/p
2.636/0.049

a = b = c, d > b*

8.252/0.000
a = c = d, b = d, 

b > a, b > c*

7.356/0.000
a = c = d, b = d, 

b > a, b > c*

10.998/0.000
a = d, c = d, 

b > a > c, b > d*

6.955/0.000
a = c, b = c = d, 

b > a, d > a*

8.740/0.000
a=c=d, b>a, b>c, 

b>d*

Class
First (n = 226)a 14.28 ± 3.04 22.35 ± 8.13 14.37 ± 4.86 19.95 ± 7.08 - 20.71 ± 7.65
Second (n = 227)b 14.65 ± 2.98 23.49 ± 7.63 14.75 ± 4.59 20.64 ± 6.62 - 21.49 ± 6.85
Third (n = 267)c 15.22 ± 3.03 24.52 ± 7.74 15.13 ± 4.46 21.18 ± 6.33 - 22.76 ± 7.10
Fourth (n = 240)d 15.42 ± 2.89 23.75 ± 7.57 14.87 ± 4.49 20.69 ± 6.40 - 21.97 ± 6.84

F/p
7.204/<0.000
c = d > a = b*

3.222/0.022
a = b = d, c = d, 

b = b, c > a**

1.148/0.329 1.436/0.231 -
3.569/0.014

a = b = d, c = d, 
c > a**

Hair color
Fair (n = 99)a 15.16 ± 2.86 23.95 ± 7.82 15.40 ± 4.66 20.20 ± 6.45 - 21.90 ± 6.97
Light brown (n = 182)b 15.38 ± 3.34 23.59 ± 7.59 14.77 ± 4.47 20.79 ± 6.51 - 22.39 ± 7.30
Dark brown (n = 443)c 14.91 ± 2.92 24.19 ± 7.33 15.09 ± 4.29 21.21 ± 6.25 - 22.28 ± 6.73
Black (n = 236)d 14.46 ± 2.96 22.26 ± 8.63 14.01 ± 5.13 19.65 ± 7.26 - 20.32 ± 7.67

F/p
3.482/0.015

a = b, a = c, a = d, 
c = d, b > c, b > d**

3.234/0.022
a = b = c, a = d, 

b = d, c > d*

3.546/0.014
a = b = c, a = d, 

a = c, b = d, c > d*

3.076/0.027
a = b = c, a = d, 

a = c, b = d, c > d*

-
4.537/0.004

a = b = c, a = d, 
a = c, b = d, c > d*

Skin color
Fair (n = 405)a 15.30 ± 2.98 - - - - -
Auburn/light brown 
(n = 293)b

14.67 ± 2.98 - - - - -

Brown/brunette 
(n = 262)c

14.58 ± 3.05 - - - - -

F/p
6.056/0.002

a > b = c**
- - - - -

Region living with family
Mediterranean 
(n = 107)a

- 23.65 ± 7.58 14.68 ± 4.58 21.10 ± 6.66 - 22.25 ± 7.10

Eastern Anatolian 
(n = 54)b

- 19.24 ± 9.58 12.72 ± 5.74 16.62 ± 7.49 17.48 ± 8.27

Aegean (n = 528)c - 24.46 ± 7.28 15.28 ± 4.25 21.20 ± 6.30 - 22.54 ± 6.64
Southeastern 
Anatolian (n = 78)d

- 22.88 ± 7.89 14.47 ± 4.52 21.07 ± 6.42 - 20.92 ± 7.23

Inner Anatolian 
(n = 66)e

- 22.22 ± 8.27 13.78 ± 5.13 19.95 ± 6.56 - 20.42 ± 7.79

Black Sea (n = 28)f - 20.42 ± 9.34 12.39 ± 5.23 19.21 ± 7.91 - 19.96 ± 8.71
Marmara (n = 99)g - 23.43 ± 7.68 15.06 ± 4.67 19.85 ± 6.62 - 21.61 ± 7.11

F/p -

5.275/0.000
a = b = d = e = f = g,
a = c = d = e = f = g, 

c > b*

4.884/0.000
a = b = d = e = f = g, 
a = c = d = e = f = g, 

c > b**

4.783/0.000
a = b = d = e = f = g,
a = c = d = e = f = g, 

c > b*

-

5.399/0.000
a = b = d = e = f = g,
a = c = d = e = f = g, 

c > b*

t, independent t-test; F, one-way analysis of variance; SCSKS, Skin Cancer Sun Knowledge Scale; Pbar, perceived barriers; PBen, perceived benefits; PSev, 
perceived severity; PSus, perceived susceptibility; SE, self-efficacy; Significance, p < 0.05; *Tamhane’s T2 test, **Tukey’s test.
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Relationship between knowledge about skin cancer and 
attitudes and beliefs about the disease

A significant positive correlation was observed between the mean 
SCSKS total score of the students and the HBMSSC sub-dimen-
sions: perceived susceptibility (r  =  0.193, p  <  0.001), perceived 
severity (r  =  0.176, p  <  0.001), perceived benefits (r  =  0.130, 
p < 0.001), perceived barriers (r = 0.120, p < 0.001), and self-effi-
cacy scores (r = 0.167, p < 0.001) (Table 3).

Table 4 presents the raw and standardized regression coeffi-
cients for each analysis step.

The SCSKS score explained 1.64, 1.12, 1.56, 1.17, and 1.34 of 
the variances in perceived susceptibility, perceived severity, per-
ceived benefits, perceived barriers, and self-efficacy, respectively, 
after controlling for other variables.

Regarding perceived susceptibility, severity, and barriers, gen-
der and SCSKS scores were significant in the final model (Model 2). 
Gender, training department, and SCSKS scores were significant 
for perceived benefits and self-efficacy. The training department, 
SCSKS score, and effective variables for perceived barriers were 
evaluated. Gender explained 1.58 of the variance in perceived ben-
efits and 1.65 of the variance in self-efficacy, while the SCSKS score 
explained the majority of the remaining variables.

DISCUSSION

Skin Cancer and Sun Knowledge Scale
The mean SCSKS score of the participants was 14.91, indicating 
moderate knowledge (4.23 ± 1.08), with scores ranging between 

Table 3. Mean SCSKS and HBMSSC score correlations (n = 960)
PSus PSev PBen PBar SE

r/p
SP-SS 0.083/0.010 0.063/0.052 0.046/0.155 0.035/0.275 0.075/0.044
T-SS 0.105/0.001 0.121/< 0.001 0.060/0.062 0.090/0.005 0.095/0.003
SCP-SS 0.165/< 0.001 0.119/< 0.001 0.105/0.001 −0.047/0.148 0.120/< 0.001
SCRF-SS 0.186/< 0.001 0.139/< 0.001 0.154/0.001 0.092/0.004 0.163/< 0.001
SSC-SS 0.087/0.007 0.085/0.009 0.840/0.009 0.076/0.018 0.090/0.005
SCSKS 0.193/< 0.001 0.176/< 0.001 0.130/< 0.001 0.120/< 0.001 0.167/< 0.001

Pbar, perceived barriers; PBen, perceived benefits; PSev, perceived severity; PSus, perceived susceptibility; r, Pearson correlation analysis; SCP-SS = Skin Cancer 
Prevention Subscale; SCRF-SS = Skin Cancer Risk Factors Subscale; SCSKS = Skin Cancer and Sun Knowledge Scale; SP-SS = Sun Production Subscale; SE, self-
efficacy; SSC-SS = Symptoms of Skin Cancer Subscale; T-SS = Tanning. p < 0.05.

Table 4. Variables predicting students’ attitudes and beliefs about skin cancer (n = 960)

Model 1

PSus PSev PBen PBar SE

R = 0.190/R2 = 0.036
F = 7.167/p = 0.000)

R = 0.167/R2 = 0.028
F = 6.830/p = 0.000

R = 0.184/R2 = 0.034
F = 8.375/p = 0.000

—
R = 0.212/R2 = 0.045
F = 8.839/p = 0.000

B SE β t/p B SE β t/p B SE β t/p B SE β t/p B SE β t/p

Constant 27.567 1.412 —
19.529/
< 0.001

18.052 0.761 —
23.735/
< 0.001

25.223 1.089 —
23.165/
< 0.001

— — — — 26.172 1.285 —
20.365/

0.001

Gender −3.589 0.700 −0.168
−5.127/
< 0.001

−1.909 0.414 −0.152
−4.615/< 

0.001
−3.119 0.592 −0.172

−5.268/
< 0.001

— — — — −3.608 0.639 −0.185
−5.650/
< 0.001

Department −0.322 0.252 −0.042
−1.279/

0.201
−0.157 0.149 −0.035

−1.055/
0.292

−0.501 0.213 −0.077
−2.352/

0.019
— — — — −0.339 0.230 −0.057

−1.739/
0.082

Class 0.587 0.226 0.083
2.603/
0.009

— — — — — — — — — — — — 0.561 0.206 0.087
2.731/
0.006

Hair color −0.084 0.225 −0.012
−0.373/

0.709
−0.162 0.132 −0.040

−1.222/
0.222

0.086 0.190 −0.015
−0.454/

0.650
— — — — −0.138 0.204 −0.022

−0.605/
0.500

Living region −0.111 0.158 −0.023
−0.704
/0.481

−0.037 0.093 −0.013
−0.402/

0.688
−0.091 0.134 −0.022

−0.678/
0.498

— — — — −0.100 0.144 −0.022
−0.695/

0.487

Model 2
R = 0.249/R2 = 0.062
F = 10.486/p = 0.000

R = 0.227/R2 = 0.052
F = 10.390/p = 0.000

R = 0.215/R2 = 0.046
F = 9.208/p = 0.000

R = 0.157/R2 = 0.025
F = 12.025/p = 0.000

R = 0.249/R2 = 0.062
F = 10.478/p = 0.000

Constant 21.002 1.895 —
11.084/
<0.001

14.112 1.101 —
12.817/
<0.001

21.183 1.586 —
13.357/
<0.001

12.834 0.684 —
18.753/
<0.001

21.268 1.734 −
12.266/
<0.001

Gender −3.085 0.698 −0.145
−4.421/
< 0.001

−1.649 0.412 −0.131
−4.001/
< 0.001

−2.852 0.594 −0.158
−4.805/
< 0.001

— — — — −3.231 0.639 −0.165
−5.053/
< 0.001

Department −0.356 0.249 −0.046
−1.433/

0.152
−0.171 0.147 −0.038

−1.162/
0.246

−0.516 0.212 −0.079
−2.433/

0.015
0.399 0.127 0.100

3.142/
0.002

0.427 0.206 0.066
2.069/
0.039

Class 0.407 0.225 0.058
1.805/
0.071

— — — — — — — — — — — — −0.425 0.228 −0.060
−1.867/

0.062

Hair color −0.039 0.222 −0.006
−0.176/

0.860
−0.131 0.131 −0.033

−0.101/
0.317

0.118 0.189 0.020
0.623/
0.533

— — — — −0.105 0.203 −0.017
−0.519/

0.604

Living region −0.107 0.156 −0.022
−0.686/

0.493
−0.037 0.092 −0.013

−0.396
/0.692

−0.090 0.133 −0.022
−0.675/

0.500
— — — — −0.097 0.142 −0.022

−0.680/
0.497

SCSKS 0.424 0.083 0.164
5.112/

< 0.001
0.238 0.049 0.156

4.986/
< 0.001

0.244 0.070 0.112
3.486/

< 0.001
0.155 0.042 0.117

3.659/
< 0.001

0.317 0.076 0.134
4.171/

< 0.001

Pbar = perceived barriers; PBen = perceived benefits; PSev = perceived severity; PSus = perceived susceptibility; SE = self-efficacy; SE = standard error; 
SCSKS = Skin Cancer and Sun Knowledge Scale.
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0 and 25. Compared to other studies, such as Kasar et al., which 
reported a mean SCSKS score of 13.64 ±  2.91 for nursing stu-
dents,39 a study comprising medical students demonstrated 
higher knowledge levels.40 However, this knowledge level was 
not as high as expected, especially considering the importance of 
health-related professions in educating the public about skin can-
cer. These results underscore the need for improved education on 
skin cancer for health science students in Turkey.

This study also identified that students training in the mid-
wifery department and first-year students have lower SCSKS scores. 
This could be attributed to the limited exposure of first-year students 
to health education. However, the low scores among midwifery stu-
dents, predominantly female, were unexpected. Given their role in 
providing health services and home health training, enhancing skin 
cancer education in midwifery programs is essential.41 The aver-
age score of female students was higher than that of male students. 
Midwives, similar to nurses, play a crucial in providing preventive 
health services to society and home health training.42 Therefore, these 
results highlight the importance of improving the education of mid-
wifery students in Turkey, suggesting the need for more information 
on skin cancer in midwifery education programs.

Findings regarding the relationship between skin color and knowl-
edge are inconclusive. While some studies found no difference based on 
hair color,39,41,43 others suggested that individuals with light-colored hair 
tend to have more knowledge of skin cancer.44,45 This study found that 
knowledge was higher among students with lighter skin. However, these 
differences may be influenced by the geographical region of the study.

Black-haired students obtained lower knowledge scores, although 
findings on the relationship between hair color and knowledge are 
mixed. While the results of this study are comparable with those of 
other studies,41,45 they contradict others.39 For instance, sensitivity 
to skin cancer risk factors, such as light hair, skin, and eye color, is 
well-documented.46-47 Despite many participants having dark brown 
or black hair, typically considered advantageous for the treatment 
of skin cancer, black-haired students scored lower on skin can-
cer knowledge. These findings suggest a need for further research. 
Perhaps individuals with dark brown or black hair could benefit 
from information on the risks of skin cancer in their demographic.

Additionally, the mean DKGBÖ test scores of female students 
were significantly higher than those of male students. These results 
are consistent with those of previous research.34,39,41,48 The results 
could be attributed to female students’ heightened sensitivity to 
aesthetic concerns and body image, which may make them more 
receptive to such topics. Furthermore, the higher perceived suscep-
tibility scores among female students further support this notion.

Attitudes and beliefs about skin cancer
Only one study has utilized this scale for university students,37 
thus the study results were compared with those of other studies.

The students’ mean score for perceived susceptibility was 
23.58 ± 7.79. Similar to a study conducted on university students,37 

the scores were positive. However, these results differ from those of 
a study involving medical students,49 where the mean perceived sus-
ceptibility score was low. Therefore, we hypothesized that enhanc-
ing students’ skin cancer risk education would increase their per-
ceived susceptibility levels.50

In the Health Belief Model, perceived severity influences per-
ceived disease threat, thereby increasing the likelihood of preventive 
action.50 The students’ perceived severity was moderate. The study 
results are comparable to those of medical students,49 but higher than 
those of a study conducted on university students.37 This difference 
may be attributed to the level of knowledge among individuals who 
keep up with health-related developments. Nonetheless, we antici-
pate an improvement in this regard. Moreover, this evaluation may 
indicate that many non-melanoma skin cancers are low-risk and 
easy to manage, whereas melanoma can be fatal in some cases.51 

Skin cancer interventions primarily focus on community or 
individual campaigns.52 Visual materials, such as ultraviolet (UV) 
photography, have been used to evaluate and influence skin cancer 
protection behaviors among university students.53-55 A systematic 
review53 found that UV photography significantly increasesd the 
perceived severity of photoaging. Furthermore, the authors rec-
ommended the use of UV photography and associated educational 
materials to enhance students’ sun protection behavior.53 Therefore, 
the findings suggest the need for alternative educational methods 
to enhance students’ perceived severity.

Contrary to the literature,49 the mean perceived benefit scores 
of the students in this study were lower and moderate. These results 
were unexpected, as we anticipated greater perceived benefits. 
This discrepancy may be attributed to the average level of skin can-
cer knowledge and sun exposure awareness in our research sample. 
Therefore, it is crucial to reflect on these findings when educating 
health science students. The findings demonstrate that alternative 
educational methods should be employed to enhance students’ 
perceived benefits, as health professionals play a critical role in 
counseling patients on skin cancer and sun-protective behaviors.

The mean perceived barrier scores of the students in this study 
were positive, consistent with previous studies.37,49 These findings indi-
cate that perceived severity, benefits, and self-efficacy can be influ-
enced. Another study on medical students identified a high level of 
knowledge about skin cancer but inadequate skin self-examination 
and sun protection behavior, primarily due to a lack of evaluation.30 

Similar to the literature,37,49 students’ mean self-efficacy scores 
were moderate. However, we expected students who had received 
health-related education to demonstrate better self-efficacy. Self-
efficacy is particularly important for the development of healthy 
lifestyle behaviors. Our findings suggest that alternative education 
programs could significantly impact attitudes and beliefs about skin 
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cancer among health science students. Visual educational materi-
als such as brochures, videos, and PowerPoint presentations have 
been shown to enhance self-efficacy.20,56 For instance, an educa-
tional intervention supported by visual materials increased skin 
self-examination behaviors among nursing students in Turkey.57 

Relationship between knowledge, attitude, and belief
Gender and SCSKS scores were significant in the final model for 
perceived susceptibility and severity. Gender, training depart-
ment, and SCSKS scores were significant for perceived benefits 
and self-efficacy. The training department, SCSKS score, and 
effective variables for perceived barriers were evaluated. Gender 
explained 1.58 of the variance for perceived benefits and 1.65 of 
the variance for self-efficacy, while the SCSKS score accounted 
for most of the variance for other variables.

The higher mean scores for perceived benefits and self-efficacy 
among female students in this study were expected. Female stu-
dents, being more sensitive to aesthetic concerns and body image, 
may also be more attentive to the subject and better at self-moni-
toring. However, most students in this study were female and had 
only moderate skin cancer and sun protection knowledge, we con-
sider skin cancer and sun protection knowledge to be significant 
variables in attitudes and beliefs regarding skin cancer.

Although the present study reveals important findings, it has 
several limitations. First, not all students participated because the 
study was voluntary. Second, the results may not be generalizable 
to all health science students as the sample included only health 
science students from one faculty. Third, the results were based on 
individual reports. Nonetheless, we believe that the data collection 
tools were effective in evaluating skin cancer and sun protection 
knowledge, attitudes, and beliefs regarding skin cancer.

CONCLUSION
This study revealed a moderate level of skin cancer and sun 
protection knowledge among health science students, how-
ever, their attitudes and beliefs regarding skin cancer were not 
as expected. While their perceived susceptibility and barriers 
to skin cancer were positive, their perceived severity, perceived 
benefits, and self-efficacy were moderate. Furthermore, female 
gender was a significant factor for perceived benefits and self-
efficacy, while skin cancer and sun protection knowledge were 
significant variables for perceived susceptibility, severity, and 
barriers. These findings underscore the importance of a com-
prehensive educational approach to enhance skin cancer atti-
tudes and beliefs among health science students, thereby foster-
ing behavioral changes and promoting skin cancer protection. 
Effective training programs are crucial for the health and well-
being of our study population and the patients they will serve as 
future health professionals.
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Reliability across content areas in progress tests assessing 
medical knowledge: a Brazilian cross-sectional study with 
implications for medical education assessments
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Zilda Maria Tosta RibeiroX, Júlio César MorigutiXI, Angélica Maria BicudoXII

Universidade Estadual Paulista, Faculdade de Medicina de Botucatu, São Paulo, Brazil

INTRODUCTION
Traditionally, Brazilian medical schools have divided general medical education assessments 
into five content areas: internal medicine, surgery, pediatrics, obstetrics and gynecology, and 
public health. This division was the consequence of a resolution passed in 2000 by the National 
Medical Residency Commission,1 which defined the organization of the selection processes 
nationally. Despite the several modifications to the resolution in subsequent years, the equitable 
division of the number of items between the five content areas has remains untouched.

Therefore, all medical selection processes for general specialties (e.g., internal medicine, pedi-
atrics, and general surgery) and direct-access specialties (e.g., anesthesiology, ophthalmology, 
and radiology) are legally obligated to use this division. Similarly, many undergraduate medi-
cal curricula follow this division, either for conducting assessments, such as inter-institutional 
progress testing,2 or for organizing clerkship rotations.3

However, this equitable division of item numbers does not conform to international patterns. 
In the Netherlands, progress testing uses a two-dimensional blueprint that includes elements 
from disciplines (e.g., surgery, dermatology, pediatrics, and physiology) and categories (e.g., the 
respiratory and musculoskeletal systems).4 The German Progress Test Medizin is blueprinted 
according to organ systems with different percentages for each (e.g., 11% for the cardiac system 
and 4.5% for skin).5 Similarly, Step 2 of the United States Medical Licensing Examination includes 
differential weighing of content areas (e.g., 8–10% for the cardiovascular system and 4–6% for 
pregnancy, childbirth, and puerperium).6
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ABSTRACT
BACKGROUND: Brazilian medical schools equitably divide their medical education assessments into five 
content areas: internal medicine, surgery, pediatrics, obstetrics and gynecology, and public health. However, 
this division does not follow international patterns and may threaten the examinations’ reliability and validity. 
OBJECTIVE: To assess the reliability indices of the content areas of serial, cross-institutional progress test 
examinations.
DESIGN AND SETTINGS: This was an analytical, observational, and cross-sectional study conducted at 
nine public medical schools (mainly from the state of São Paulo) with progress test examinations conduct-
ed between 2017 and 2023.
METHODS: The examinations covered the areas of basic sciences, internal medicine, surgery, pediatrics, 
obstetrics and gynecology, and public health. We calculated reliability indices using Cronbach’s α, which 
indicates the internal consistency of a test. We used simple linear regressions to analyze temporal trends. 
RESULTS: The results showed that the Cronbach’s α for basic sciences and internal medicine presented 
lower values, whereas gynecology, obstetrics, and public health presented higher values. After changes 
in the number of items and the exclusion of basic sciences as a separate content area, internal medicine 
ranked highest in 2023. Individually, all content areas except pediatrics remained stable over time. 
CONCLUSIONS: Maintaining an equitable division in assessment content may lead to suboptimal results 
in terms of assessment reliability, especially for internal medicine. Therefore, content sampling of medical 
knowledge for general assessments should be reappraised.
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Furthermore, the numbers of items across different content 
areas have implications for examination reliability, which is the 
reproducibility of assessment outcomes over time or on specific 
occasions, that is, the consistency of measurements. Therefore, 
owing to a large component of random errors, the data resulting 
from low-reliability assessments may threaten the generalization 
and interpretation of the results.7

OBJECTIVE
This study aimed to assess the reliability indices of the content 
areas of serial, cross-institutional progress test examinations con-
ducted in the state of São Paulo between 2017 and 2023.

