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Repercussions of the COVID-19 pandemic
for science and for the management of the
Jornal Brasileiro de Pneumologia

Bruno Guedes Baldi'>*®, Marcia Margaret Menezes Pizzichini*>

Since the WHO declared infection with the novel
coronavirus (COVID-19) to be a pandemic, on March
11, 2022, there have been unprecedented relevant
developments in various areas, including health, politics,
economics, and science.® Although the number of cases
of COVID-19 and COVID-19-related deaths has decreased
significantly over the last year, the short- and long-term
impacts of the pandemic have been impressive. Worldwide,
there have been more than 626 million cases of COVID-19,
resulting in more than 6.56 million deaths; in Brazil alone,
more than 34.8 million cases have been reported and
there have been more than 687,000 COVID-19-related
deaths.®® Pulmonary involvement was and continues to
be the leading cause of hospitalization and death among
patients with COVID-19.()

Over a short period of time, there were dramatic
advances in the science related to COVID-19, those
advances representing a determining factor for the control
of the pandemic, with progressive reductions in the number
of cases, the severity of those cases, and the humber of
deaths.“® Due to the urgency of the situation and the
significant increase in the number of submissions, there
was a need to respond rapidly to all of the challenges,
which presented themselves in an accelerated manner+®
On November 1, 2022, PubMed searches for "COVID”
and for "COVID” AND "“Brazil” identified 304,207 and
9,497 manuscripts, respectively.”®) Various strategies
were essential to meet the demand in the management
of journals during COVID-19, including those related to
the field of respiratory medicine, with the objective of
streamlining the process for each manuscript, from its
submission through the steps of editorial review, peer
review, editing, revision, publication, and dissemination.>*)