METHODS

Study design
We conducted an analytical, observational, cross-sectional study 
based on data from a retrospective database of inter-institutional 
progress test examinations held between 2017 and 2023 in nine 
public medical schools (mainly from the state of São Paulo). 
We  considered only the grades achieved by sixth-year medical 
students as the test was designed at the level of a recently gradu-
ated physician. Table 1 presents the number of participating stu-
dents for each year.

Ethical considerations
We used only secondary data from the examinations and did not 
identify individual students; therefore, approval from an ethical 
review board was not necessary according to national legislation.

Settings and progress test information
The participating schools joining a consortium were Universidade 
Estadual Paulista (UNESP), Universidade Estadual de Campinas 
(UNICAMP), Universidade de São Paulo (USP – Ribeirão Preto), 
USP – Bauru, Universidade Federal de São Paulo (UNIFESP), 
Universidade Federal de São Carlos (UFSCAR), Faculdade de 
Medicina de Marília (FAMEMA), Faculdade de Medicina de São 
José do Rio Preto (FAMERP), and Universidade Estadual de 

Londrina (UEL). Universidade Regional de Blumenau (FURB) 
participated in the progress test examinations from 2017 to 2022. 
Further, Universidade de São Paulo, Bauru campus was inaugu-
rated in 2018; consequently, their sixth-year students partici-
pated in the progress test examinations only in 2023. 

From 2017 to 2022, the progress test examination consisted 
of 120 multiple-choice questions equally divided into 20 items 
from basic sciences, internal medicine, pediatrics, surgery, gyne-
cology and obstetrics, and public health. The use of basic sci-
ences as a content area was related to the consortium’s specific 
history. However, in 2023, basic sciences-related content was 
distributed among the other five areas, and the number of items 
was changed to emphasize internal medicine more. Therefore, 
in 2023, the items were 34 for internal medicine, 23 for pediat-
rics, 23 for surgery, 20 for gynecology and obstetrics, and 20 for 
public health. The items were based on clinical vignettes and 
focused on applied knowledge rather than on the retrieval of 
memorized information.

Data analysis
We calculated reliability indices using Cronbach’s α coefficients,8 
which provide a measure of the internal consistency of a scale 
or test and range from 0 (low consistency) to 1 (high consis-
tency). Tavakol and Dennick have stated that “internal consis-
tency describes the extent to which all the items in a test measure 
the same concept or construct and hence it is connected to the inter-
relatedness of the items within the test.”9 We calculated the α coef-
ficients of each content area for each examination year using the 
following formula:
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We tested the differences between the mean α coefficients 
using one-way analysis of variance (ANOVA) and calculated 
temporal trends in α coefficients using a simple linear regres-
sion model. The statistical significance level was set at P = 
0.05. We performed statistical analyses using SPSS, version 
24.0 (IBM Corp., Armonk, New York, United States) and Prism 
9 for MacOS (version 9.5.0, GraphPad Software, San Diego, 
California, United States).

RESULTS
In terms of the absolute values of the α coefficients, basic sci-
ences and internal medicine presented lower values, whereas 
gynecology and obstetrics, and public health presented higher 
values (Figure 1). After ranking the content areas according to a 

Table 1. Number of participating sixth-year medical students across 
the observational period

Year Number
2017 687
2018 742
2019 713
2020 712
2021 666
2022 726
2023 525
Total 4771
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top-down classification of the α coefficients, we found that basic 
sciences ranked last in almost all years. Internal medicine had 
intermediate to low positions. Further, pediatrics and surgery 
had intermediate positions, while public health and gynecology 
and obstetrics were the highest-ranked areas. After the changes 
in the number of items and the absence of basic sciences as a 
separate content area in 2023, internal medicine had the high-
est position.

The mean α coefficients from 2017 to 2023 were 0.497, 0.600, 
0.621, 0.597, 0.640, and 0.683 for basic sciences, internal medicine, 
pediatrics, surgery, gynecology and obstetrics, and public health, 
respectively. We found no statistically significant difference in the 
mean values (F = 2.432, P = 0.054). 

Figure 2 shows the analysis of the temporal trends of each 
area, which revealed a significant difference in the intercept values 
of the lines, with basic sciences and internal medicine presenting 
the lowest values (F = 2.897, P = 0.027). That is, the initial values 
of the trend lines were significantly lower in these two content 
areas. Individually, all content areas except pediatrics remained 
stable over time, and pediatrics presented a significant upward 
trend despite a slight decrease in 2022.

Regarding the slopes, that is, the annual change in trend line 
characteristics, we found no difference between the content areas 
(F = 0.206, P = 0.957). Therefore, despite the differences in the ini-
tial values, the lines remained parallel to each other, with a pooled 
slope of 0.026, which indicates a slight increase in the examina-
tions’ overall consistency (Table 2).

DISCUSSION
The use of progress testing by medical schools is increasing in 
Brazil as feedback for students, faculty, and institutions effec-
tively improves medical education.2,10,11

Created in the Netherlands and USA in the 1970s, progress 
testing began to be used in Brazil at Universidade de São Paulo and 
Universidade Estadual de Londrina between the late 1990s and early 
2000s. The first progress testing examinations at Universidade de 
São Paulo consisted of 100–130 items divided into three areas: basic 
sciences, clinical sciences, and clerkship rotations. This division 
followed the traditional organization of medical curricula, and the 
number of items in each area was weighted according to the dis-
ciplines’ workload.11 At Universidade Estadual de Londrina, the 
test was divided into six areas: basic sciences, internal medicine, 
pediatrics, surgery, gynecology and obstetrics, and public health.13

This organization of curricula and assessments has been used 
in Brazil since the early 1990s owing to the immense efforts of 
the Interinstitutional Commission for the Evaluation of Medical 
Education (CINAEM).14 This commission has played an import-
ant role in restructuring medical education in Brazil, especially in 
assessing medical school processes.15 Their work culminated in the 
publication of the National Curricular Guidelines in 2001,16 which 
was a landmark for medical education settings. The guidelines 
were reviewed years later in 2014 to emphasize other important 
domains for recently graduated general physicians, such as men-
tal health, urgency, and emergencies.17,18

However, the equitable division of the number of items in gen-
eral medical education assessments has not yet been adequately 
reappraised. The present results demonstrate that following this 
distribution may lead to suboptimal results in terms of assessment 
reliability, especially for internal medicine. This is why the consor-
tium of public medical schools in the state of São Paulo changed 
the number of items across the content areas in progress testing 
in 2023. Consequently, the reliability index for internal medicine, 
which ranked highest, immediately increased. The increase in the 
number of items alone may have led to this result as the α coeffi-
cient is considerably influenced by the number of items.19 While 
this may be true, it is only a part of the effect.

Following the well-accepted aphorism of biomedical research, 
increasing the sample size leads to more reliable results.20 Twenty 
items do not seem sufficient to adequately sample all the con-
tent that medical students should know about internal medicine. 
In addition, if internal consistency refers to the extent to which 
different items measure the same construct, it is worth imagining 
how distant an item about acute myocardial infarction may be from 
another item about osteoarthritis. In contrast, for obstetrics, an 
item addressing gestational hypertension is expected to be simi-
lar to an item referring to HELLP syndrome (i.e., these two items 
probably measure the same construct).

Figure 1. Heat map of alpha coefficient values for the six 
content areas between 2017 and 2023.
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Incorporating basic sciences into the other content areas was 
a necessary adjustment to the test. As initially designed, prog-
ress tests must be structured at the graduate level, and therefore, 
writing items for “first year students to get right” is not adequate.21 
Therefore, items testing knowledge about basic sciences should be 
framed at the functional level of a recently graduated physician. 
Increasing the number of items in all content areas would be ideal; 
however, the extent to which tiredness undermines students’ per-
formance remains unclear. Therefore, we retained all 120 items.

We observed the best reliability indices for all six content 
areas in 2019, 2021, and 2023, and this is no coincidence. In those 
years, the progress test included pre-tested items, that is, items 
that had been previously used and selected based on their good 
psychometric properties. This finding highlights the benefits that 
medical schools can derive by supporting their faculty’s ability to 
write good items that obtain better assessments22; this is especially 
important for basic sciences, whose faculties are lesser experienced 

with writing clinical-based items.23 Good items have higher tax-
onomic levels and better psychometric behavior, and therefore, 
they provide more reliable results.24,25 Thus, better assessment is 
the key to improving medical education as it steers learning along 
the right path.26 Moreover, we observed that the α coefficients of all 
content areas has been increasing over the years, which indicates 
that this consortium of public medical schools in the state of São 
Paulo has improved the quality of the progress test examination.

Previous studies have highlighted the need to better explore 
the validity of assessments in medical education.27,28 In this con-
text, validity measures the truth of the inferences made from the 
results of an examination. Reliability is not sufficient to guarantee 
validity but is a condition for it.29 Our study focused on a partic-
ular domain of validity—that is, a psychometric focus on reliabil-
ity. Nevertheless, our results call attention to the importance of a 
broader perspective on medical education assessment and the need 
to reappraise content sampling of medical knowledge. 

Table 2. Linear regression models of temporal trends for each content area’s reliability index
Area Intercept Slope R2 P value
Basic sciences 0.441 1.6% 0.063 0.632
Internal medicine 0.469 3.3% 0.332 0.176
Pediatrics 0.473 3.7% 0.691 0.020
Surgery 0.504 2.3% 0.288 0.214
Gynecology and obstetrics 0.543 2.4% 0.266 0.236
Public health 0.610 1.8% 0.420 0.116

The intercept refers to the point at which the regression line crosses the y axis. The slope refers to the annual percentage change. R2 is the determination 
coefficient: the closer to “1,” the better the adjustment of data to the regression. All areas showed a positive trend towards improvement in the reliability index, 
with a significant trend for Pediatrics (P < 0.05).

Figure 2. Alpha coefficient values (y axis) for each content area of progress testing between 2017 and 2023, with their respective trend 
lines. Basic sciences had the lowest intercept value and only pediatrics had a statistically significant upward trend.
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Acute renal failure, COVID-19 and deaths, worrying rates 
in intensive care units: a cross-sectional study
Yoshimi José Ávila WatanabeI, Lívia Maria Rezende CarvalhoII, João Victor Marques GuedesIII, André Oliveira BaldoniIV, 
Vinícius Silva BeloV, Alba OtoniVI

Universidade Federal de São João del-Rei (UFSJ), Divinópolis, MG, Brazil

INTRODUCTION
Acute kidney failure is a serious consequence of severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infection. Its occurrence can vary from 0.5% to 7% of the general popula-
tion, being more frequent among those who are hospitalized and mainly in those who require 
intensive treatment.1,2 During the coronavirus disease 2019 (COVID-19) pandemic, a greater 
number of patients with acute kidney injury (AKI) were observed in Brazil and worldwide.3,4,5

Specifically in Brazil, a study from Rio de Janeiro reported a high incidence of AKI in individ-
uals with COVID-19 and an association with high mortality, highlighting the risk factors or pre-
dictors: acute respiratory distress syndrome, age, altered glomerular filtration rate, and systemic 
arterial hypertension.6 In addition to AKI, the mortality rate was high for patients with chronic 
kidney disease (CKD), understood as abnormalities in the structure and/or function of the kid-
neys present for more than three months with implications for health, in Brazil.7 The authors 
suggested that comorbid events, socioeconomic conditions, health system deficiencies, structural 
care inefficiencies, as well as social inequality allowed the advance of this pandemic infectious 
disease with a high frequency of lethal outcomes.7

People infected with SARS-CoV-2 have different outcomes, particularly when comparing 
those with and without known prior kidney disease. The reasons suggested for the different 
courses and outcomes are still inconclusive but suggest that there is an association with inflam-
matory “status” and response to infection, as the main motivator and promoter of the outcomes.6

Considering the severity and lethal impact of COVID-19, it is important to understand the epi-
demiological profile of patients affected by the disease and those with dysfunction or metabolic dis-
orders involving the kidneys. Such information will be useful to better understand the evolutionary 
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ABSTRACT
BACKGROUND: Acute kidney failure is a serious consequence of coronavirus disease 2019 (COVID-19).
OBJECTIVES: To identify the prevalence of COVID-19, kidney failure, frequency of death, and associated 
factors in patients receiving intensive care.
DESIGN AND SETTING: Analytical cross-sectional study conducted in the intensive care unit (ICU) of a 
medium-sized philanthropic general hospital in center-west Minas Gerais.
METHODS: Adults and older individuals who underwent real-time polymerase chain reaction testing for 
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) were evaluated by the nephrology team. 
RESULTS: Among the 176 patients, the prevalence of COVID-19 and acute kidney injury (AKI) were 103 
(58.5%) and 132 (75%), respectively, and 44 (25%) had chronic kidney disease (CKD) and 16 (15,5%) were 
positive for SARS-CoV-2. In the Charlson index classification, which estimates the risk of death, a statistically 
significant difference was identified in the percentages of groups with and without COVID-19 for indices 
0, 1, and 2. There was a significant association between kidney disease and ICU mortality (P < 0.05). Pa-
tients with CKD had fewer fatal outcomes (13/97, 13.4%) than those with AKI (85/97, 87.6%).
CONCLUSIONS: COVID-19 rates remained high long after diagnosis and prevention of SARS-CoV-2 in-
fection. In addition, a higher death rate among patients who developed AKI, whose prevalence was also 
greater than that in the national literature, regardless of the presence of COVID-19, revealed a worrying 
scenario and corroborated the need for early and judicious approaches to preserve the lives of patients 
with AKI admitted to intensive care units.
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course of this group of patients and, consequently, enable a better 
propaedeutic and therapeutic approach as well as logistical, financial, 
and operational management of the public health system.

OBJECTIVE
This study aimed to identify the prevalence of COVID-19, kid-
ney failure, frequency of death, and associated factors in patients 
admitted to an intensive care unit (ICU).

METHODS

Outline
This cross-sectional study was conducted during the first half of 
2022 in the intensive care unit of a large hospital complex in the 
Midwest region of Minas Gerais, Brazil. The Strengthening the 
Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines were adopted to strengthen and guarantee the require-
ments of an observational study.8 The Nephrology Service was 
activated to evaluate patients with renal alteration or metabolic 
dysfunction, with hospitalization ranging from zero to four days 
for those without COVID-19 (Tested Negative for SARS-CoV-2) 
and one to 11 days for the COVID-19 group (Tested Positive for 
SARS-CoV-2). Medical records were used for evaluation.

Participants and sample power calculation
Adult and older patients of both sexes who were admitted to the 
ICU in the first half of 2022 with evidence of renal impairment, 
which is subsequently referred to as kidney failure, and who 
underwent the real-time polymerase chain reaction (RT-PCR) 
test for SARS-CoV-2, were considered eligible, and those with 
incomplete information in their medical records were excluded.

During the study period, 1,321 patients were hospitalized. Of 
these, 485 were admitted to the ICU and 836 were admitted to the 
infirmary, of whom 87 died. Among those admitted to the IUC 
(485), 355 underwent tests for SARS-Cov-2, and 186 also had kid-
ney failure. Therefore, this cohort was eligible for inclusion in this 
study. Of these, 10 were excluded because of incomplete data, hence 
the study cohort comprised 176 participants. Of these, 103 tested 
positive, and 73 tested negative for SARS-CoV-2. Among the same 
cohort of 176 patients who had kidney failure, 132 had AKI and 
44 had CKD. Among those with CKD, one was discharged from 
the ICU and 13 died. It is noteworthy that only for the analysis 
of mortality, the patient with CKD who was discharged from the 
ICU was not included in this analysis (Figure 1).

The estimation of sample size was estimated using G*Power 
software, version 3.1.9.2. (Written by Franz Paul, University of 
Kiel, Kiel, Germany). The prevalence of kidney disease in patients 
without COVID-19 (73) and with COVID-19 (103) was consid-
ered at a significance level of 5% and the sample power was 92.7%.

Study variables of interest
The following outcomes were considered: the results of the SAR-
Cov-2 test (positive or negative) using RT-PCR. In addition, the 
outcome (fatal or nonfatal) was considered to assess the impact of 
kidney failure on death rates, with the presence or absence of CKD 
and AKI as the main explanatory variables, in addition to the other 
explanatory variables for both outcomes, as described below.

The explanatory variables were grouped into sociodemo-
graphic: age (continuous) and sex; and clinical: present or absent 
comorbidities; presence of Stage 3 acute kidney disease classi-
fied as creatinine ≥ 4.0 mg/dL or ≥ 3 times baseline, or decline in 
urine output by < 0.3 mL/kg/h for ≥ 24 h, or anuric for ≥ 12 h, and 
presence of CKD;9 renal replacement therapy; and the Charlson 
Comorbidity Index, which uses 19 diseases that have a fixed 
weight assigned that vary between one and six points based on 
the severity of the condition.10

Statistical analysis
Frequency and dispersion measures were used to character-
ize the sociodemographic and clinical profiles of the cohort. 
Categorical variables are presented as absolute values and per-
centages and quantitative variables as medians and quartiles, 

 

Patients admitted to the hospital during 
the study period (n = 1,321) 

Hospitalization 

ICU: 485 Infirmary: 836 

Tested for SARS-CoV-2 (RT-PCR): 355 

Evaluated by the Nephrology Team (Eligible 
Population): 186  

Excluded from the 
study due to incomplete 

data: 10 

Study Population (kidney failure):176 

Died: 87 

Tested Negative for SARS-CoV-2: 73 

Tested Positive for SARS-CoV-2: 103 

Acute:132 Chronic: 44 

Died: 84 

Discharge 
from ICU: 1 Died: 13 

ICU, intensive care unit; SARS-CoV-2, severe acute respiratory 
syndrome coronavirus 2 2019; RT-PCR, real-time reverse transcription 
polymerase chain reaction.

Figure 1. Flowchart of patients evaluated in the study and 
evolution to death.



Acute renal failure, COVID-19 and deaths, worrying rates in intensive care units: a cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2024;142(6):e2023150     3

considering the asymmetric distribution of data, as indicated by 
the Shapiro-Wilk test.

Associations between sociodemographic and clinical variables 
and outcomes were analyzed using the Chi-square test or Fisher’s 
Exact test. The association between quantitative variables and 
the outcomes was determined using the Mann–Whitney U test. 
For multiple analysis in the logistic regression models, all explan-
atory variables that were P < 0.20 in the bivariate association were 
included, and the backward technique was applied. For the final 
model, as well as for the statistical tests conducted, a significance 
level of P < 0.05 was adopted. All analyses were performed using 
Statistical Package for the Social Sciences, version 25 (SPSS, IBM, 
Armonk, New York, United States).

Ethical aspects
This study was approved by the Ethics Committee for Research 
involving Human Beings of the Universidade Federal de São 
João del-Rei (C.A.A.E. 11780919.8.0000.5545) with technical 
approval number: 3,359,799, on July 18, 2019. To guarantee the 
consent of the participants, an Informed Consent Form was pre-
sented to each patient, which was then signed.

RESULTS
Of the total participants, the majority were male (97  =  55.1%) 
and older with a median age of 60 years (Quartiles: 47-73). 
The frequencies of COVID-19, AKI, and CKD were, 103 (58.5%) 
132 (75%), and 44 (25%), respectively. There were 73 (41,4%) 
patients without COVID-19. The frequency of AKI was signifi-
cantly higher in patients with COVID-19 (Table 1).

In the Charlson Comorbidity Index, a statistically signif-
icant difference was identified between the COVID-19 group 
and the non-COVID-19 group in the proportions of individu-
als with indices 0, 1, and 2, which are considered lighter indi-
ces. There was a higher proportion of the zero index in the 
COVID-19 group and indices 1-2 had higher proportions in 
the non-COVID-19 group.

The bivariate analysis of the association between COVID-19 
outcomes and explanatory variables is shown in Table 1.

With regard to the multivariate analysis, the variables with 
P < 0.20 and thus included in the model, were comorbidities (heart 
disease, vasculopathy, pneumopathy, oncology disorders, and 
obesity), kidney failure, Charlson Comorbidity Index, death, and 
renal replacement therapy. However, in the final model, none 
showed a significant association with the COVID-19 and non-
COVID-19 outcomes.

When performing the bivariate analysis considering death 
as the outcome, a significant association was identified in the 
progression to death between patients with AKI and those 
with CKD (P = .01). Patients with CKD had a lower mortality 

rate (13/97, 13.4%) compared with those diagnosed with AKI 
(85/97, 87.6%) (Table 2). However, this association was not sig-
nificant in the multivariate logistic regression. When patients 
simultaneously had COVID-19 and AKI (n = 87), the mortal-
ity rate was 69.0% (data not shown).

Table 1. Association between the presence and absence of coronavirus 
disease 2019 with sociodemographic and clinical variables in patients 
evaluated by nephrology, admitted to the intensive care unit of a large 
hospital in a city in the Midwest of Minas Gerais in the first half of 2022 
(n = 176)

Variables
COVID-19 
negative 
(n = 73)

COVID-19 
positive
(n = 103)

Total P*

Sex
Female 34 (46.6%) 45 (43.7%) 79 (44.9%)

0.70
Male 39 (53.4%) 58 (56.3%) 97 (55.1%)

Age (median) 63 (55 – 73) 60 (47 – 71) 0.28
Cardiopathy

No 54 (74.0%) 89 (86.4%) 143 (81.3%)
0.03

Yes 19 (26.0%) 14 (13.6%) 33 (18.8%)
Vasculopathy

No 63 (86.3%) 99 (96.1%) 162 (92.0%)
0.02

Yes 10 (13.7%) 4 (3.9%) 14 (8.0%)
DM

No 52 (71.2%) 78 (75.7%) 130 (73.9%)
0.50

Yes 21 (28.8%) 25 (24.3%) 46 (26.1%)
SAH

No 50 (68.5%) 69 (67.0%) 119 (67.6%)
0.83

Yes 23 (31.5%) 34 (33.0%) 57 (32.4%)
Pneumopathy

No 71 (97.3%) 91 (88.3%) 162 (92.0%)
0.04

Yes 2 (2.7%) 12 (11.7%) 14 (8.0%)
Oncology disorders

No 69 (94.5%) 103 (100.0%) 172 (97.7%)
0.02

Yes 4 (5.5%) 0 (0%) 4 (2.3%)
Kidney disease

Acute 45 (61.6%) 87 (84.5%) 132 (75.0%)
<0.01

Chronic 28 (38.4%) 16 (15.5%) 44 (25.0%)
Charlson index

0** 30 (41.1%) 60 (58.3%) 90 (51.1%)

0.04
1 – 2** 20 (27.4%) 12 (11.7%) 32 (18.2%)
3 – 4 12 (16.4%) 16 (15.5%) 28 (15.9%)
≥ 5 11 (15.1%) 15 (14.6%) 26 (14.8%)

Obesity (n = 109)
No 46 (93.9%) 47 (78.3%) 93 (85.3%)

0.02
Yes 3 (6.1%) 13 (21.7%) 16 (14.7%)

ICU Death (n = 176)
No 43 (58.9%) 35 (34.3%) 78 (44.6%)

<0.01
Yes 30 (41.1%) 67 (65.7%) 97 (55.4%)

RRT (n = 119)
No 34 (65.4%) 30 (44.8%) 64 (53.8%)

0.02
Yes 18 (34.6%) 37 (55.2%) 55 (46.2%)

*Chi Square Test and Fisher’s Test; **Statistically different values between COVID- 
and COVID+; ICU = intensive care unit; DM = diabetes mellitus; SAH = systemic 
arterial hypertension; RRT = Renal Replacement Therapy.
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DISCUSSION
The increased frequency of COVID-19 with simultaneous AKI 
in the ICU has revealed a worrying scenario. During the second 
wave of COVID-19 in Brazil, in which many severe cases were 
recorded, acute renal involvement was to be expected among 

people hospitalized with the SARS-CoV-2 virus but the preva-
lence rate found in this study was higher than the rates of AKI 
described in the current literature, which had a mean of approxi-
mately 60%.5,12,13

In a hospital study performed in China, whose objective was to 
evaluate the impact of AKI on the clinical evolution of COVID-19, 
an incidence of 12.9% of AKI was identified, increasing the risk of 
death for those hospitalized for COVID-19.14 Corroborating these 
findings, a cohort developed in New York with 5,449 people identi-
fied that 1,993 (36.6%) developed AKI, 31.1% of these in Stage 3.15

In the Brazil, the percentage of patients with AKI has been 
variable, but still below that found in the present study. In a study 
performed in the state of Paraná/Brazil, it was found that 11.6% 
of patients developed AKI.16 In contrast, a study performed in the 
state of Rio de Janeiro reported that 55.9% of patients with COVID-
19 admitted to the ICU developed AKI, with the majority (66.7%) 
advancing to Stage 3.4

In view of the results of national surveys, it is necessary to reflect 
on the reason for such high rates of AKI in the patients involved 
in the current study, as well as the reason for the wide variety of 
AKI frequencies of acute kidney disease in ICUs. Such diverse per-
spectives can be explained by population demographics, comor-
bidities, and disease severity inherent to each patient profile and 
Brazilian regional location.

With regard to the pandemic period, many other factors could 
account for the high prevalence of AKI triggered by COVID-19, 
including the hyperinflammatory state due to the virus binding 
to angiotensin-converting enzyme 2 receptors, perfusion deficits, 
and the use of nephrotoxic drugs, which may favor tubulointer-
stitial nephritis and affect the kidney as a whole.6 It is important 
to note that there is a consensus in the literature that the develop-
ment of AKI in patients with COVID-19 decreases their survival 
and exponentially increases the risk of death.4,17,18

This consensus from the literature was corroborated by our find-
ings, which, demonstrated the impact on the mortality of patients 
with COVID-19 and simultaneous AKI and revealed a mortality 
rate of almost 70%, higher than that reported in the literature.

Hirsch et al.15 identified a 35% mortality rate among patients 
with COVID-19 and AKI and showed that mortality was higher 
among those classified as having Stage 3 acute renal impairment. 
In a study by Costa et al.4 a significant difference was found in the 
mortality rates between patients with COVID-19 with and with-
out renal involvement (33.3% and 9%, respectively). In another 
important study, Aroca et al.17 reported that patients with COVID-
19 who developed AKI had an 11.83 times greater risk of death 
than those without AKI.

It is also interesting to note that, although not common 
in national studies, international studies have emphasized the 
Charlson Comorbidity Index to weigh the risk of death and add 

Table 2. Association between the presence and absence of 
death in the intensive care unit with sociodemographic and 
clinical variables in patients evaluated by nephrology, admitted 
to the intensive care unit of a large hospital in a city in the 
Midwest of Minas Gerais in the first half of 2022 (n = 175)

Variables 
No

(n = 78)
Yes

(n = 97)
Total P*

Sex
Female 31 (39.7%) 48 (49.5%) 79 (45.1%)

0.19
Male 47 (60.3%) 49 (50.5%) 96 (54.9%)

Age (median) 61 (49 – 72) 62 (48 – 70) 0.20
Cardiopathy

No 63 (80.8%) 79 (81.4%) 142 (81.1%)
0.91

Yes 15 (19.2%) 18 (18.6%) 33 (18.9%)
Vasculopathy

No 71 (91%) 90 (92.8%) 161 (92.0%)
0.67

Yes 7 (9%) 7 (7.2%) 14 (8.0%)
DM

No 55 (70.5%) 74 (76.3%) 129 (73.7%)
0.38

Yes 23 (29.5%) 23 (23.7%) 46 (26.3%)
SAH

No 53 (67.9%) 65 (67.0%) 118 (67.4%)
0.89

Yes 25 (32.1%) 32 (33.0%) 57 (32.6%)
Pneumopathy

No 73 (93.6%) 88 (90.7%) 161 (92.0%)
0.48

Yes 5 (6.4%) 9 (9.3%) 14 (8.0%)
Oncology disorders

No 76 (97.4%) 95 (97.9%) 171 (97.7%)
0.99

Yes 2 (2.6%) 2 (2.1%) 4 (2.3%)
Kidney disease

Acute 48 (61.5%) 84 (87.6%) 132 (75.4%)
<0.01

Chronic 30 (38.5%) 13 (13.4%) 43 (24.6%)
Charlson index

0** 32 (41%) 58 (59.8%) 90 (51.4%)

0.01
1 – 2** 21 (26.9%) 10 (10.3%) 31 (17.7%)
3 – 4 11 (14.1%) 17 (17.5%) 28 (16.0%)
≥ 5 14 (17.9%) 12 (12.4%) 26 (14.9%)

Obesity (n = 109)
No 40 (93%) 53 (80.3%) 93 (85.3%)

0.09
Yes 3 (7%) 13 (19.7%) 16 (14.7%)

COVID (n = 175)
Negative 43 (55.1%) 30 (30.9%) 73 (41.7%)

<0,01
Positive 35 (44.9%) 67 (69.1%) 102 (58.3%)

RRT (n = 119)
No 24 (48%) 40 (58%) 64 (53.8%)

0.28
Yes 26 (52%) 29 (42%) 55 (46.2%)

*Chi Square Test and Fisher’s Test; **Statistically different values 
between death and non-death in the ICU only in the marked classes; 
DM = diabetes mellitus; SAH = systemic arterial hypertension; 
RRT = Renal Replacement Therapy.
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more solidity to the results related to mortality rates.11 In this per-
spective, although the multivariate analysis of this study did not 
find significant associations between the Charlson Comorbidity 
Index and the presence of COVID-19 or between the Charlson 
Comorbidity Index and death, the consensus view in the literature 
is that most patients diagnosed with COVID-19 and comorbidi-
ties, most commonly heart disease, systemic arterial hypertension, 
diabetes mellitus, and obesity, have a higher mortality rate.4,16,18,19,20

Finally, considering the entire scenario presented based on the 
literature and aligned with our results, we can state that the evolu-
tion of COVID-19 combined with renal dysfunction contributes 
to the aggravation of the patient’s condition, which may explain 
the failure of multiple organs and high death rate in this group. 

Study limitations
The results of this study cannot be generalized because they 
were conducted on individuals admitted to a single hospi-
tal. It should be noted that the lack of official health records of 
information essential for conducting the study limited the inclu-
sion of more participants. Brazil is still not effectively using offi-
cial health records as a secondary and complete source of data. 
Most national studies point to the lack of data as a limiting factor 
for achieving a larger “n” and for more complex analyses.

Even so, it should be noted that the institution where the study 
was carried out is a reference hospital for COVID-19 for the popu-
lation of 54 municipalities, which together represent approximately 
one million people, and therefore increases the representativeness 
of the results shown here.

CONCLUSION
This study revealed a high rate of COVID 19 simultaneously 
with a high rate of AKI, demonstrating that even after more 
than two and a half years of the pandemic there is still much to 
understand regarding the main measures to prevent complica-
tions, associated comorbidities, and effective approaches to this 
virus. The mortality rate among patients with AKI was also above 
expectations (87.6%), maintaining a rate of almost 70% in the 
presence of COVID-19. It is recommended that further studies 
with a longitudinal design and with a larger sample size be per-
formed to determine, with certainty, solid evidence that explains 
the causes of such high rates of complications and mortality asso-
ciated with AKI, as well as with COVID-19.
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Perceptions of childhood immunization in São Paulo: 
quantitative-qualitative cross-sectional study
Lucas de Brito CostaI, Carolina Nunes FrançaII, Luiz Henrique da Silva NaliIII, Patrícia Colombo-SouzaIV, Neil Ferreira NovoV, 
Yára JulianoVI

Post-Graduation Program in Health Sciences, Universidade de Santo Amaro (UNISA), SP, BR

INTRODUCTION
Issues of vaccine hesitancy are not exclusive to the 21st century. They have unfolded through-
out history, from the smallpox vaccine to the measles, mumps, and rubella (MMR) vaccine in 
the 20th century, the human papillomavirus vaccine, and currently, the coronavirus disease 
(COVID-19) vaccine. Vaccination is the most effective way to prevent infectious diseases and 
has been responsible for completely eradicating smallpox and significantly reducing cases of 
measles, polio, and tetanus in many parts of the world.1,2 Despite overwhelming evidence of vac-
cine effectiveness and safety, an increasing number of people hesitate to receive recommended 
vaccines or refuse them altogether.2 It is a serious issue because it is linked to the resurgence 
of vaccine-preventable diseases, such as measles, in the United States and Europe. In Brazil, 
vaccination coverage for MMR has consistently decreased since 2013, raising concerns about 
increasing rates of unvaccinated individuals nationwide. This increases the risk of new disease 
outbreaks, which can be prevented using vaccines. In this context, understanding the vaccine 
confidence in Brazil is more crucial than ever.3 

Figueiredo et al.4 conducted a qualitative study involving interviews with families having 
children under 2 years old. Throughout these interviews, several barriers and influencing fac-
tors regarding vaccination were identified, addressing issues related to convenience, trust, and 
concerns about administering multiple vaccines simultaneously. Barbieri et al.5 also conducted 
a study with middle-class parents in São Paulo and concluded that parents vaccinating their 
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ABSTRACT
BACKGROUND: Vaccination hesitation spans from historical diseases such as smallpox to the current chal-
lenges with the coronavirus disease (COVID-19). In Brazil, vaccination faces obstacles related to trust and 
convenience. Despite the National Immunization Program, fear of adverse effects as well as misinforma-
tion challenge confidence in vaccines, and anti-vaccine movements have gained momentum.
OBJECTIVES: This study investigated childhood vaccine refusal, including COVID-19 vaccines, by com-
paring the reasons for and sociodemographic differences between vaccinated individuals and those who 
hesitated or refused immunization.
DESIGN AND SETTING: A cross-sectional study was conducted in São Paulo, Brazil, using questionnaires 
administered during pediatric consultations between January and April 2023.
METHODS: This study investigated vaccine hesitancy and the attitudes of parents and caregivers of children 
(0–12 years) towards vaccines. The questionnaire was administered during routine pediatric consultations 
at three different locations, each with 50 participants for a total of 150 participants, to avoid selection bias.
RESULTS: Marked differences were evident among caregivers in terms of sex, race, income, education, 
and religion, which influenced their attitudes toward vaccination. There was an increase in the refusal of 
seasonal vaccinations and a significant distrust of the efficacy of the COVID-19 vaccine (52%), with con-
cerns about its side effects. Although most patients did not stop vaccination, significant delays occurred, 
especially in the clinical setting (58%).
CONCLUSIONS: This study emphasizes the importance of childhood health decisions, indicating the need 
to build trust in vaccines, tailor health policies, and investigate the causes of distrust to promote child-
hood immunizations.
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children felt part of Brazil’s “immunization culture,” while those 
refusing vaccination felt that mandatory vaccination was incom-
patible with their lifestyle.

The Brazilian National Immunization Program (PNI) of the 
Pan American Health Organization (PAHO), a branch of the World 
Health Organization (WHO), has been cited as a global reference. 
Established by Law 6.259/75, this program provides 50 immuno-
biological products (serums, vaccines, and immunoglobulins) 
free of charge to all inhabitants of the Brazilian territory, includ-
ing 33 vaccines, 19 of which are part of the National Vaccination 
Schedule to prevent over 20 infectious diseases across various age 
groups. Additionally, 10 special vaccines are available at Special 
Immunobiological Reference Centers (CRIEs) for groups with spe-
cific clinical conditions, such as people living with HIV.6,7

In this scenario, the fear of adverse events and the circula-
tion of false information about immunobiological products over-
shadow knowledge about the importance and benefits of vaccines. 
Although not highly active in Brazil, antivaccine movements are 
becoming more frequent and persuasive, disseminating scientifi-
cally unfounded information on vaccine risks.

OBJECTIVE
This study aimed to analyze the frequency of vaccine refusal 
among parents and guardians regarding the available immuniza-
tions for the pediatric population, including those intended for 
COVID-19, to be administered to their children and/or wards in 
São Paulo, Brazil.

METHODS
This was a quantitative-qualitative cross-sectional study conducted 
in the city of São Paulo between January and April 2023, focusing 
on parents and caregivers of patients aged 0–12 years who attended 
routine pediatric consultations. Using the validated “Parental 
Attitudes on Childhood Vaccines” questionnaire, the study inves-
tigated vaccine hesitancy and caregivers’ willingness to vaccinate 
their children, addressing vaccination behavior, safety, and confi-
dence in vaccines. Sociodemographic information was collected 
and the research was conducted in three distinct locations within 
the same region of São Paulo city (Universidade Santo Amaro, 
UNISA; Basic Health Unit, BHU; and Medical Office), each with 
50 participants, totaling 150, to mitigate selection bias.

Ethical Considerations
The study design and methodology were approved by the 
Research Ethics Committee of Santo Amaro University 
(5,770,898) on November 22, 2022. The study was conducted in 
accordance with the principles of the Declaration of Helsinki, 
and informed consent was obtained from all participants before 
the study commenced.

Statistical analysis
Categorical variables were analyzed using the chi-squared test. 
Statistical significance was set at P < 0.05.

RESULTS
In the study, a significant predominance of the female sex (82.7%) 
among the caregivers was observed across all settings, com-
pared to male caregivers (chi-square test X2 = 10.14, P = 0.0063). 
Concerning race/ethnicity, the BHU and UNISA settings exhib-
ited similarities, with a prevalence of Black and mixed-race indi-
viduals, whereas the Medical Office had a majority of White indi-
viduals (46%), which was a statistically significant difference 
(P < 0.0001, X2 = 40.43). Regarding family income, a higher per-
centage of families fell within the ranges of up to one minimum 
wage and two to four minimum wages compared to the group 
earning five to ten minimum wages, with statistically significant 
differences (P < 0.0001, X2 = 75.40). In terms of education, the 
Medical Office showed more caregivers with incomplete college 
education (36%), while BHU and UNISA had the majority with 
completed high school education (36% and 38%, respectively), 
with statistically significant differences (P < 0.0001, X2 = 115.0). 
Concerning religion, there was a predominance of Christian 
denominations across all settings, with Protestants (82%), fol-
lowed by Catholics (60%), showing no statistically significant 
difference (P  =  0.3910, X2  =  12.70). Additionally, the relation-
ship between parents/guardians and partners was also significant 
(P = 0.0147, X2 = 9.44) (Table 1). 

The results presented in Table 2 show an increasing refusal 
of seasonal vaccinations for the flu, measles, and yellow fever. 
Refusal of the human rotavirus vaccine is influenced by age restric-
tions. Some children did not receive more than one vaccine, thereby 
increasing the absolute refusal rates. Although not statistically sig-
nificant, there was a trend towards higher refusal rates in clinical 
settings than in the other studied scenarios (X2 = 9.22, P = 0.3240). 

Regarding the reasons for refusing childhood vaccination, 
as shown in Table 3, the majority of respondents at BHU (60%) 
and UNISA (82%) denied having any concerns. However, in the 
medical office, the primary reason for refusal was distrust of the 
vaccine efficacy, which reached 52%. This data was significant, 
with X2 = 47.33 and P < 0.0001. Regarding immunization delays, 
58% of caregivers at the medical office admitted to delays, while 
the overall average was 31%. The most significant delays occurred 
in the medical office (58%), followed by BHU and UNISA (26% 
and 10%, respectively), with X2 = 27.76 and P < 0.0001 in the chi-
square test for this combined analysis. 

In this study, amid the pandemic context, specific apprehen-
sions regarding the coronavirus vaccine were also assessed, as 
shown in Table 4. At the private healthcare office, 74% of guard-
ians of children aged 0–12 years expressed some level of concern 



Perceptions of childhood immunization in São Paulo: quantitative-qualitative cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2024;142(6):e2023447     3

about this particular vaccine, which can be explained by fear of 
side effects and disbelief in vaccine efficacy. The chi-square test for 
this analysis resulted in X2 = 32.31 and P < 0.0001. Concerning 
the COVID-19 vaccine, a high rate of complete administration 
of the available doses was observed at the BHU and an outpatient 
clinic linked to an educational institution. However, more than 
half of the patients in private medical offices (56%) completed the 
vaccination schedule. The chi-square test for this aspect resulted 
in X2 = 25.19 and P < 0.0001. 

At the end of the questionnaire, parents and/or caregivers were 
asked whether they had missed vaccinating children under their 
care at any point. The results, shown in Table 5, indicate that a 

significant majority of those responsible for children at the BHU 
(84%) and UNISA (96%) stated that they had not missed vacci-
nating their children. In these results, it is important to note a dis-
tinction regarding vaccination delays. While delays still allowed 
for the possibility of updating overdue vaccines, this result con-
sidered only vaccines that were not offered or for which there was 
no longer an interest in receiving them. The statistical analysis for 
this question resulted in X2 = 27.89 and P < 0.0001. 

DISCUSSION
The present study highlights the predominance of female 
caregivers across all settings, underscoring socioeconomic 

Table 1. Characterization of research participants according to demographic variables and study setting
BHU UNISA Medical office Total

n % n % n % n %
Sex  

Female 47 94 42 84 35 70 124 82,7
Male 3 6 8 16 15 30 26 17,3
Total 50 100 50 100 50 100 150 100

Race  
White 8 16 9 18 23 46 40 26,7
Black 19 38 21 42 7 14 47 31,3
Mixed race 20 40 15 30 4 8 39 26
Yellow/indigenous 3 6 5 10 16 32 24 16
Total 50 100 50 100 50 100 150 100

Family income  
Up to 1 minimum wage 33 66 32 64 0 0 65 43,3
2 to 4 minimum wages 17 34 15 30 25 50 57 38
5 to 10 minimum wages 0 0 3 6 25 50 28 18,7
Total 50 100 50 100 50 100 150 100

Education  
Incomplete elementary school 6 12 1 2 0 0 7 4,6
Complete elementary school 16 32 11 22 0 0 27 18
Incomplete high school 9 18 18 36 0 0 27 18
Complete high school 18 36 19 38 11 22 48 32
Incomplete college 1 2 1 2 18 36 20 13,4
Complete college 0 0 0 0 14 28 14 9,4
Incomplete postgraduate 0 0 0 0 7 14 7 4,6
Total 50 100 50 100 50 100 150 100

Religion  
Catholic 18   21   21   60  
Protestant 31   27   24   82  
Buddhist 0   1   0   1  
Jewish 0   0   1   1  
Umbanda 1   0   0   1  
Spiritist 0   0   1   1  
Atheist 0   1   3   4  
Total 50   50   50   150  

Marital status  
With partner 24 48 29 58 38 76 91 60,7
Without partner 26 52 21 42 12 24 59 39,3
Total 50 100 50 100 50 100 150 100

BHU = basic health unit; UNISA = Universidade Santo Amaro.
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and educational differences. There has been a growing 
refusal of seasonal vaccinations, the influence of age restric-
tions on refusal of the human rotavirus vaccine, and a ten-
dency toward higher refusal rates in clinical settings. The 
diverse reasons for refusal included distrust of the vaccine 
efficacy, notably in the medical office. Immunization delays 
were more frequent in medical offices, and reasons for hesi-
tation regarding the coronavirus vaccine were emphasized. 
Various rates of complete administration of the COVID-
19 vaccine were observed, while the majority of caregivers 
in healthcare units reported not having missed vaccinating 
their children, considering that vaccines were not offered, or 
lacking interest.

The predominance of women as caregivers across various 
environments suggests significant cultural and social influ-
ences, highlighting the need for a more detailed investiga-
tion of their impact on decisions concerning children’s health. 
This finding aligns with a study conducted in Fortaleza, Ceará, 
which identified a predominance of females in caregiving roles, 
mainly mothers as the primary or sole caregivers of their chil-
dren.8 The racial disparity observed in different settings, with 
a higher representation of Black and mixed-race individuals in 
BHU and UNISA, and the prevalence of White individuals in 
private healthcare, underscore the influence of socioeconomic 
conditions on accessibility to healthcare services. The correla-
tion between caregivers’ family income and education in specific 
settings suggests the need for more comprehensive healthcare 
policies that cater to diverse socioeconomic and educational 
realities. Although the prevalence of Christianity across all 
settings did not demonstrate a statistically significant differ-
ence among religious groups, cultural aspects and beliefs may 
influence attitudes toward health and vaccination. It is crucial 
to explore how these factors impact adherence to immunization 
practices and preventive care; in some cases, non-vaccination is 
more closely related to healthcare service characteristics than 
to specific populations.4

The analysis revealed a progressive increase in refusal of sea-
sonal vaccinations against influenza, measles, and yellow fever. 
This was particularly evident in the refusal of the human rotavi-
rus vaccine, which was largely influenced by age-related restric-
tions. Furthermore, in some cases, children did not receive more 
than one vaccine, contributing to an absolute increase in refusal 
rates. In the study by Figueiredo et al.4, one of the reasons for 
refusal was a lack of knowledge about the currently available vac-
cines. Interestingly, although not statistically significant, there 
was a tendency for higher refusal rates in clinical settings than in 
other analyzed contexts. This trend underscores the need to better 
understand the factors that influence vaccine acceptance or refusal, 
particularly in clinical settings, and to implement strategies that 
promote greater adherence to vaccination. 

Table 4. Apprehension towards coronavirus disease vaccine and 
vaccination of children with available doses

BHU UNISA Medical office TOTAL
n % n % n % n %

Apprehension for COVID-19 shots
Yes 20 40 9 18 37 74 66 44
No 30 60 41 82 13 26 84 56
Total 50 100 50 100 50 100 150 100

Has recieved all COVID-19 doses
Yes 42 84 49 98 28 56 119 79,3
No 8 16 1 2 22 44 31 20,7
Total 50 100 50 100 50 100 150 100

BHU = basic health unit; UNISA = Universidade Santo Amaro; 
COVID-19 = coronavirus disease.

Table 5. Overall outcome of vaccine refusal
BHU UNISA Medical Office TOTAL

n % n % n % n %
Have missed/delayed any vaccine shot?

Yes 8 16 2 4 22 44 31 20,7
No 42 84 48 96 28 56 118 78,7
Total 50 100 50 100 50 100 150 100

BHU = basic health unit; UNISA = Universidade Santo Amaro.

Table 2. Acceptance or refusal of vaccination by available 
immunization in the National Immunization Program

BHU UNISA
Medical 

Office
TOTAL

n % n % n % n %
VACCINES  

Bcg 0 0 0 0 0 0 0 0
Hepatitis 0 0 0 0 0 0 0 0
Pneumo 10 0 0 0 0 0 0 0 0
Pentavalent 0 0 0 0 0 0 0 0
Polio 0 0 0 0 0 0 0 0
Rotavírus 0 0 1 25 1 2,1 2 2,9
Meningococcal c 0 0 0 0 0 0 0 0
Measles, mumps, rubella (MMR) 0 0 0 0 0 0 0 0
Influenza 8 42,1 2 50 18 36,7 28 41,7
Yellow fever 1 5,2 0 0 4 8,2 5 7,4
Measles 0 0 0 0 0 0 0 0
Sarampo 2 10,6 0 0 4 8,2 6 8,9
Human papillomavirus (HPV) 0 0 0 0 0 0 0 0
COVID-19 8 42,1 1 25 22 44,8 31 46,2
Total 19 100 4 100 49 100 67 100

BHU = basic health unit; UNISA = Universidade Santo Amaro; 
COVID-19 = coronavirus disease.

Table 3. Reliability and vaccine refusal by available immunization in 
the National Immunization Program

BHU UNISA
Medical 

Office
TOTAL

n % n % n % n %
Trust  

No fear 30 60 41 82 12 24 83 55,3
Fearful 12 24 9 18 12 24 33 22
Does not believe 8 16 0 0 26 52 34 22,7
Total 50 100 50 100 50 100 150 100

Vaccination delay  
Yes 13 26 5 10 29 58 47 31,3
No 37 74 45 90 21 42 103 68,7
Total 50 100 50 100 50 100 150 100

BHU = basic health unit; UNISA = Universidade Santo Amaro.
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When analyzing the reasons for childhood vaccination refusal, 
different perspectives emerged across the healthcare settings under 
investigation. In the BHUs and at UNISA, the majority of respon-
dents denied refusal, with rates of 60% and 82%, respectively. 
However, in medical offices, distrust of vaccine efficacy was iden-
tified as the primary cause, affecting 52% of the refusal decisions. 
The issue of mistrust aligns with the findings of another study 
conducted in São Paulo, which highlighted that major reasons 
for hesitancy were linked to trust, convenience, complacency, and 
other unknown reasons. The majority of doubts stemmed from 
trust issues.3 In a 2017 technical report from the European Centre 
for Disease Prevention and Control, results showed vaccine hesi-
tancy due to lack of trust, complacency, and vaccine convenience, 
labeled as the 3C model.9

Additionally, when exploring the issue of immunization delays, 
significant disparities were observed among different settings. In the 
medical office, 58% of caregivers admitted to delays, contrasting 
with the lower averages of 26% and 10% in the UBS and UNISA, 
respectively. This discrepancy underscores the need for targeted 
strategies to mitigate immunization delays, especially in clinical 
contexts where the prevalence of these delays has been shown to 
be more prominent.5 In countries such as Italy, where childhood 
vaccination rates are decreasing, the strategy adopted involves 
stricter laws affecting school admission.10

Vaccine hesitancy is not a new phenomenon, yet the specific 
concern regarding the coronavirus vaccine amid the pandemic 
might have escalated as vaccine acceptance is higher when there is 
confidence in its effectiveness and safety,9 something not witnessed 
in Brazil. Vaccine hesitancy during the COVID-19 pandemic may 
not be directly comparable to that in previous contexts. No virus 
in recent memory has so broadly disrupted social life and soci-
ety as COVID-19.11 However, in the clinic, a significant 74% of 
caregivers expressed concern about this vaccine, possibly linked 
to fear of side effects and distrust in vaccine effectiveness, cited as 
primary reasons for vaccination refusal or hesitation within this 
group. There was a disparity in the complete administration rate of 
COVID-19 vaccine doses among healthcare settings. While UBS 
and UNISA showed high completion rates, only about 56% of the 
patients at the clinic completed the process. In particular, com-
pliance with containment measures might depend on the degree 
of trust in authorities and other healthcare services,3,12 and fear 
of consequences, such as reporting to child protective services.5 

Upon completing the data collection through questionnaires, 
parents and/or caregivers were asked about the potential cessation 
of vaccination in children under their care. The results revealed 
that a significant majority of guardians in the settings of the BHU 
and UNISA (84% and 96%, respectively) stated that they had not 
ceased vaccinating their children. It is relevant to note that this 
analysis distinguished itself from vaccination delays, focusing solely 

on situations where vaccines were not offered or when there was 
no interest in receiving them. This differentiation is crucial for 
understanding the dynamics between the explicit refusal of cer-
tain vaccines and delays, providing valuable insights for directing 
more effective strategies in the context of childhood vaccination.

It is of utmost importance to emphasize that socioeconomic 
status is a major issue that may impact hesitancy. Previous studies 
have described important inequalities that may imply access, deci-
sion, or delay in receiving the vaccination13,14. Since the Brazilian 
National Vaccination Program provides free vaccination to chil-
dren on its schedule, lack of access does not seem to be a major 
problem but may be associated with misinformation that might be 
stimulated by the influence of social media15, which may directly 
impact the perceived reliability of the vaccines. Regardless of 
the findings described on vaccines, fear of side effects, distrust 
of political involvement, and underestimation of the severity of 
infectious diseases, such as the COVID-19 pandemic are still 
frequent and present within the population16,17. Therefore, the 
implementation of strategic public health policies combined with 
well-planned and comprehensive vaccination campaigns is man-
datory to reduce vaccination hesitancy and achieve greater vac-
cination coverage against COVID-19, and this should be applied 
to all other vaccines.

CONCLUSION
This study underscores the relevance of childhood healthcare 
decisions and their socioeconomic impact. This revealed vac-
cine hesitancy, particularly in clinical settings, emphasizing the 
importance of approaches to foster greater trust and information. 
These findings highlight the need for more inclusive healthcare 
policies tailored to diverse socioeconomic realities. An in-depth 
investigation into the roots of this hesitancy, considering cultural 
and demographic nuances, is necessary to achieve a comprehen-
sive understanding of attitudes toward childhood vaccination. 
Furthermore, exploring specific strategies to enhance vaccine 
acceptance and adherence in various clinical contexts may be piv-
otal for advancing public health and childhood immunization.
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Accuracy and precision of non-invasive thermometers 
compared with the pulmonary artery temperature: 
a cross-sectional study
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INTRODUCTION
Temperature monitoring is a crucial tool for hospitalized patients, especially those in intensive 
care units (ICUs).1 Abnormalities in body temperature (BT) are a common clinical sign, alert-
ing healthcare personnel to potential infectious and other conditions. Fever is the most frequent 
manifestation,2 while hypothermia can also indicate poor outcomes.3 Additionally, BT can be 
used therapeutically, such as controlled hypothermia after cardiac arrest.4

In adults, hyperthermia is defined as a BT of 38.0°C or higher.2 Fever is typically defined as 
38.3°C or above, although this may vary depending on patient characteristics, institutional pro-
tocols, and the measurement method use.2

Early detection of fever allows for prompt antibiotic therapy in life-threatening infections, 
particularly for vulnerable or critically ill patients.2 Fever can also trigger broader diagnostic 
investigations, not just for infections but also for other possibilities.2

Invasive thermometers, like pulmonary artery (PA) and bladder catheters, offer reliable tem-
perature monitoring.1-2 However, despite their accuracy, invasive methods carry increased com-
plication risks, limiting their routine use.5

While the literature lacks a consensus on the reliability of non-invasive methods, these tech-
nologies have seen advancements in algorithms improving their accuracy and precision.1,6-7 
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ABSTRACT
BACKGROUND: Temperature fluctuations are critical indicators of a patient’s condition in intensive care 
units (ICUs). While invasive methods offer a more reliable measurement of core temperature, they carry 
greater risks of complications, limiting their use in most situations. This underscores the need for research 
evaluating the reliability of non-invasive temperature monitoring methods.
OBJECTIVES: This study aimed to assess the accuracy and precision of four non-invasive temperature 
measurement techniques compared to pulmonary artery temperature, considered the gold standard.
DESIGN AND SETTING: We conducted a cross-sectional clinical study with repeated measures in the 
ICUs at Hospital das Clínicas da Universidade Federal de Minas Gerais and Hospital Felício Rocho, Belo 
Horizonte, Brazil.
METHODS: All patients admitted with a pulmonary artery catheter were included. We simultaneously 
recorded temperatures from the pulmonary artery, axillary area, oral cavity, temporal artery, and tympanic 
membrane. Bland-Altman plots were employed to assess the agreement between the different tempera-
ture measurements.
RESULTS: A total of 48 patients participated, with a mean age of 54 years. Females comprised 66.67% of 
the sample. Compared to pulmonary artery temperature, the accuracy and precision (mean and stan-
dard deviation) of the non-invasive methods were: axillary (-0.42°C, 0.59°C), oral (-0.30°C, 0.37°C), tympanic 
membrane (-0.21°C, 0.44°C), and temporal artery (-0.25°C, 0.61°C). Notably, in patients with abnormal body 
temperature (non-normothermic), only oral and tympanic membrane methods maintained their accuracy 
and precision.
CONCLUSIONS: The non-invasive thermometers evaluated in this study demonstrated acceptable accu-
racy and precision (within the clinically relevant threshold of 0.5°C) compared to pulmonary artery tem-
perature. Among the non-invasive methods, the tympanic membrane measurement proved to be the 
most reliable, followed by the oral method.
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New thermometers and technologies are constantly emerging, but 
studies evaluating them remain scarce.2

Nurses and nurse assistants need to understand the appro-
priate type of temperature measurement for each clinical setting 
and patient, along with the associated reliability. This knowledge 
can lead to better patient assessments, allowing healthcare pro-
viders to identify patients with abnormal temperatures and inter-
vene promptly.

OBJECTIVE
This study aimed to evaluate the accuracy and precision of four 
non-invasive thermometers (axillary [AT], oral [OT], tympanic 
membrane [TM], and temporal artery [TA]) compared to the 
gold standard of PA catheter measurements. We also investi-
gated factors that might influence the accuracy of these non-
invasive methods.

METHODS
This cross-sectional clinical study with repeated measures was 
conducted in three ICUs across two general hospitals in the 
southeast region of Brazil. Both hospitals are referral centers for 
high-complexity patients and have a total of 914 beds (Hospital 
1: 486 beds, Hospital 2: 428 beds). Hospital 1 has a 16-bed mixed 
ICU unit. Hospital 2 has a 50-bed ICU unit further divided into 
20 beds dedicated to cardiac patients and 30 mixed beds (surgi-
cal and medical).

This study was approved by the ethics committees of the 
Universidade Federal de Minas Gerais (71553317.7.0000.5149) and 
Hospital Felicio Rocho (71553317.7.3001.5125). Written informed 
consent was obtained from all patients or their next of kin. 

Patients
From December 2017 to December 2018, all adult patients (aged 
18 years or older) admitted consecutively to the participating 
ICUs were screened for eligibility. To be included, patients had to 
have a PA catheter inserted either upon ICU admission or imme-
diately before, Patients were excluded if they had technical diffi-
culties preventing one of the five temperature measurements or 
if their PA catheter was removed before the first measurement.

Temperature measurements were taken three times at two-
hour intervals.

Study procedures
Four non-invasive thermometers were used: AT, OT, TM, and 
TA. An Omron® clinical thermometer (Tokyo, Japan) was used 
to measure AT. The probe was placed in direct contact with the 
patient’s axillary skin at a 45º angle, the arm was closed, and the 
temperature was recorded after the beep. For OT, an Omron® 
clinical thermometer (Tokyo, Japan) was used. The probe was 

placed in the sublingual pocket until the beeped. TM temper-
ature was obtained using a Braun Thermoscan® PRO 6000 
(Kronberg im Taunus, Germany). The probe tip was placed in 
the ear canal as instructed by the manufacturer, the button was 
pressed, and the temperature was recorded. Finally, TA temper-
ature was measured using an Exergen TAT 5000® (Watertown, 
USA) device. The thermometer was slid across the forehead in a 
straight line while the button was pressed to record the tempera-
ture. All measurements were performed by the lead researcher 
(RLRC), following the manufacturer’s instructions. 

Non-invasive temperatures were measured on the same side 
of the body every two hours, for a total of three measurements per 
patient. The site was chosen based on the patient’s position and 
the presence of invasive devices (endotracheal tubes, intravenous 
lines, and monitors).

We collected demographic (sex and age) and clinical data 
from all participants, including body mass index (BMI), main 
diagnosis at admission, current use of medications that could 
interfere with BT (antipyretics, vasodilators, and sedatives), vaso-
pressor or inotrope requirement, use of mechanical ventilation 
(MV), use of an oxygen catheter, diaphoresis at the time of tem-
perature measurement, bath time, ingestion of liquids or solids, 
and presence of ear wax. 

Statistical analysis
To assess the accuracy and precision of the non-invasive ther-
mometers compared to the PA temperature, we calculated the 
difference between each device’s reading and the PA temperature. 
The mean of these differences represents the bias between each 
non-invasive method and the PA temperature, which reflects the 
accuracy of the non-invasive measurement. The variance of these 
differences represents the precision of the non-invasive temper-
atures, expressed as the standard deviation of the differences. 
Furthermore, Bland-Altman graphs were constructed for each 
thermometer to visually evaluate their accuracy and precision 
compared to the PA temperature.

To identify factors influencing the accuracy of each non-in-
vasive method, we built linear regression models. These models 
included variables with a p-value < 0.20 in the univariate analy-
sis. The four final models, one for each non-invasive temperature 
method, were calculated using the stepwise backward method. 
Post-hoc tests were performed to verify the model adjustment. 
We set a significance level of P < 0.05 for all statistical analyses.

RESULTS
Fifty-eight patients were assessed for eligibility, of whom ten were 
excluded (Figure 1). Therefore, 48 participants were included in 
the final analysis, with 139 temperature measurements (mean of 
2.9 measurements per patient).
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Of the 48 patients, 15 were admitted to Hospital 1 and 33 to 
Hospital 2. Most patients were male (66.67%) with a mean age of 
54 years (standard deviation ± 12.9). The primary characteristics 
of the 48 patients included in this study are presented in Table 1.

Most temperature measurements were performed while patients 
were receiving vasopressors: noradrenaline in 70.5% (98/139) and 
vasopressin in 13.7% (19/139) of measurements. Similarly, in 100 
(71.94%) of the 139 temperature measurement episodes, patients 
were under MV. Finally, in 60 (43.12%) episodes, patients received 
sedatives, mainly fentanyl (39.57%).

Antipyretics were used four hours prior to temperature mea-
surement in 19 episodes (13.87%), whereas a recent bath (less 
than one hour before temperature measurement) was recorded 
in eight (5.8%). 

The mean temperature obtained by the PA catheter across all 
measurements was 36.94°C (standard deviation ± 0.78). Among the 
non-invasive methods, TM showed the highest accuracy (-0.22°C), 
followed by TA (-0.25°C). OT had the best precision (0.38°C). 
Detailed data on temperature measurements and Bland-Altman 
plots are presented in Table 2 and Figure 2, respectively. 

In the subgroup analysis restricted to abnormal temperature 
recordings (fever or hypothermia; n = 22), TM remained the most 
accurate (-0.17°C), followed by OT (-0.35°C). AT (0.41°C) and TA 
(-0.65°C) displayed lower accuracy. OT maintained the best pre-
cision (0.33°C), followed by TM (0.50°C). However, AT (0.90°C) 
and TA (0.99°C) showed greater bias compared to other methods.

We investigated factors potentially influencing the accuracy of 
each method compared to PA readings. The use of vasopressors, 
particularly nitroglycerin, negatively affected the accuracy of all 
four temperature measurement methods tested. Other vasoactive 
drugs like vasopressin and nitroprusside also impacted the accu-
racy of specific methods (OT and TA). 

Interestingly, MV did not significantly alter the accuracy of 
OT (MV accuracy -0.300 vs non-MV accuracy -0.304, P = 0.95), 

and the presence of ear wax did not affect TM temperature accu-
racy (presence of ear wax accuracy -0.174 vs absence of ear wax 
accuracy -0.247, P = 0.350). Table 3 provides a detailed breakdown 
of the identified factors influencing the accuracy of non-invasive 
thermometers compared to PA thermometers, as analyzed through 
multivariate linear regression Table 3.

DISCUSSION
This study compared the reliability of four non-invasive BT mea-
surement methods to the gold standard, the PA catheter. Among 
the non-invasive methods, OT exhibited the greatest stability in 

Table 1. Demographic and admittance data of 48 patients included in the study. Brazil, 2023
n % Mean Median SD IQR

Sex
Male 16 33,34 - - - -

Female 32 66,67 - - - -
Age - - 54,36 56 12,96 50 – 62
Height (meters) - - 1.66 1.70 0.07 1.63 – 1.75
Weight (kg) - - 76.08 75 15.79 65 – 85
BMI - - 26.57 24.97 5.10 22.84 – 29.76

Hospital
1 15 31.25 - - - -
2 33 68.75 - - - -

Diagnoses

Cirrhosis 31 64.58 - - - -
Other hepatic diseases 6 12.50 - - - -
Cardiovascular diseases 5 10.42 - - - -

Other diseases 6 12.08 - - - -
Total 48 100%

Figure 1. Flowchart of selection criteria and sample.
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patients with abnormal body temperature (not normothermic). 
Notably, vasopressor use emerged as the primary factor influ-
encing the accuracy of non-invasive thermometers, affecting all 
methods tested. 

Many studies have been conducted to assess the accuracy and 
precision of non-invasive thermometers.8-11 Most of these studies 
included a small sample of participants8,12 and lacked the analysis 
of factors influencing accuracy.8,10

While some prior studies reported divergent results, it is 
important to consider specific testing conditions. For example, 
one meta-analysis found poor agreement with TM thermometers 
in comparison to central thermometers.1 However, this finding may 
be specific to hypothermic patients, as other studies focusing on 
hypothermia also reported poor TM performance.11,13 In contrast, 
our study, which included a broader temperature range, identified 

Figure 2. Bland-Altman plots of non-invasive temperature measurements compared to a pulmonary artery catheter.

Table 2. Temperature measurements, accuracy, and precision of 139 non-invasive measurements and pulmonary temperature. Brazil, 2023
Method Mean Interval (°C) Accuracy Precision LOA 
Pulmonary artery 36.94 35.2 – 39.4 - - -
Axillary 36.51 34.3 – 39.9 -0.427 0.592 -1.59 – 0.73
Oral 36.63 34.8 – 38.9 -0.303 0.376 -1.04 – 0.43
Tympanic membrane 36,72 34,8 – 38,7 -0.219 0.449 -1.10 – 0.66
Temporal artery 36,67 35,6 – 38,3 -0.250 0.95 -1.45 – 0.95

Table 3. Factors that alter the accuracy of non-invasive measurements 
compared with pulmonary temperature after 139 measurements. Brazil 2023

Method Factors that altered Rate P value

Axillary
BMI 0.02 0.038

Bath before measurement 0.24 0.013
Dose* of nitroglycerin -0.02 < 0.001

Oral
Dose* of vasopressin -0.01 0.008

Dose* of nitroglycerin -0.01 < 0.001
Dose* of nitroprusside -0.01 0.001

Tympanic 
membrane

Dose* of nitroglycerin -0.01 < 0.001

Temporal 
artery

Age 0.01 0.02
BMI -0.04 < 0.001

Dose* of vasopressin -0.04 < 0.001
Dose* of nitroglycerin -0.02 < 0.001
Dose* of nitroprusside 0.01 0.027

Dose is represented by the mg/hr of the drug infusion.
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TM as the most accurate non-invasive method. This aligns with 
other research highlighting the potential effectiveness of TM and 
OT for non-invasive temperature measurement.6,8-9,14

AT measurements showed mixed results, with good accuracy 
but poor precision compared to the PA catheter. This aligns with 
previous studies reporting similar findings.1,2,5,9

TA thermometers exhibited good accuracy (0.250°C) but 
lacked precision (0.950°C). This finding contributed to the ongo-
ing discussion regarding TA reliability. While some studies advise 
against using TA in critical settings1,2,5-6,15 and question its effec-
tiveness in identifying fever,15 others report its validity as a reli-
able method.8,16

This trend of good accuracy with poor precision for AT and 
TA contributed to the subgroup analysis of abnormal BTs (fever 
or hypothermia). While OT and TM remained the most reli-
able thermometers, AT and TA maintained good accuracy but 
lost precision. 

The primary factor influencing temperature accuracy was the 
use of vasodilators (nitroglycerin and nitroprusside), affecting all 
four non-invasive methods. This aligns with previous research.8-9 
This phenomenon likely stems from altered blood flow in the outer 
skin of patients receiving these medications, leading to discrep-
ancies in temperature readings. Other factors impacting accuracy 
included BMI and recent baths (within an hour) for AT measure-
ments, and BMI and age for TA measurements.

BMI can influence temperature measurements because a thicker 
layer of adipose tissue impedes heat conduction from deeper skin 
layers to the surface.17 Similarly, hot or cold baths before tempera-
ture measurement can alter skin blood flow and heat dissipation, 
potentially affecting AT readings.18 Age may play a role, as thin-
ner skin in older adults allows for easier heat transfer from deep 
tissues to the outer skin.19

Our study identified TM and OT as the most reliable non-in-
vasive methods. While OT is the preferred method for critically ill 
patients in the United States,2,6 it is less common in Brazil. Notably, 
the performance of both TM and OT remained relatively unaf-
fected by fever or hypothermia. However, the small sample size 
of abnormal temperature measurements (22 of 139) limits defini-
tive conclusions about their reliability in these specific conditions. 

Our study employed a rigorous data collection methodology, 
utilizing advanced thermometers available in Brazil and includ-
ing patients from two independent centers. One consideration for 
future research is to expand the sample size. While PA catheters 
are not routinely used in clinical practice, future studies might 
explore ways to recruit a larger patient population. Additionally, 
a larger sample size with a broader range of body temperatures, 
including more patients with fever or hypothermia, would allow 
for a more robust evaluation of accuracy and precision across 
diverse patient profiles. 

CONCLUSION
Our findings suggest that TM and OT are the most accurate 
and precise non-invasive methods compared to the gold-stan-
dard PA catheter. While AT and TA measurements fell within 
the clinically acceptable threshold, they exhibited lower preci-
sion. These data support the use of TM and OT for non-invasive 
temperature assessment in clinical practice. However, caution is 
advised when using non-invasive methods on patients receiving 
vasodilators or presenting with fever or hypothermia.
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Alcohol consumption habits and their impact on academic 
performance: analysis of ethanol patterns among health 
students. A cross-sectional study
Ana Paula Amaral de BritoI, Aísa de Santana LimaII, Átina Carneiro RochaIII, Beatriz Muniz GonçalvesIV,  
Dalila Maria Costa Baraúna de FreitasV, Gleice de Jesus OliveiraVI, Jamily Kaliny Azevedo LimaVII, Katia de Miranda AvenaVIII

Medicina Zarns, Salvador, BA, Brazil

INTRODUCTION
Alcohol is the most widely used psychoactive drug globally despite economic, social, and cultural 
differences among countries worldwide.1 Furthermore, it is the substance of choice for consump-
tion among children and adolescents.2 It is estimated that three million deaths occur annually 
worldwide as a result of the harmful use of alcohol, which account for 5.3% of global mortality.1,2

In Brazil, alcohol is the most consumed substance across all age groups, and its consumption 
is increasing among young people.3,4 Estimates indicate that Brazilians’ first experience with alco-
hol begins at the age of 12.1-4 According to the Brazilian Center for Information on Psychotropic 
Drugs, approximately 20.5% of young people aged 18–24 years face alcohol dependency issues.5 
These statistics classify this age group as the second most affected, trailing only behind the 
25–34-year-old age group, where the dependency rate reaches 23.3%.5

Specifically, alcohol consumption in young university students has significantly increased.6 
It is important to note that university students experience a critical and vulnerable phase in their 
lives, which may facilitate initial contact and persistence in the consumption of alcoholic bev-
erages. Factors such as leaving the parents’ homes to live alone or with friends and facing new 
social interactions and experiences can contribute to this scenario.6

University life brings about changes in lifestyle habits that may be associated with increased 
stress levels, more frequent socialization at parties, and exposure to alcoholic beverages.6,7 
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ABSTRACT
BACKGROUND: Studies have indicated a substantial increase in alcohol consumption among university 
students. Specifically, abusive consumption among health students can adversely affect their academic 
training and future professional practice.
OBJECTIVE: This study aimed to analyze alcohol consumption habits among healthcare students and in-
vestigate the associations between alcohol consumption patterns and sociodemographic and academic 
variables.
DESIGN AND SETTING: We performed this cross-sectional study at a private university located in the city 
of Salvador, Bahia.
METHODS: We conducted this study with 770 students using a printed, self-administered, anonymous 
questionnaire containing sociodemographic and academic performance data, as well as the Alcohol Use 
Disorders Identification Test (AUDIT) and Rutgers Alcohol Problems Inventory (RAPI).
RESULTS: We observed that the prevalence of alcohol consumption (65.1%) and binge drinking (57.5%) 
among Brazilian healthcare students was high, with more frequent consumption among men (73.1%), in 
medicine (83.0%) and veterinary medicine (79.1%) programs and in semesters beyond the fourth (71.7%). 
We found associations between drinking habits and sex (P = 0.016), religion (P < 0.000), course (P < 0.000) 
and semester (P = 0.047). Binge drinking was associated with attending academic activities without get-
ting any sleep (P < 0.000), missing classes due to hangovers (P < 0.000), encountering issues with the 
institution’s administration (P  =  0.028), and failing to complete activities due to alcohol consumption 
(P < 0.000).
CONCLUSION: The prevalence of alcohol consumption and binge drinking among Brazilian healthcare 
students was high and associated with sex, religion, course, academic semester, risky behaviors, and neg-
ative academic impacts.
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Furthermore, the combination of these social and emotional fac-
tors can increase young university students’ susceptibility to occa-
sional abusive alcohol consumption.

It is essential to emphasize that the abusive consumption of 
alcohol among students in the healthcare field can adversely affect 
not only their academic education but also their future professional 
practice, having an impact on both their own health and diagnos-
tic and therapeutic skills.6 Considering the inherent vulnerability 
of university students, identifying their alcohol consumption pat-
terns is important to support the development of preventive inter-
ventions that align with harm reduction policies.7

OBJECTIVE
This study aimed to analyze alcohol consumption habits among 
healthcare students by investigating the associations between 
alcohol consumption patterns and sociodemographic and aca-
demic variables.

METHODS
We conducted a cross-sectional study with healthcare under-
graduate students from a private university located in the city of 
Salvador, Bahia, from October 2015 to May 2016.

We included students from the Biomedical, Nursing, Pharmacy, 
Medicine, Veterinary Medicine, Nutrition, Psychology, and Social 
Work programs starting from the second semester onward. 
The non-inclusion criterion was being in the first semester of the 
program owing to the absence of a weighted average, which is a 
variable of interest in this study. We only included students over 
18 years of age.

Sample selection was convenience-based and conducted 
through voluntary participation, requiring the signing of an 
informed consent form. We approached potential participants 
in person on university premises during class breaks and in the 
morning, afternoon, and evening shifts.

We utilized a printed, self-administered, anonymous question-
naire consisting of three parts. The first part assessed sociodemo-
graphic data (sex, age, marital status, and religion) and academic 
performance (semester-averaged weighted grade, frequency of 
attending or missing classes after alcohol intake, decrease in aca-
demic performance, and noncompletion of academic activities 
after alcohol intake).

In the second part, we administered the Test for the Identification 
of Alcohol Problems (AUDIT).8,9 Developed by the World Health 
Organization, the test comprises 10 items aimed at screening alco-
hol use in the past 12 months, allowing the identification of risky 
use, harmful use, and alcohol dependence. The AUDIT consists of 
three questions measuring the quantity and frequency of regular 
or occasional alcohol use, another three investigating symptoms 
of dependence, and four related to harmful alcohol use. A score is 

generated for each of these questions, and risk levels are classified 
based on this score. Scores range from 0 to 40 points, with scores 
above 8 indicating the need for a more specific diagnosis.8 The sum 
of the scores defines risk levels as follows: low-risk or abstainers 
(0–7 points), risky use (8–15 points), harmful use or high-risk use 
(16–19 points), and probable dependence (20–40 points).

The third part of the questionnaire included an inventory 
of problems and negative consequences related to alcohol and 
dependence (the Rutgers Alcohol Problems Inventory [RAPI]).10 
The RAPI indicates negative behaviors associated with alcohol use, 
revealing the impact on social functioning and health in the past 
12 months and the last month. The instrument consists of 23 items, 
which are answered as 0 (never), 1 (once or twice), 2 (3–5 times), 
3 (6–10 times), or 4 (more than 10 times). These responses rep-
resent the number of times a behavior occurred due to alcohol 
consumption. The sum of the scores generates a score ranging 
from 0 to 23 points.

For the analyses, we categorized the participants as drinkers 
or nondrinkers. Those who answered affirmatively to question 
1 of the AUDIT10 (“How often do you consume alcoholic bev-
erages?”) were considered drinkers. Subsequently, we classified 
drinkers as practitioners or nonpractitioners of binge drinking 
(a pattern of excessive alcohol consumption in a short period).11,12 
This was determined by considering the consumption of five or 
more alcoholic drinks (beer, wine, and/or spirits) for men or four 
or more for women on a single occasion.13 Finally, we conducted 
a descriptive analysis of the study group according to the variables 
under investigation (sociodemographic variables, academic per-
formance, and risky situations or undesirable events after alcohol 
use). Additionally, we considered risk behavior when students had 
an AUDIT score ≥ 8 and/or RAPI score ≥ 7 at any stage in the last 
12 months or in the last month.14

We initially tabulated the data in Microsoft Office Excel (ver-
sion 2010, Redmond, Washington, United States) and analyzed 
them in R software (version 4.0.2, Boston, Massachusetts, United 
States). We presented qualitative variables as absolute and rel-
ative frequencies. To investigate the association between out-
come variables (drinking or not drinking /binge drinking or not 
binge drinking) and potential exposures (presence or absence of 
each variable) in the group, we performed the chi-square test or 
Fisher’s exact test, with variables included in the model having 
a P value < 0.05.

The present study was performed under Resolutions 466/12 
and 510/16 of the Brazilian National Health Council and 
approved by the Brazilian Research Ethics Committee (CAAE: 
45396315.8.0000.5033, on September 17, 2015). The participants’ 
autonomy, confidentiality, and privacy were respected. All study 
participants were informed of the research objectives and meth-
ods and signed an informed consent form.
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RESULTS
A total of 770 students from the healthcare field at a private 
Brazilian university participated in the study. Among these, most 
were women (79.2%), aged between 18 and 25 years (82.2%), 
Catholic (36.0%), residing with family members (83.1%), and in 
their first two years of undergraduate studies (78.9%) (Table 1).

We observed that 65.1% of the interviewed students used alco-
holic beverages, with this prevalence being high among both men 
(73.1%) and women (63.0%). Furthermore, alcohol consumption 

Table 1. Sociodemographic and academic characteristics of 
participating students, considering both the total sample and 
the grouping based on alcohol consumption (n = 770)

PROFILE*

PARTICIPANTS

P§TOTAL
(n = 770)

ALCOHOL 
CONSUMPTION
YES

(n = 501)
NO

(n = 269)
Sex 0.016

Men 160 (20.8) 117 (73.1) 43 (26.9)
Women 610 (79.2) 384 (63.0) 226 (37.0)

Age** 0.583
18–25 years old 544 (82.2) 355 (65.3) 189 (34.7)
26–30 years old 63 (9.5) 40 (63.5) 23 (36.5)
Over 30 years old 55 (8.3) 32 (58.2) 23 (41.8)

Religion** <0.000
No religion 104 (25.8) 83 (79.8) 21 (20.2)
Catholic 145 (36.0) 104 (71.7) 41 (28.3)
Protestant 92 (22.8) 31 (33.7) 61 (66.3)
Spiritist 37 (9.2) 29 (33.7) 8 (21.6)
African religions 3 (0.7) 3 (100.0) 0 (0.0)
Eastern religions 1 (0.2) 1 (100.0) 0 (0.0)
Others 21 (5.2) 10 (47.6) 11 (52.4)

Residence** 0.093
With Family 343 (83.1) 227 (66.2) 116 (33.8)
With Friends 29 (7.0) 24 (82.8) 5 (17.2)
Alone 16 (3.9) 14 (87.5) 2 (12.5)
Others 25 (6.1) 18 (72.0) 7 (28.0)

Programs <0.000
Biomedical 131 (17.0) 56 (42.7%) 75 (57.3%)
Medicine 100 (13.0) 83 (83.0%) 17 (17.0%)
Nursing 143 (18.6) 85 (59.4%) 58 (40.6%)
Nutrition 129 (16.8) 96 (74.4%) 33 (25.6%)
Pharmacy 19 (2.5) 1 (5.3%) 18 (94.7%)
Psychology 26 (3.4) 17 (65.4%) 9 (34.6%)
Social Work 136 (17.7) 95 (69.9%) 41 (30.1%)
Veterinary 
Medicine

86 (11.0) 68 (79.1%) 18 (20.9%)

Academic semester in progress** 0.047

≤ 4th 593 (78.9) 375 (63.2) 218 (36.8)

> 4th 159 (21.1) 114 (71.7) 45 (28.3)

*Data presented as absolute frequency (n) and relative frequency (%); 
**Relative frequency calculated considering the number of responses 
obtained for each variable (age: n = 662; religion: n = 403; residence: 
n = 413; semester: n = 752); §Chi-squared test or Fisher’s Exact test.

was more frequent among students in semesters beyond the fourth 
(71.7%), with notable rates in the fields of medicine (83.0%), vet-
erinary medicine (79.1%), and nutrition (74.4%) (Table 1).

An analysis of the associations between sociodemographic 
and academic data and alcohol consumption revealed that sex 
(P = 0.016), religion (P < 0.000), course (P < 0.000), and semester 
(P = 0.047) were associated with drinking habits. Conversely, age 
and living situation were not significantly associated with such 
habits (Table 1).

Among the students who reported consuming alcoholic bev-
erages, most exhibited low consumption levels; we classified these 
individuals as low-risk drinkers (64.9%) (Table 2).

We observed binge drinking in 57.5% of the participants who 
reported consuming alcoholic beverages and identified risky behav-
ior in 63.9% of binge drinkers and 14.6% of non-binge drinkers. 
We observed a significant association between this practice and 
the adoption of risky behavior (P < 0.000) (Table 3).

When analyzing the sociodemographic and academic profiles of 
students who reported consuming alcoholic beverages and engag-
ing in binge drinking, we found a significant association with the 
variable of religion (P = 0.002) but no associations between binge 
drinking and the other variables studied (Table 4).

When assessing the effects of alcohol consumption on aca-
demic life, we found that binge drinking was significantly associ-
ated with attending academic activities without getting any sleep 
(P < 0.000), missing classes due to hangovers (P < 0.000), encoun-
tering issues with the institution’s administration (P = 0.028), 

Table 2. Alcohol consumption categorized using the Alcohol Use 
Disorders Identification Test (AUDIT)

ALCOHOL CONSUMPTION CLASSIFICATION
PARTICIPANTS*

(n = 501)
Low Consumption 325 (64.9)
Risky Behavior 148 (29.5)
High Risk or Harmful Use 6 (1.2)
Dependence 22 (4.4)

* Data presented as absolute frequency (n) and relative frequency (%).

Table 3. Association between risky behavior and the practice of 
binge drinking among participating students who reported alcohol 
consumption (n = 501)

RISKY BEHAVIOR*
BINGE DRINKING**

P§YES
(n = 288)

NO
(n = 213)

Presence 184 (63.9) 31 (14.6)
< 0.000

Absence 104 (36.1) 182 (85.4)

*Risky behavior was considered when AUDIT ≥ 8 and/or RAPI ≥ 7 at any phase, in 
the last 12 months, or in the last month; ** Data presented as absolute frequency 
(n) and relative frequency (%); ** Chi-square test of independence.
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Studies conducted by several universities around the world have 
corroborated the prevalence of alcohol consumption shown in the 
present study, indicating that the frequency of alcohol intake among 
healthcare students ranges from 57.5%6 to 85.0%.12 These results 
are higher than the average for the general population, which is 
40%.1 Furthermore, in addition to demonstrating a prevalence of 
81.6% alcohol consumption among university students, Pedrosa 
et al.15 showed that alcohol consumption tends to increase over the 
years. It is important to note that while the onset of this behavior 
may precede university entrance, the academic environment can 
contribute to intensifying the habit of drinking.16

Regarding the profile of alcohol consumers, we observed a pre-
dominance of this practice among men, which is consistent with 
the findings of other studies.5,17,18 Additionally, data from the Third 
National Survey on Drug Use by the Brazilian Population5 indi-
cate that dependence is 3.4 times more common in men than in 
women. This fact was also highlighted in the study by Silva et al.,18 Table 4. Association between the sociodemographic and academic 

profile of students who reported alcohol consumption and the 
practice of binge drinking (n = 501)

PROFILE*
BINGE DRINKING*

P**
YES NO

Sex 0.710
Men 69 (59.0) 48 (41.0)
Women 219 (57.0) 165 (43.0)

Age 0.238
18–25 years old 202 (56.9) 153 (43.1)
26–30 years old 21 (52.5) 19 (47.5)
Over 30 years old 15 (46.9) 17 (53.1)

Religion 0.002
No religion 39 (47.0) 44 (53.0)
Catholic 65 (62.5) 39 (37.5)
Protestant 11 (35.5) 20 (64.5)
Spiritist 16 (55.2) 13 (44.8)
African religions 0 (0) 3 (100.0)
Eastern religions 0 (0) 1 (100.0)
Others 9 (90.0) 1 (10.0)

Residence 0.392
With Family 125 (55.1) 102 (44.9)
With Friends 16 (66.7) 8 (33.3)
Alone 6 (42.9) 8 (57.1)
Others 12 (66.7) 6 (33.3)

Programs 0.113
Biomedical 28 (50.0) 28 (50.0)
Medicine 52 (62.7) 31 (37.3)
Nursing 47 (55.3) 38 (44.7)
Nutrition 47 (49.0) 49 (51.0)
Pharmacy 0 (0) 1 (100.0)
Psychology 11 (64.7) 6 (35.3)
Social Work 65 (68.4) 30 (31.6)
Veterinary Medicine 38 (55.9) 30 (44.1)

Academic semester in progress 0.066

≤ 4th 224 (59.7) 151 (40.3)

> 4th 57 (50.0) 57 (50.0)

*Data presented as absolute frequency (n) and relative frequency (%);  
** Chi-square test of independence.

and failing to complete activities due to alcohol consumption 
(P < 0.000). However, we observed no associations with attending 
the institution while intoxicated, achieving weighted averages less 
than 7.0 points in the last semester, or experiencing a decline in 
academic performance in the last semester (Table 5).

DISCUSSION
When investigating the alcohol habits of students, the present 
study demonstrated a substantial rate of alcohol consumption 
among Brazilian healthcare students, with relevant associations 
between sex, religion, course, academic semester, and drinking 
habits. Moreover, a considerable number of students disclosed 
their involvement in binge drinking—a behavior linked to high-
risk conduct and adverse effects on academic achievement.

Table 5. Association between binge drinking and the effects 
of alcohol consumption on the academic life of participating 
students

QUESTIONS
BINGE DRINKING*

P**
YES NO

Have you ever attended academic 
activities without getting any sleep?

< 0.000

Yes 88 (80.7) 23 (50.0)
No 21 (19.3) 23 (50.0)
Have you ever skipped class due to a hangover? < 0.000
Yes 68 (23.9) 24 (11.4)
No 216 (76.1) 186 (88.6)
Have you ever attended the 
educational institution while drunk?

0.195

Yes 33 (11.5) 17 (8.0)
No 254 (88.5) 196 (92.0)
Have you ever experienced issues with the school 
administration due to negative behaviors resulting 
from excessive drinking?

0.028

Yes 10 (3.5) 1 (0.5)
No 274 (96.5) 212 (99.5)
Have you ever failed to fulfill your 
responsibilities due to drinking?

< 0.000

Yes 44 (15.3) 11 (5.2)
No 243 (84.7) 201 (94.8)
Is your weighted average grade from 
the last semester less than 7 points?

0.141

Yes 11 (3.9) 14 (6.9)
No 271 (96.1) 189 (93.1)
Have you experienced a decrease in academic 
performance in the last semester?

0.443

Yes 23 (8.6) 13 (6.7)
No 243 (91.4) 181 (93.3)

*Data presented as absolute frequency (n) and relative frequency (%); 
** Chi-square test of independence.
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which, in addition to demonstrating a higher prevalence in men, 
showed a growing prevalence of abusive alcohol consumption in 
the Brazilian adult population. Specifically regarding the city of 
Salvador, recent data from the Vigitel 2023 survey19 indicate that 
the capital of Bahia leads the country in alcohol abuse consump-
tion, both for the general population and for men and women, sur-
passing national rates. In Brazil, the prevalence of alcohol abuse 
consumption in the general population is 20.8%, while in Salvador, 
it is 28.9%.19 Given the high rate of alcohol abuse consumption 
in this population, this pattern of behavior may also be observed 
among the student participants in the study.

Although changes in social patterns favor behavioral conver-
gence between sexes, resulting in increased alcohol intake among 
women over the years, it remains evident that a male predominance 
exists among alcohol consumers. According to Fachini et al.,20 the 
intensity with which men drink is associated with positive cultural 
perceptions linked to use, such as the possibility of improved sex-
ual performance.

Although the current study did not reveal substantial differ-
ences in alcohol consumption based on age, prior research has 
suggested a slight prevalence of alcohol consumption among 
university students aged 21–25 years.21 Similarly, the housing 
variable did not significantly differ; however, we noted a trend 
toward a considerable percentage of alcohol consumption among 
students who lived alone or with friends. These findings corrob-
orate studies indicating that students residing apart from fam-
ily members often tend to exhibit elevated levels of alcohol con-
sumption, which is potentially attributed to reduced parental 
oversight over their behavior.22

Regarding the course attended by university students, medical 
students have reported higher alcohol consumption, which aligns 
with the findings of Gomes et al.23 According to Abreu et al.,21 the 
pronounced susceptibility of this population to alcohol consump-
tion may be associated with the characteristics of the course that 
predisposes individuals to stressful situations, such as a high work-
load combined with a large amount of content to study, excessive 
demands both inside and outside the academic environment, and 
delayed financial independence.

Considering that these young medical students will be future 
leaders in actions related to the prevention, diagnosis, and treat-
ment of disorders associated with abusive alcohol consumption, 
it is concerning to find that this behavior can transcend gradua-
tion and potentially interfere with the quality of their professional 
practice. This problem is not limited to Brazilian students; a study 
conducted in the United States revealed that 12.9% of male medi-
cal students and 21.4% of female medical students met the criteria 
for alcohol abuse or dependence.24

Regarding the relationship between alcohol consumption 
and academic semester, the present study revealed that alcohol 

consumption was more frequent among students enrolled from the 
fifth semester onward. A similar finding was reported by Gomes 
et al.,25 who demonstrated a progressive increase in alcohol con-
sumption among medical students of both sexes over semesters, 
reaching 93.6% in the fifth semester.

Although the literature does not specify a period of greater 
vulnerability to drug use within the university, certain situations 
in the educational context, such as parties and stressful course 
conditions, vary throughout the semester and may provide greater 
access to alcoholic beverages.22,26 Additionally, as they advance in 
their courses, healthcare students, who naturally acquire greater 
knowledge about the topic, may develop the conviction that they 
can manage any problems that may arise due to improper alco-
hol and drug use.21

In the present study, when analyzing the risk zones estab-
lished by the AUDIT, more than half of the sample was classified 
in the low-risk zone, as in the study by Imai et al.17 Furthermore, a 
minority of the study population fell into the categories of harmful 
use and probable dependence, which echoed the findings of Imai 
et al.17 and Barbosa et al.22

In this context, the abusive and increasing consumption of psy-
choactive substances—especially alcohol—among young univer-
sity students represents a considerable challenge for public health 
due to the interference of alcohol as a cause of disease, morbidity, 
and mortality worldwide.27 Among university students, health-
care students are among the most vulnerable to binge drinking—a 
phenomenon characterized by consuming high doses of alcohol 
(four or more drinks for women and five or more for men) on a 
single occasion.11,21,28

The physiopathological, social, and economic impacts result-
ing from abusive alcohol consumption are widely documented. 
However, a better understanding of the underlying reasons that 
make healthcare students particularly vulnerable to this behavior 
is still necessary. The high rate of consumption and abuse in the 
academic environment may reflect the ease of accessing alcoholic 
beverages at frequent university parties and the adaptation mech-
anism to the academic environment, which ranges from its use as 
a means of social inclusion to a refuge from the stressful factors 
associated with courses.12

In the present study, a substantial portion of students engaged 
in binge drinking. Compared with other similar Brazilian stud-
ies, the prevalence of binge drinking varies widely, ranging from 
15.6%29 to 56.1%12; this suggests variability among regions and 
student populations, emphasizing the importance of specific pre-
vention approaches for each situation.

Another relevant point is that heavy drinking habits can inter-
fere with the development of these future professionals. According to 
a study by Cardoso et al.,30 this habit can contribute to unprepared-
ness in providing healthcare. Thus, this unpreparedness in the 
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profession results from the interference of abusive use in essen-
tial work activities, such as learning, memory, psychomotor speed, 
and decision-making.21

We observed an association between religion and both drink-
ing habits and binge drinking practices. University students who 
declared themselves Protestants had the lowest alcohol consump-
tion, while those who were Catholic reported the highest consump-
tion. Individuals without religious ties have a high prevalence of 
abusive alcohol use29; this characterizes religion as a protective factor 
against the adoption of risky behaviors, including the abusive use 
of substances such as alcohol. The fact that religiosity establishes 
norms and values that directly and indirectly influence individual 
attitudes may favor the rejection of drug use.

However, religions show differences with regard to the values 
that modulate the acceptance of consumption, which may be more 
or less permissive, especially about alcohol use. Therefore, Silva 
et al.31 have concluded that religions with less permissive views on 
alcohol consumption, such as Protestantism, played a more deter-
mining role in preventing abusive use.

The present study demonstrated the negative effects of binge 
drinking on academics through practices such as attending aca-
demic activities while intoxicated, missing class due to hangovers, 
experiencing administrative issues with the educational institu-
tion, and not completing academic activities due to alcohol con-
sumption. The impact of binge drinking on the academic envi-
ronment, whether through absence from activities or impaired 
performance, was also identified in the study by Cardoso et al.30 
Furthermore, binge drinking practitioners can be considered 
to exhibit harmful behavior to individual and collective health. 
The concept of harmful behavior encompasses everything from 
dependence on health hazards and chronic diseases32 as well 
as actions that directly affect society, such as legal problems 
and involvement in violent actions secondary to abusive use.27 
The importance of the topic is supported by the various negative 
effects of abusive use and its impact on public health, which sig-
nificantly contribute to morbidity and mortality.

Given these findings, this study is expected to inform future 
research and facilitate the creation of university-based preven-
tion policies that aim to mitigate the adverse effects of substance 
abuse, enhance students’ quality of life, and support their profes-
sional development. This includes the implementation of preven-
tive measures in educational institutions that disseminate infor-
mation about the consequences of abusive consumption, as well 
as the identification of at-risk groups, so that therapeutic inter-
ventions can be offered.22

Finally, the limitations of this study include the low partici-
pation of students in semesters with few in-person classes at the 
institution due to more practical fieldwork, which limits the appli-
cation of the data-collection instrument. As the questionnaire 

is self-administered and extensive, one must consider possible 
comprehension difficulties and fatigue in responding to all its 
questions. These factors may have contributed to some ques-
tions not being answered in their entirety by all participants 
in the sample. Despite these potential limitations, the findings 
presented in this study can be considered relevant to the sci-
entific literature.

CONCLUSION
This study revealed high prevalence rates of alcohol consump-
tion and binge drinking among healthcare students at a pri-
vate university, with associations between these patterns of con-
sumption and sex, religion, course, and academic semester. 
Additionally,  these habits were associated with risky behaviors 
and negative impacts on academic performance due to noncom-
pliance with curricular activities and the development of admin-
istrative problems with educational institutions.
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Relationship between angiogenic growth factors and 
atherosclerosis in renal transplantation recipients:  
a cross-sectional study
Melahat ÇobanI, Beyza Algul DurakII, Mine Sebnem KarakanIII

This study was conducted in Ankara Bilkent City Hospital nephrology clinic.

INTRODUCTION
Increased cardiovascular disease (CVD) has been observed in patients with chronic kidney dis-
ease (CKD), including renal transplant recipients (RTRs). Renal transplantation is the preferred 
treatment modality for patients with end-stage renal failure, providing significant survival and 
quality of life advantages over long-term dialysis. Although RTRs are highly susceptible to infec-
tion and have an increased tendency to develop malignancies, CVD is the main cause of mortal-
ity among RTRs. A 5-fold increase in cardiovascular (CV) mortality was detected one year after 
renal transplantation compared with that in the age-matched control group. In RTRs, the risk 
factors for CVD development are divided into two categories: traditional and non-traditional. 
Traditional risk factors are divided into two categories: immutable (age, sex, and inheritance) and 
variable (smoking, hyperlipidemia, hypertension, obesity, diabetes mellitus, physical activity, and 
stress). Non-traditional risk factors include transplantation and treatment (immunosuppressive 
agents, graft rejection, and viral infection) and chronic rejection (anemia, volume load, hyper-
homocysteinemia, oxidative stress, secondary hyperparathyroidism, and microinflammation).1

Atherosclerosis is characterized by chronic, unrecoverable inflammation and cholesterol 
accumulation in the vascular walls of medium and large arteries. Neovascularization, unstable 
plaque formation, and rupture play important roles in its development. The presence of athero-
sclerosis can be assessed using renal Doppler ultrasonography with carotid artery intima-media 
thickness (CA-IMT) as a reproducible, noninvasive, and simple method. Increased CA-IMT may 
be regarded as an indicator of increased risk of CV events. The development of atherosclerosis, 
as determined by CA-IMT, is more common in RTRs than in the normal population.2

IPhD. Assistant Professor, Department of 
Nephrology, Ankara Bilkent City Hospital, 
Ankara, Turkey.

 https://orcid.org/0000-0001-5761-7675

IIMD. Department of Nephrology, Ankara Bilkent 
City Hospital, Ankara, Turkey.

 https://orcid.org/0000-0002-3182-4382

IIIPhD. Professor, Department of Nephrology, 
Yıldırım Beyazıt University, Ankara, Turkey.

 https://orcid.org/0000-0002-7499-1738

KEYWORDS (MeSH terms): 
Atherosclerosis
Angiopoietin-2
Vascular endothelial growth factors

AUTHORS’ KEYWORDS:
Renal resistive index.
Renal transplant recipients.
Renal failure

ABSTRACT 
BACKGROUND: Accelerated development of atherosclerosis has been observed in renal transplant recip-
ients (RTRs). Angiopoietin-2 (Ang-2) and vascular endothelial growth factor (VEGF) are vascular enzymes 
that play important roles in vascular development and angiogenesis. 
OBJECTIVE: This study aimed to investigate the relationship between Ang-2 and VEGF and atherosclerosis 
in RTRs.
DESIGN AND SETTING: This study was conducted at Ankara City Hospital, Turkey.
METHODS: This cross-sectional study included 36 (37.5%) female and 60 (62.5%) male RTRs. All findings 
were compared with those of 70 healthy controls. Ultrasonographic measurements of the carotid artery 
intima-media thickness (CA-IMT) and renal resistive index (RRI) were used as indicators of atherosclerosis. 
RESULTS: Log10 Ang-2, log10 VEGF, CA-IMT, and RRI levels were significantly higher in patients than in 
healthy controls. No significant differences were detected in CA-IMT and RRI between those with log10 

Ang-2 ≥ 3.53 pg/mL and those with < 3.53 pg/mL. No significant differences were detected in CA-IMT 
and RRI between those with log10 VEGF ≥ 1.98 pg/mL and those with < 1.98 pg/mL. No correlation was 
detected between log10 Ang-2 and log10 VEGF, CA-IMT, or RRI.
CONCLUSIONS: Increased serum angiogenic growth factor levels and increased atherosclerosis devel-
opment were detected in RTRs compared to healthy individuals. No relationship was observed between 
angiogenic growth factors and atherosclerosis. This may be due to the decreased synthesis and effect 
of angiogenic growth factor receptors synthesized from atherosclerotic plaques due to atherosclerosis, 
which improves after renal transplantation.
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Determining the renal resistive index (RRI) using Doppler 
ultrasonography allows for the assessment of renal resistance and 
renal arteriolar damage. Values of ≥ 0.80 are indicative of adverse 
renal function and increased mortality,3 but a decreased RRI may 
be a sign of renal stenosis. Chudek et al. reported that RRI is a sen-
sitive but not specific marker for graft dysfunction.4 Radermacher 
et al. reported that a high RRI may be used as a strong indicator of 
graft loss.3 Kramann et al. reported that RRI obtained in the first 
6 months after the transplantation failed to predict graft failure; 
however, RRI obtained 12-18 months may be useful in predicting 
long-term graft outcomes.5 Shimizu et al. reported that RRI may be 
used as a reliable marker for atherosclerosis.6 Calabia et al. found a 
significant relationship between RRI and CA-IMT and argued that 
this relationship could provide useful data on micro- and macro-
vascular damage.7 For this reason, measuring RRI with ultraso-
nography can be considered an easy and non-invasive method to 
detect graft functions and the presence of atherosclerosis.

The balance between pro- and anti-angiogenic factors regulates 
angiogenesis, a process that requires an interaction between endo-
thelial cells, extracellular matrix, and surrounding cells, mediated 
by a set of growth factors, their receptors, and intracellular signals. 
The angiopoietin (Ang)-Tie ligand receptor system consists of 2 
receptor tyrosine kinases (Tie-1 and Tie-2) and four ligands (Ang-1, 
Ang-2, Ang-3, and Ang-4). Ang-2 is a ligand of Tie-2 receptor, a 
second-class vascular-specific receptor tyrosine kinase. Ang-2 is 
stored in granules called Weibel-Palade bodies (WPB) in endo-
thelial cells. The Ang/Tie system tightly controls the endothelial 
phenotype during angiogenesis. Loss of vascular integrity, vascu-
lar leakage, and neutrophil migration occur due to Ang-2 effects. 
Therefore, it is considered a pro-inflammatory factor. Ang-2 is 
expressed at active vascular remodeling and angiogenesis sites, 
and is induced by various cytokines, including vascular endothe-
lial growth factor (VEGF). Ang-2 acts as an agonist that stimulates 
angiogenesis by causing vascular destabilization in the presence of 
VEGF. Ang-2 competitively antagonizes Tie-2 phosphorylation in 
the absence of VEGF, causing vascular regression and endothelial 
cell death.8 Thus, Ang-2 and VEGF act synergistically to form a sta-
ble and functional microvasculature. High serum Ang-2 levels are 
detected in patients with diabetes mellitus, arteriosclerosis, acute 
coronary syndrome, arterial hypertension, and acute renal injury.

As important regulators of angiogenesis, lymphangiogenesis, 
lipid metabolism, and inflammation, the VEGF family comprises 
of heparin-binding proteins that play a role in atherosclerosis and 
other CVDs development. The VEGF family consists of five gene 
products in humans, three of which regulate blood vessel growth 
(VEGF-A, VEGF-B, placental growth factor), and two of which 
regulate lymphangiogenesis (VEGF-C and VEGF-D). Additionally, 
there are three VEGF receptors: VEGF receptor 1 (VEGFR1) (FLT1 
gene); VEGFR2 (KDR gene), which is mainly expressed in vascular 

endothelial cells; and VEGFR3 (FLT4 gene), which is expressed in 
lymphatic endothelial cells. The primary VEGF expression site is 
in the CV system (endothelial cells, angioblasts, and pericytes). 
However, it is also expressed in several other cell types during 
inflammation and hypoxia. VEGF receptors are distributed in vas-
cular smooth muscle cells, osteoblasts, cardiomyocytes, myofibro-
blasts, neurons, and various tumor cells.9 VEGF also plays roles in 
endothelial cell function, physiological angiogenesis (formation of 
blood vessels during tissue revascularization), and pathological 
angiogenesis (as a marker of ischemic diseases, inflammation, and 
microvascular occlusion). Increased VEGF levels induce endothe-
lial cell proliferation and vascular permeability. VEGF also plays a 
dual role in atherosclerosis. However, it sometimes acts as a mito-
gen via re-endothelialization, causing harmful effects by prevent-
ing the repair of endothelial lesions that induce atherogenesis.

Although many studies have been conducted with stage 
1-5 patients with CKD, few studies have investigated the devel-
opment of atherosclerosis in RTRs and the relationship between 
growth factors and atherosclerosis.

OBJECTIVE 
This study aimed to investigate the relationship between Ang-2 
and VEGF and atherosclerosis, as determined by CA-IMT and 
RRI in RTRs.

METHODS
Patient selection
This cross-sectional study was conducted with 96 RTRs, includ-
ing 36 female (37.5%) and 60 male (62.5%), who were followed up 
in the Organ Transplantation Polyclinic. The patient group was 
compared with a control group, which comprised 70 healthy vol-
unteers with a similar distribution of age and sex. The exclusion 
criteria were as follows: refusal to participate in the study, active 
infection and malignancy, peripheral vascular disease, previous 
history of cardiac intervention (coronary angiography, valvu-
lar replacement, cardiac pacemaker), or history of heart disease 
detected echocardiographically (atrial fibrillation, left ventricu-
lar systolic dysfunction [LVEF] < 50%). The study was explained 
to the participants and approved by the Ethics Committee of 
Ankara City Hospital on March 20, 2024 (TABED 2-24 68)

Laboratory measurements
Venous blood samples taken from all participants after an 8-12 h 
overnight fasting were centrifuged at 4 °C for 10 min, and the 
supernatants were stored at -80 °C. Serum creatinine, total cho-
lesterol (TC), high-density lipoprotein cholesterol (HDL-C), 
triglyceride, calcium (Ca), phosphate (P), 25 hydroxy(OH)
vitamin(Vit) D3 (25(OH)VitD3), and parathyroid hormone 
(PTH) levels were analyzed according to standard methods. 
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Low-density lipoprotein cholesterol (LDL-C) levels were cal-
culated using the Friedewald’s formula. Ang-2 (Elabscience, 
Shanghai, China) and VEGF (Novex Life Technologies, Thermo 
Fisher Scientific, Germany) levels were measured using commer-
cial enzyme-linked immunosorbent assay kits. For all parame-
ters, %CV was < 10%; analytical range and analytical sensitivity 
values were 45.78-2970 pg/mL and 26.12 pg/mL for Ang-2 and 
30.14-1989 pg/mL and 17.64 pg/mL for VEGF, respectively.

Measurement of CA-IMT
The right and left common carotid arteries (CCA) were visualized 
using a high-resolution B-mode ultrasonography (USI) device 
(Siemens, USA), using a 5-10 MHz linear probe. Measurements 
were performed in the supine position while the patient’s neck 
was angled approximately 20° to the contralateral side at three 
points: right and left CCA, bifurcation, and the first 2 cm seg-
ment of the internal carotid artery. CA-IMT was measured by 
evaluating the posterior wall. CA-IMT was determined by longi-
tudinal examination of the distance between the vascular lumen 
echogenicity and media/adventitia echogenicity. Each measure-
ment was repeated three times, and the average of the left and 
right measurements was calculated.

Measurement of RRI
Measurements were performed using a high-resolution B-mode 
ultrasonography (USI) device (Siemens, Saint Paul, Minnesota, 
United States) and a 5 MHz vector probe. The examination was 
performed in the supine and/or prone position in transverse and 
longitudinal sections of the kidney from the straight segment of 
the renal artery near the hilus on the arcuate arteries (at the cor-
ticomedullary junction) or interlobar arteries (adjacent to medul-
lary pyramids). No measurements were obtained from the acces-
sory arteries. The RRI was calculated using the following formula: 
(maximum systolic flow rate - end-diastolic flow rate)/ maximum 
systolic flow rate. The RRI was determined at least three times 
for both kidneys and averaged to obtain the mean RRI value for 
each patient. The RRI values were calculated as the average of all 
determinations in the two kidneys. The normal range is 0.50-0.70. 
A high RRI (> 0.8) in native kidneys is associated with adverse 
CV events. The intraobserver coefficients of variance of RRI were 
4.4% for the main renal artery and 5.1% for the interlobar artery.

Statistical analyses
The normality assumptions of the variables were examined using 
the Kolmogorov-Smirnov test. The Mann-Whitney U test was 
used to compare continuous variables that did not show a nor-
mal distribution between the groups, and the independent sam-
ples t-test was used to compare variables that had a normal dis-
tribution. The relationships between categorical variables were 

examined using chi-square or Fisher’s exact tests, and the rela-
tionships between continuous variables were examined using 
Spearman’s RHO correlation analysis. Multivariate regression 
analysis was used to determine the parameters predicting log10 

VEGF and log10 Ang-2 variables. The IBM SPSS version 25 (IBM 
Corp., Armonk, NY, USA) was used for all analyses, with a sig-
nificance level of P < 0.05.

RESULTS
Patients and healthy individuals
The study included 36 (37.5%) female and 60 (62.5%) male RTRs 
who had a mean age of 43.51 ± 11.51 years. The patients were com-
pared with a group of 70 age- and gender-matched healthy con-
trols who had a mean age of 44.94 ± 10.69 years. The mean time 
after transplantation was 40.8 ± 2.31 months. Nine (9.4%) patients 
had diabetes mellitus and 81 (84.4%) had hypertension. Mean 
creatinine, PTH, Ca, P, and 25(OH)VitD3 were 1.24 ± 0.46 mg/dL, 
102.21 ± 97.24 pg/mL, 9.28 ± 0.50 mg/dL, 3.20 ± 0.64 mg/dL, and 
16.85 ± 7.22 ng/mL, respectively. TC, LDL-C, HDL-C, and triglyc-
eride values were 186.01 ± 38.72 mg/dL, 105.00 ± 33.93 mg/dL, 
49.01 ±  13.06  mg/dL, and 157.44 ±  87.84  mg/dL, respectively. 
Mean log10 Ang-2 was 3.48 ±  0.18  pg/mL and log10 VEGF was 
1.88 ± 0.48 pg/mL. The mean CA-IMT was 0.91 ± 0.34 mm and 
RRI was 0.66 ± 0.06. Creatinine (P < 0.001), PTH (P < 0.001), 
triglyceride (P  <  0.001), log10 Ang-2 (P  =  0.009), log10 VEGF 
(P = 0.029), CA-IMT (P < 0.001), and RRI (P < 0.001) were sig-
nificantly higher in the patients than in the healthy controls, and 
estimated glomerular filtration rate (eGFR) (P < 0.001), 25(OH)
VitD3 (P < 0.001), TC (P = 0.004), and HDL-C (P < 0.001) were 
significantly lower (Table 1).

Relationship between average growth factor values and 
atherosclerosis

The mean log10 Ang-2 was 3.53 pg/mL, and no significant differ-
ences were detected between those with log10 Ang-2 ≥ 3.53 pg/mL 
and those with log10 Ang-2 < 3.53 pg/mL regarding PTH, Ca, P, 
25(OH)VitD3, CA-IMT, and RRI (Table 2).

The mean log10 VEGF was 1.98 pg/mL, and no significant differ-
ences were detected between those with log10 VEGF ≥ 1.98 pg/mL 
and those with Log10 VEGF < 1.98 pg/mL regarding PTH, Ca, P, 
25(OH)VitD3, CA-IMT, and RRI (Table 3).

Relationship between growth factors and atherosclerosis
No correlation was detected between log10 Ang-2 and eGFR 
(Figure 1), CA-IMT (Figure 2), or RRI (Figure 3). No relation-
ship was detected between log10 VEGF and eGFR (Figure  4), 
CA-IMT (Figure 5), or RRI (Figure 6) (Table  4). No relation-
ships were found in the multivariate analysis between log10 Ang-2 
and log10 VEGF, eGFR, CA-IMT, or RRI (Table 5).
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Table 1. Clinical data, demographic characteristics, and laboratory values of patients and healthy controls
Patients (n = 96)

Mean ± SD / n (%)
Healthy control group (n = 70)

Mean ± SD / n (%)
P

Age  (years) 43.51 ± 11.51 44.94 ± 10.69 0.029
Female/Male 36 (37.5%)/60 (62.5%) 39 (55.7%) /31 (44.3%) 0.026
BMI (kg/m2) 27.47 ± 5.82 25.53 ± 5.51 0.003*

Time since transplant (months) 40.8 ± 2.31
Diabetes mellitus 
Hypertension

9 (9.4%)
81 (84.4%)

Cyclosporine-MMF/MNa-steroid
Tacrolimus-MMF/MNa-steroid
Everolimus-tacrolimus-steroid

10 (10.4%)
77 (80.2%)

9 (9.3%)
Creatinine (mg/dL) 1.24 ± 0.46 0.82 ± 0.11 < 0.001*

eGFR (mL/min/1.73 m2) 63.69 ± 20.84 88.10 ± 13.28 < 0.001**

PTH (pg/mL) 102.21 ± 97.24 43.38 ± 15.33 < 0.001*

Ca (mg/dL) 9.28 ± 0.50 9.25 ± 0.33 0.810*

P (mg/dL) 3.20 ± 0.64 3.19 ± 0.50 0.801*

25(OH)VitD3 (ng/mL) 16.85 ± 7.22 27.54 ± 14.10 < 0.001*

TC (mg/dL) 186.01 ± 38.72 205.47 ± 41.00 0.004*

LDL-C (mg/dL) 105.00 ± 33.93 124.27 ± 39.15 0.007*

HDL-C (mg/dL) 49.01 ± 13.06 60.26 ± 10.70 < 0.001*

Triglyceride (mg/dL) 157.44 ± 87.84 105.51 ± 35.46 < 0.001*

Log10 Ang-2 (pg/mL) 3.48 ± 0.18 3.47 ± 0.10 0.009

Log10 VEGF (pg/mL) 1.88 ± 0.48 1.79 ± 0.34 0.029

CA-IMT (mm) 0.91 ± 0.34 0.67 ± 0.07 < 0.001*

RRI 0.66 ± 0.06 0.63 ±0 .04 < 0.001*

*Mann Whitney U test; ** Independent samples t-test. 
BMI = body mass index; MMF = mycophenolate mofetil; Mna = mycophenolate sodium; eGFR = estimated glomerular filtration rate; PTH = parathyroid 
hormone; Ca = calcium; P = phosphate; 25(OH)VitD3 = 25 hydroxy(OH)vitamin(Vit) D3; TC = total cholesterol;  LDL-C = low density lipoprotein cholesterol; 
HDL-C = high density lipoprotein cholesterol; VEGF = vascular endothelial growth factor; Ang-2 = angiopoietin-2; CA-IMT = carotid artery intima-media 
thickness; RRI = renal resistivity index.

Table 2. Comparison of patient characteristics according to median of 
log10 angiopoietin-2

Log10  Ang-2 
< 3.53 (n = 51)

Mean ± SD

Log10 Ang-2  
≥ 3.53 (n = 45)

Mean ± SD
P

Time since transplant 
(months)*** 128.24 ± 73.39 110.61 ± 61.38 0.200

eGFR  
(mL/min/1.73 m2)**** 62.92 ± 21.18 64.56 ± 20.65 0.704

PTH (pg/mL)**** 102.78 ± 113.89 101.56 ± 75.34 0.280

Ca (mg/dL)**** 9.15 ± 0.42 9.42 ± 0.55 0.006

P (mg/dL)**** 3.30 ± 0.63 3.09 ± 0.64 0.117

25(OH)VitD3 (ng/mL)*** 16.39 ± 8.10 17.43 ± 5.97 0.499

CA-IMT (mm)**** 0.93 ± 0.35 0.88 ± 0.33 0.621

RRI**** 0.65 ± 0.06 0.66 ± 0.06 0.365

***Mann Whitney U test; ****t-test in independent samples
SD = standard deviation; Ang-2 = Angiopoietin-2; eGFR = estimated glomerular 
filtration rate; PTH = parathyroid hormone; Ca = calcium; P = phosphate; 25(OH)
VitD3 = 25 hydroxy(OH)vitamin(Vit) D3; CA-IMT = carotid artery intima-media 
thickness; RRI = renal resistivity index.

Table 3. Comparison of patient characteristics according to 
median of log10 vascular endothelial growth factor

Log10 VEGF 
< 1.98 (n = 48)

Mean ± SD

Log10 VEGF 
≥ 1.98 (n = 48)

Mean ± SD
P

Time since transplant 
(months)*** 122.90 ± 80.67 117.19 ± 53.56 0.791

eGFR  
(mL/min/1.73 m2)**** 67.42 ± 19.06 59.96 ± 22.05 0.079

PTH (pg/mL)**** 82.90 ± 87.64
121.52 ± 
103.29

0.102

Ca (mg/dL)**** 9.18 ± 0.39 9.37 ± 0.58 0.128

P (mg/dL)**** 3.25 ± 0.51 3.16 ± 0.76 0.654

25(OH)VitD3 (ng/mL)*** 17.00 ± 7.34 16.69 ± 7.18 0.838

CA-IMT (mm)**** 0.94 ± 0.35 0.88 ± 0.32 0.272

RRI**** 0.65 ± 0.06 0.67 ± 0.07 0.122

***Mann Whitney U test; ****t-test in independent samples
VEGF = vascular endothelial growth factor; SD = standard deviation; 
eGFR = estimated glomerular filtration rate; PTH = parathyroid 
hormone; Ca = calcium; P = phosphate; 25(OH)VitD3 = 25 hydroxy(OH)
vitamin(Vit) D3; CA-IMT = carotid artery intima-media thickness; 
RRI = renal resistivity index.



Relationship between angiogenic growth factors and atherosclerosis in renal transplantation recipients: a cross-sectional study | ORIGINAL ARTICLE

Sao Paulo Med J. 2024;142(6):e2024120     5

Figure 1. Relationship between angiopoietin-2 and estimated 
glomerular filtration rate (r = 0.073, P = 0.479).

Figure 2. Relationship between  angiopoietin-2 and carotid 
artery intima-media thickness (r = -0.067, P = 0.533).

Figure 3. Relationship between  angiopoietin-2 and renal 
resistivity index (r = - 0.172, P = 0.097).

Figure 4. Relationship between vascular endothelial growth factor and 
estimated glomerular filtration rate (r = -0.130, P = 0.205).

Figure 5. Relationship between vascular endothelial growth factor and 
carotid artery intima-media thickness (r = 0.111, P = 0.299).

Figure 6. Relationship between vascular endothelial growth factor and 
renal resistivity index (r = 0.067, P = 0.522).

DISCUSSION
Increased serum Ang-2 and VEGF levels were detected in RTRs 
compared to those in healthy individuals in our study. In addi-
tion, increased atherosclerosis development, as determined by 
CA-IMT and RRI, was found in RTRs compared to those in 
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Table 4. Correlation between serum growth factors and atherosclerosis
Log10 
VEGF

r

Log10 
VEGF

P

Log10 
Ang-2

r

Log10 
Ang-2

P
Time since transplant (months) 0.053 0.610 -0.117 0.260
eGFR (mL/min/1.73 m2) -0.130 0.205 0.073 0.479
PTH (pg/mL) 0.134 0.194 0.014 0.890
Ca (mg/dL) 0.170 0.197 0.216 0.350
P (mg/dL) -0.134 0.193 -0.070 0.498 
25(OH)VitD3 (ng/mL) 0.016 0.879 0.102 0.338
CA-IMT (mm) 0.111 0.299 -0.067 0.533
RRI 0.067 0.522 -0.172 0.097

Mann Whitney U test; Spearman correlation test
VEGF = vascular endothelial growth factor; Ang-2 = Angiopoietin-2; 
eGFR = estimated glomerular filtration rate; PTH = parathyroid hormone; 
Ca = calcium; P = phosphate; 25(OH)VitD3 = 25 hydroxy(OH)vitamin(Vit) D3;  
CA-IMT = carotid artery intima-media thickness; RRI = renal resistivity index.

SE = standard error; VEGF = vascular endothelial growth factor; Ang-
2 = Angiopoietin-2; eGFR = estimated glomerular filtration rate; CA-IMT = carotid 
artery intima-media thickness; RRI = renal resistivity index.

Table 5. Association between serum angiogenic growth factors and 
atherosclerosis in multivariate analysis

β SE P

Log10 VEGF
eGFR (mL/min/1.73 m2) 0.000 0.002 0.868
CA-IMT (mm) 0.024 0.133 0.859
RRI 0.896 0.705 0.207

Log10 Ang-2
eGFR (mL/min/1.73 m2) 0.000 0.001 0.707
CA-IMT (mm) -0.053 0.068 0.437
RRI -0.489 0.361 0.179

healthy individuals. No relationship was found between Ang-2 
and VEGF and atherosclerosis.

Patients with CKD show increased atherosclerosis, as deter-
mined by CA-IMT; however, results regarding the effects of renal 
transplantation on atherosclerosis development are conflicting. 
In a study conducted with 178 RTRs, Yilmaz et al. reported an 
improvement in atherosclerosis 6 months after the transplanta-
tion and that the improvement was associated with the accom-
panying increase in eGFR, but the values were still higher when 
compared to healthy individuals.10 Nafar et al. reported that the 
CA-IMT value increased gradually 2, 4, and 6 months after the 
transplantation.11 Pinho et al. reported accelerated atherosclerosis 
development after renal transplantation.12 Junarta et al. detected 
no relationships between eGFR and atherosclerosis and observed 
increased atherosclerosis development determined by CA-IMT 
in RTRs.13 Basinatria et al. reported that the CA-IMT value was 
higher in young RTRs than in healthy individuals and that the 

development of subclinical atherosclerosis was observed concern-
ing sex and cumulative calcitriol dose.14 Kasiske et al. reported an 
acceleration in the atherosclerotic process after the transplanta-
tion in RTRs who did not have atherosclerotic disease before the 
transplantation.15 Lindholm et al. reported that atherosclerotic 
complications were significantly higher in RTRs than in the nor-
mal population.16 Turkmen et al. found increased atherosclerosis, 
determined by CA-IMT, in RTRs when compared to healthy indi-
viduals, and this was associated with increased oxidative stress, 
expression of pro-inflammatory and prothrombotic molecules, 
and decreased endothelial repair ability.17 Increased atheroscle-
rosis determined by CA-IMT was observed in RTRs compared to 
healthy individuals in the present study.

Renal dysfunction (anatomical and functional changes in 
the microcirculation of the kidney) implies increased RRI values 
because of a decreased number and area of postglomerular cap-
illaries. An increased RRI is associated with the degree of renal 
impairment as a measure of increased microvascular tonus. Scarring 
in the kidneys causes a decrease in the area of intrarenal vessels, 
which causes an increase in intrarenal vascular resistance.3 Calabia 
et al. reported that the mean RRI value was 0.69 ± 0.08 and RRI 
values were significantly higher in patients with CKD.7 Shimizu 
et al. reported significant relationships between RRI and carotid 
atherosclerosis.6 Radermacher et al. reported that increased RRI 
value was associated with increased mortality in RTRs.3 Heine et al. 
reported that RRI was a complex integration of arterial compliance, 
pulsatility, and peripheral resistance in RTRs and was associated 
with subclinical atherosclerotic vascular damage and traditional 
CV risk factors; therefore, it is a marker of not only renal but also 
general vascular atherosclerosis.18 Akgul et al. reported a relation-
ship between RRI and CV risk factors and atherosclerosis deter-
mined by CA-IMT in RTRs.19 Brennan et al. reported a significant 
relationships between RRI and traditional CV risk factors and sub-
clinical atherosclerosis in renal transplantation.20 Köger et al. found 
a significant correlation between mean renal transplantation RRI 
and mean internal carotid artery RRI in RTRs and noted that RRI 
was associated with overall atherosclerosis. They also reported that 
traditional CV risk factors and markers of subclinical atheroscle-
rosis were associated with elevated RRI in RTRs.21 Increased ath-
erosclerosis determined by RRI was observed in RTRs compared 
with healthy individuals in the present study.

In the present study, increased serum Ang-2 levels were detected 
in RTRs compared with those in healthy individuals. David et al. 
reported an inverse relationship between serum Ang-2 levels and 
eGFR in patients with CKD, and showed that circulating Ang-2 
levels increased in patients with stage 1-5 CKD and patients on 
dialysis, and also reported that Ang-2 levels increased shortly 
after nephrectomy in a group of 15 healthy renal donors and cor-
related with a decrease in eGFR. They noted that the high Ang-2 
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levels returned to normal 3 months after renal transplantation. 
Endothelial WBP, synthesized from activated endothelial cells in 
patients with CKD, is the primary source of Ang-2. WBP secretion 
is activated by physical damage (hypoxia and trauma), endogenous 
chemicals (reactive oxygen species, histamine, and serotonin), and 
proteins (thrombin, VEGF, etc.). As the only known inhibitor of 
WBP exocytosis, nitric oxide is decreased in patients with CKD.22 
In vivo studies have shown that pharmacological inhibition of 
nitric oxide production increases endothelial WPB exocytosis. 
Increased Ang-2 levels may result from excessive WPB exocytosis 
because of decreased nitric oxide in patients with CKD.23 Yang et al. 
reported higher serum Ang-2 levels in peritoneal dialysis patients 
than in healthy individuals, suggesting that increased Ang-2 lev-
els resulted from excessive WPB exocytosis because of decreased 
nitric oxide production. Ang-2 expression has also been detected 
in high glucose and tumor necrosis factor-alpha levels in dialysis 
patients in vitro.24

Tsai et  al. showed an independent association between 
increased serum Ang-2 levels and all-cause mortality and adverse 
CV events in patients with CKD.25 David et al. reported a rela-
tionship between increased Ang-2 and increased CV mortality in 
patients with CKD.26 Iribarren et al. reported that increased serum 
Ang-2 levels may be associated with CV disease progression and 
could be used as a marker for CV events that might develop.27 Le 
et al. reported that Ang-2 was elevated in vascularized and rup-
ture-prone human atherosclerotic plaques.28 El-Asrar et al. reported 
that Ang-2 was a significant independent risk factor for athero-
sclerosis because of its role in vascular dysfunction in patients 
with type 1 diabetes mellitus.29 Yang et al. reported a relationship 
between Ang-2 and atherosclerosis in peritoneal dialysis patients 
and that high Ang-2 levels would independently predict fatal and 
non-fatal CV events.24 Shroff et al. studied children undergoing 
dialysis treatment and found an association between increased 
serum Ang-2 levels and atherosclerosis as assessed by CA-IMT.30 

Mayer et al. reported that Ang-2 showed an increase with advanc-
ing disease stage in patients with CKD, and caused increased 
atherosclerosis.31 David et al. reported that Ang-2 was a marker 
of atherosclerosis in patients with CKD and that Ang-2-induced 
endothelial activation had important roles in the pathogenesis of 
atherosclerosis.22 No relationships were found between Ang-2 and 
atherosclerosis determined by CA-IMT and RRI in RTRs in the 
present study. Ahmed et al. reported that Ang-2 inhibits athero-
sclerosis by limiting LDL oxidation over a nitric oxide-dependent 
pathway by stimulating the release of nitric oxide from endothe-
lial cells.32 David et al. reported that elevated Ang-2 was an indi-
cator of atherosclerosis in dialysis patients and that Ang-2 was 
not a marker of atherosclerosis in renal transplantation, attrib-
uting this to the disappearance of atherosclerotic changes after 
renal transplantation.33

In the present study, increased serum VEGF levels were 
observed in RTRs compared to healthy individuals. Blann et al. 
reported elevated serum VEGF levels in diabetic patients.34 Liu 
et al. suggested an increased serum VEGF levels in patients with 
CKD compared to healthy individuals probably due to decreased 
excretion because of decreased renal function or VEGF being closely 
associated with CKD pathogenesis.35 Nguyen et al. reported that 
VEGF was inversely correlated with eGFR in patients with diabetic 
stage 3-5 CKD and increased serum VEGF levels were detected 
when compared to healthy individuals.36 Pilmore et al. reported 
an increased serum VEGF levels in RTRs because of hypoxia and 
decreased renal blood flow in chronic rejection.37 Rintala et al. 
reported that VEGF ligands and receptors increased after renal 
transplantation in mice.38

The role of VEGF in the molecular mechanisms underly-
ing atherosclerotic lesions remains controversial. Angiogenesis 
mediates plaque growth, promoting the influx of erythrocytes 
and inflammatory cells, resulting in plaque rupture and deterio-
ration of atherosclerosis. Hypoxia and inflammation in atheroscle-
rotic plaques trigger VEGF synthesis in macrophages. Felmeden 
et al. reported a relationship between high serum VEGF levels 
and endothelial damage/dysfunction and CV risk in hyperten-
sive patients.39 Celletti et al. suggested that VEGF potentially 
enhanced the development of early atherosclerotic plaques and 
contributed to plaque destabilization and atherosclerosis dete-
rioration.40 Inoue et al. noted that VEGF promoted the devel-
opment of atherosclerosis by stimulating monocyte chemotaxis 
and plaque neovascularization.41 Celletti et al. showed that VEGF 
promotes atherosclerotic plaque formation in mice40 and Ohtani 
et al. showed that it stimulated the development of atheroscle-
rosis through the infiltration of macrophages and mobilization 
of myelocytes in rabbits.42 Yu et al. suggested that VEGF could 
be defined as a marker of atherosclerosis, based on their experi-
ment in rabbits.43 Kimura et al. reported that serum VEGF could 
be used as a prognostic marker for atherosclerosis development 
in humans.44 In the present study, no relationships were detected 
between VEGF and atherosclerosis determined by CA-IMT and 
RRI in RTRs. VEGF inhibits media thickening by accelerating 
vascular endothelial cell regeneration and improving endothelial 
function. Milasan et al. reported that VEGF inhibits the inflam-
matory response, and prevents the progression of atherosclerosis 
by stimulating the expansion and proliferation of lymphatic ves-
sels and reducing oxidative stress.45 Heinonen et al. reported that 
VEGF causes decreased atherosclerosis development by reduc-
ing plasma lipoprotein lipase activity and accumulating chylo-
microns, LDL, and triglycerides in large lipoprotein granules.46 
Lim et al. reported that VEGF and Ang-2 levels increased in dia-
betic patients, but detected no relationships between them and 
endothelial damage and atherosclerosis.47 Sánchez-Escuredo et al. 
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reported that although an independent relationship was detected 
between interleukin-8 and C-reactive protein, which are inflam-
mation markers, and increased CA-IMT and CV mortality after 
renal transplantation, such a relationship was not detected with 
VEGF.48 After renal transplantation, secondary to the decreased 
atherosclerosis49, a decrease in the receptors and effects of angio-
genic growth factors synthesized from atherosclerotic plaques 
may occur. Fiedler et al.50 reported that Ang may be responsible 
for the development of CV events by triggering microinflamma-
tory events on the endothelium without causing atherosclerosis.

The present study has some limitations. First, the study had 
a cross-sectional design, was conducted in a single center, and 
included a limited number of patients. Because this study had a 
small sample size, it was difficult to uncover the traditional and 
non-traditional risk factors that cause atherosclerosis develop-
ment. Second, serum Ang-2 and VEGF-A levels and ultrasono-
graphic findings were determined only at the beginning of the 
study, and follow-up values were not obtained because the study 
was cross-sectional. Third, no comparisons were made based on 
serum angiogenic growth factor levels and CA-IMT values in 
patients who received peritoneal dialysis or hemodialysis treatment 
before transplantation. Serum angiopoietin and VEGF levels, and 
atherosclerosis findings were determined only at the beginning of 
the study, and follow-up values were not obtained. Therefore, the 
relationship between growth factors and atherosclerosis was not 
examined in RTRs during the follow-up periods. Additionally, anti-
hypertensive and antihyperlipidemic medications were contin-
ued for ethical reasons. Therefore, it is not possible to rule out the 
direct effects of these drugs on endothelial function. This may have 
affected the actual atherosclerosis rates in the patients included in 
this study. Finally, other subtypes of growth factors, tissue recep-
tors, and inflammatory parameters and their effects on atheroscle-
rosis have not been investigated.

CONCLUSION
Increased serum angiogenic growth factor levels and atheroscle-
rosis development were detected in RTRs. No relationship was 
detected between the angiogenic growth factors and atheroscle-
rosis. This may be due to decreased levels of serum angiogenic 
growth factors and receptors synthesized from atherosclerotic 
plaques that resolved after transplantation. Further multicenter 
studies with a larger number of patients are needed because of 
conflicting results.
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The addition or deletion of authors’ names in the manuscript 
byline is possible only if the corresponding author provides the rea-
son for the rearrangement and a written signed agreement from 
all authors. Modifications to the order of the authors are possible, 
but also need to be justified. Authors whose names are removed or 
inserted must agree with this in writing. Publication of the article can-
not proceed without a declaration of authorship contributions signed 
by all authors. 

São Paulo Medical Journal supports the ORCID initiative. 
All  authors should create an ORCID identification (ID) record 
(in www.orcid.org) before submitting their article and should link the 
submission to their existing ORCID ID in the electronic submission 
system. ORCID identifications help to distinguish researchers with 
similar names, give credit to contributors and link authors to their 
professional affiliations. In addition, this may increase the ability of 
search engines to retrieve articles.

São Paulo Medical Journal supports Open Science practices. 
Authors must therefore complete an open science compliance form, 
which is available from: https://wp.scielo.org/wp-content/uploads/
Open-Science-Compliance-Form_en.docx.

Redundant or duplicate publication
São Paulo Medical Journal will avoid publishing redundant or 

duplicate articles. The Journal agrees with the ICMJE definition of 
redundant publication,11 i.e. an attempt to report or publish the same 
results from a study twice. This includes but is not limited to publi-
cation of patient cohort data that has already been published, with-
out clear reference to the previous publication. In situations in which 
authors are making a secondary analysis on data that has already pub-
lished elsewhere, they must state this clearly. Moreover, the outcomes 
assessed in each analysis should be clearly differentiated.

The Journal’s peer review policy and procedures
After receipt of the article through the electronic submission sys-

tem, it will be read by the editorial team, who will check whether the text 
complies with the Journal’s Instructions for Authors regarding format. 
The Journal has adopted the CrossRef Similarity Check system for iden-
tifying plagiarism and any text that has been plagiarized, in whole or in 
part, will be promptly rejected. Self-plagiarism will also be monitored.

When the general format of the manuscript is deemed accept-
able and fully compliant with these Instructions for Authors, and only 
then, the editorial team will submit the article to the Editor-in-Chief, 
who will firstly evaluate its scope. If the editor finds that the topic is 
of interest for publication, he will assign at least two reviewers/refer-
ees with expertise in the theme, to evaluate the quality of the study. 
After a period varying from one to several weeks, the authors will then 

receive the reviewers’ evaluations and will be required to provide all 
further information requested and the corrections that may be nec-
essary for publication. These reviewers, as well as the Editorial Team 
and the Editor-in-Chief, may also deem the article to be unsuitable for 
publication by São Paulo Medical Journal at this point. 

At the time of manuscript submission, the authors will be asked 
to indicate the names of three to five referees. All of them should be 
from outside the institution where the authors work and at least two 
should preferably be from outside Brazil. The Editor-in-Chief is free 
to choose them to review the paper or to rely on the São Paulo Medi-
cal Journal’s Editorial Board alone.

Articles will be rejected without peer review if:
•	 they do not present Ethics Committee approval (or a justification 

for the absence of this);
•	 they fail to adhere to the format for text and figures described here.

After peer review
Peer reviewers, associated editors and the Editor-in-Chief may ask 

for clarifications or changes to be made to the manuscript. The authors 
should then send their article back to the Journal, with the modifications 
made as requested. Changes to the text should be highlighted (in a differ-
ent color or using a text editor tool to track changes). Failure to show the 
changes clearly might result in the paper being returned to the authors.

The modified article must be accompanied by a letter answer-
ing the referees’ comments, point by point. The modified article and 
the response letter are presented to the editorial team and reviewers, 
who will verify whether the problems have been resolved adequately. 
The text and the reviewers’ final evaluations, along with the response 
letter, will then be sent to the Editor-in-Chief for a decision. 

Manuscripts that are found to be suitable for publication through 
their scientific merit will be considered “provisionally accepted”. How-
ever, all articles will subsequently be scrutinized to check for any prob-
lems regarding the reporting, i.e. sentence construction, spelling, gram-
mar, numerical/statistical problems, bibliographical references and 
other matters that may arise, especially in the Methods section. The 
adherence to reporting guidelines will be checked at this point, and the 
staff will point out any information regarding methodology or results 
that the authors should provide.  This is done in order to ensure trans-
parency and integrity of publication, and to allow reproducibility. 

The editorial team will then provide page proofs for the authors to 
review and approve. No article is published without this final author 
approval. All authors should review the proof, although the Journal 
asks the corresponding author to give final approval.

Submission
Articles should be submitted only after they have been format-

ted as described below. Texts must be submitted exclusively through 
the Internet, using the Journal’s electronic submission system, which 
is available at http://mc04.manuscriptcentral.com/spmj-scielo. 
Submissions sent by e-mail or through the post will not be accepted.
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The manuscript should be divided into two files. The first of these, 
the main document (“blinded”), should contain the article title, arti-
cle type, keywords and abstract, article text, references and tables, but 
must omit all information about the authors. The second of these, the 
“title page”, should contain all the information about the authors.

To format these documents, use Times New Roman font, font size 
12, line spacing 1.5, justified text and numbered pages.

The corresponding author is responsible for the submission. 
However, all authors should approve the final version of the manu-
script that is to be submitted and should be aware of and approve any 
changes that might be made after peer review.

Covering letter
All manuscripts must be submitted with a covering letter signed at 

least by the corresponding author. The letter must contain the follow-
ing five essential items relating to the manuscript:
1.	 a declaration that the manuscript is original and that the text is 

not under consideration by any other journal;
2.	 a statement that the manuscript has been approved by all authors, 

who agree to cede the copyrights to the Journal, disclose all 
sources of funding and declare all potential conflicts of interest;

3.	 a statement that the study protocol was endorsed by an Internal 
Review Board (Ethics Committee), including the date and num-
ber of the approval (in the case of original articles). This is required 
for absolutely all studies involving human subjects or patient data 
(such as medical records), in accordance with the Committee on 
Publication Ethics (COPE) guidelines, and even for case reports. A 
copy of the approval document must be submitted to the Journal;

4.	 each author should indicate a valid, up-to-date email address for contact;
5.	 a list of a minimum of five potential referees outside of the authors’ 

institutions, who could be invited, at the Editor-in-Chief ’s discre-
tion, to evaluate the manuscript.

General guidelines for original articles 
The following are considered to be full-text original articles: clin-

ical trials; cohort, case-control, prevalence, incidence, accuracy and 
cost-effectiveness studies; case series (i.e. case reports on more than 
three patients analyzed together); and systematic reviews with or 
without meta-analysis. These types of article should be written with 
a maximum of 3,500 words (from the introduction to the end of 
the conclusion).

Typical main headings in the text include Introduction, Meth-
ods, Results, Discussion and Conclusion. The authors can and should 
use short subheadings too, especially those concerning the reporting 
guideline items.

Trial and systematic review registration policy
São Paulo Medical Journal supports the clinical trial registra-

tion policies of the World Health Organization (WHO) and the 

International Committee of Medical Journal Editors (ICMJE) and rec-
ognizes the importance of these initiatives for registration and inter-
national dissemination of information on randomized clinical trials, 
with open access. Thus, since 2008, manuscripts on clinical trials are 
accepted for publication if they have received an identification num-
ber from one of the public clinical trial registration database (such as 
ClinicalTrials.gov and/or REBEC and/or the World Health Organiza-
tion; the options are stated at http://www.icmje.org). The identifica-
tion number should be declared at the end of the abstract. Articles 
describing systematic reviews must provide the protocol registration 
number from a reliable database, such as PROSPERO, Open Science 
Framework, Cochrane, Joanna Briggs and others. Articles presenting 
clinical trials or systematic reviews without registration protocols will 
be promptly rejected without peer review.

Results from cases with DNA sequences must be deposited in 
appropriate public databases. The protocol number or URL can be 
requested at any time during the editorial review. Publication of other 
research data in public repositories is also recommended, since it con-
tributes towards replicability of research, increases article visibility 
and possibly improves access to health information.

Sample size
All studies published in SPMJ must present a description of how 

the sample size was arrived at. If it was a convenience or purposive 
sample, the authors must declare so and explain the characteristics of 
this sample and recruitment method. For clinical trials, for instance, 
it is mandatory to inform each of the three main values used to cal-
culate sample size:
•	 power (usually 80% or more);
•	 level of significance (usually 0.05 or lower);
•	 clinically meaningful difference (effect size targeted), according to 

the main outcome measurement.

Regardless of study results (if “positive” or “negative”), the jour-
nal will probably reject articles of trials using underpowered samples, 
when sample size has not been properly calculated or the calculation 
has not been fully described as indicated above.

Abbreviations, acronyms and products
Abbreviations and acronyms must not be used, even those in 

everyday use, unless they are defined when first used in the text. 
However, authors should avoid them for clarity whenever possible. 
Drugs or medications must be referred to using their generic names 
(without capital letters), with avoidance of casual mention of com-
mercial or brand names. 

Interventions
All drugs, including anesthetics, should be followed by the dosage 

and posology used. 
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Any product cited in the Methods section, such as diagnostic or 
therapeutic equipment, tests, reagents, instruments, utensils, prosthe-
ses, orthoses and intraoperative devices, must be described together 
with the manufacturer’s name and place (city and country) of man-
ufacture in parentheses. The version of the software used should be 
mentioned. 

Any other interventions, such as exercises, psychological assess-
ments or educational sessions, should be described in enough details 
to allow reproducibility. The Journal recommends that the TIDieR 
reporting guidelines should be used to describe interventions, both in 
clinical trials and in observational studies.13 

Supplementary material
Because supplementary material comprises documents that do 

not form part of the text of the manuscript, São Paulo Medical Journal 
will not publish it. The authors should cite an access link that allows 
readers to view the supplementary material.

Short communications
Short communications are reports on the results from ongo-

ing studies or studies that have recently been concluded for which 
urgent publication is important. They should be structured in the 
same way as original articles. The authors of this kind of commu-
nication should explain, in the covering letter, why they believe 
that publication is urgent. Short communications and case reports 
must be limited to 1,000 words (from the introduction to the end 
of the conclusion). 

Case reports, case series, narrative reviews and letters to the editor
Starting in June 2018, only individual case reports dealing with 

situations of public health emergencies will be accepted by São Paulo 
Medical Journal. Case reports that had already been accepted for pub-
lication up to May 2018 will still be published in a timely manner.

After initial evaluation of scope by the editor-in-chief, case 
reports, case series and narrative reviews will be considered for 
peer-review evaluation only when accompanied by a systematic 
search of the literature, in which relevant studies found (based on 
their level of evidence) are presented and discussed.12 The search 
strategy for each database and the number of articles obtained from 
each database should be shown in a table. This is mandatory for all 
case reports, case series and narrative reviews submitted for publica-
tion. Failure to provide the search description will lead to rejection 
before peer review.

The access route to the electronic databases used should be 
stated (for example, PubMed, OVID, Elsevier or Bireme). For the 
search strategies, MeSH terms must be used for Medline, LILACS, 
and Cochrane Library. DeCS terms must be used for LILACS. 
EMTREE terms must be used for Embase. Also, for LILACS, the 
search strategy must be conducted using English (MeSH), Spanish 
(DeCS) and Portuguese (DeCS) terms concomitantly. The search 

strategies must be presented exactly as they were used during the 
search, including parentheses, quotation marks and Boolean opera-
tors (AND, OR, and NOT). The search dates should be indicated in 
the text or in the table.

Patients have the right to privacy. Submission of case reports 
and case series must contain a declaration that all patients gave 
their consent to have their cases reported (even for patients cared 
for in public institutions), in text and images (photographs or imag-
ing examination reproductions). The Journal will take care to cover 
any anatomical part or examination section that might allow patient 
identification. For deceased patients whose relatives cannot be con-
tacted, the authors should consult the Editor-in-Chief. All case 
reports and case series must be evaluated and approved by an eth-
ics committee. 

Case reports should be reported in accordance with the CARE 
Statement,7 including a timeline of interventions. They should be 
structured in the same way as original articles. 

Case reports must not be submitted as letters. Letters to the edi-
tor address articles that have been published in the São Paulo Medi-
cal Journal or may deal with health issues of interest. In the category 
of letters to the editor, the text has a free format, but must not exceed 
500 words and five references.

FORMAT: FOR ALL TYPES OF ARTICLES

Title page 
The title page must contain the following items:

1.	 Type of paper (original article, review or updating article, short 
communication or letter to the editor);

2.	 Title of the paper in English, which should be brief but informa-
tive, and should mention the study design.14 Clinical trial, cohort, 
cross-sectional or case-control study, and systematic review are 
the most common study designs. Note: the study design declared 
in the title should be the same in the methods and in the abstract;

3.	 Full name of each author. The editorial policy of the São Paulo 
Medical Journal is that abbreviations of authors’ names must not 
be used; therefore, we ask that names be stated in full, without 
using abbreviations;

4.	 Place or institution where the work was developed, city and 
country;  

5.	 Each author should indicate the way his/her name should be used 
in indexing. For example: for “João Costa Andrade”, the indexed 
name could be “Costa-Andrade J.” or “Andrade JC”, as preferred;

6.	 The author’s professional background (Physician, Pharmacist, 
Nurse, Dietitian or another professional description, or Under-
graduate Student); and his/her position currently held (for exam-
ple, Master’s or Doctoral Student, Assistant Professor, Associate 
Professor or Professor), in the department and institution where 
he/she works, and the city and country (affiliations);
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7.	 Each author should present his/her ORCID identification number (as 
obtained from  HYPERLINK “http://www.orcid.org/” www.orcid.org); 

8.	 Each author must inform his contribution, preferably following 
the CRediT system (see above in Authorship);

9.	 Date and venue of the event at which the paper was presented, if 
applicable, such as congresses, seminars or dissertation or thesis 
presentations.

10.	Sources of financial support for the study, bursaries or fund-
ing for purchasing or donation of equipment or drugs. The 
protocol number for the funding must be presented with the 
name of the issuing institution. For Brazilian authors, all 
grants that can be considered to be related to production of 
the study must be declared, such as fellowships for under-
graduate, master’s and doctoral students; along with possible 
support for postgraduate programs (such as CAPES) and for 
the authors individually, such as awards for established inves-
tigators (productivity; CNPq), accompanied by the respective 
grant numbers.

11.	 Description of any conflicts of interest held by the authors 
(see above). 

12.	 Complete postal address, e-mail address and telephone number 
of the author to be contacted about the publication process in the 
Journal (the “corresponding author”). This author should also 
indicate a postal address, e-mail address and telephone number 
that can be published together with the article. São Paulo Medical 
Journal recommends that an office address (rather than a residen-
tial address) should be informed for publication.
Second page: abstract and keywords
The second page must include the title and a structured abstract in 

English with a maximum of 250 words. References must not be cited 
in the abstract.

The following headings must be used in the structured abstract:
•	 Background – Describe the context and rationale for the study;
•	 Objectives - Describe the study aims. These aims need to be con-

cordant with the study objectives in the main text of the article, 
and with the conclusions; 

•	 Design and setting – Declare the study design correctly, and the 
setting (type of institution or center and geographical location);

•	 Methods – Describe the methods briefly. It is not necessary to give 
all the details on statistics in the abstract;

•	 Results – Report the primary results;
•	 Conclusions – Make a succinct statement about data interpre-

tation, answering the research question presented previously. 
Check  that this is concordant with the conclusions in the main 
text of the article;

•	 Clinical Trial or Systematic Review Registration – Mandatory for 
clinical trials and systematic reviews; optional for observational 
studies. List the URL, as well as the Unique Identifier, on the pub-
licly accessible website on which the trial is registered.

•	 MeSH Terms - Three to five keywords in English must be chosen 
from the Medical Subject Headings (MeSH) list of Index Med-
icus, which is available at http://www.ncbi.nlm.nih.gov/sites/
entrez?db=mesh.These terms will help librarians to quickly index 
the article.

•	 Author keywords - The authors should also add three to six “author 
keywords” that they think express the main article themes. These 
keywords should be different from the MeSH terms and preferably 
different from words already used in the title and abstract, so as to 
improve the discoverability of the article by readers doing a search 
in PubMed. They provide an additional chance for the article to be 
retrieved, read and cited. Combinations of words and variations 
(different wording or plurals, for example) are encouraged.
References
For any manuscript, all statements in the text that do not result 

from the study presented for publication in the São Paulo Medical 
Journal but from other studies must be accompanied by a quotation 
of the source of the data. All statements regarding health statistics and 
epidemiological data should generally be followed by references to the 
sources that generated this information, even if the data are only avail-
able electronically.

São Paulo Medical Journal uses the reference style known as the 
“Vancouver style,” as recommended by the International Commit-
tee of Medical Journal Editors (ICMJE). Follow the instructions and 
examples at www.icmje.org, item “References”, for the format. 

In the text, the references must be numbered in the order of cita-
tion. The citation numbers must be inserted after periods/full stops 
or commas in sentences, and in superscript (without parentheses or 
square brackets). References cited in the legends of tables and figures 
must maintain sequence with the references mentioned in the text.

In the list of references, all the authors must be listed if there are 
up to and including five authors; if there are six or more, the first three 
should be cited, followed by the expression “et al.” For books, the city 
of publication and the name of the publishing house are mandatory. 
For texts published on the internet, the complete uniform resource 
locator (URL) or address is necessary (not only the main home page 
of a website or link), so that by copying the complete address into a 
computer internet browser, the Journal’s readers will be taken to the 
exact document cited, and not to a general website.

At the end of each reference, please insert the “PMID” number (for 
papers indexed in PubMed) and the link to the “DOI” number if available.

Authors are responsible for providing a complete and accurate list 
of references. All references cited in the text must appear in the refer-
ence list, and every item in the reference list must be cited in the text. 
Also, citations must be in the correct sequence.

Manuscripts that do not follow these guidelines for references will 
be returned to the authors for adjustments.

The reference list should be inserted after the conclusions and 
before the tables and figures.
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Figures and tables
Images must be submitted at a minimum size that is reproduc-

ible in the printed edition. Figures should be sent at a resolution of 
300 DPI and minimum size of 2,500 pixels (width) and be recorded 
in “.jpg” or “.tif ” format. Images submitted in inadequate formats will 
not be accepted.

Images must not be embedded inside Microsoft PowerPoint or 
Microsoft Word documents, because this reduces the image size. 
Authors must send the images separately, outside of .doc or .ppt doc-
uments. Failure to send the original images at appropriate sizes leads 
to paper rejection before peer review.

Flowcharts are an exception: these must be drawn in an editable 
document (such as Microsoft Word or PowerPoint), and should not 
be sent as an image that can’t be changed.

Figures such as bars of line graphs should be accompanied by 
the tables of data from which they have been generated (for example, 
sending them in the Microsoft Excel spreadsheets, and not as image 
files). This allows the Journal to correct legends and titles if necessary, 
and to format the graphs according to the Journal’s style. Graphs gen-
erated from software such as SPSS or RevMan must be generated at the 
appropriate size, so that they can be printed (see above). Authors must 
provide internal legends/captions in correct English.

All the figures and tables should be cited in the text. All figures and 
tables must contain legends or titles that precisely describe their content 
and the context or sample from which the information was obtained 
(i.e. what the results presented are and what the kind of sample or set-
ting was). The reader should be able to understand the content of the 
figures and tables simply by reading the titles (without the need to con-
sult the text), i.e. titles should be complete. Acronyms or abbreviations 
in figure and table titles are not acceptable. If it is necessary to use acro-
nyms or abbreviations inside a table or figure (for better formatting), 
they must be spelled out in a legend below the table or figure.

For figures relating to microscopic findings (i.e. histopathological 
results), a scale must be embedded in the image to indicate the mag-
nification used (just like in a map scale). The staining agents (in his-
tology or immunohistochemistry evaluations) should be specified in 
the figure legend.
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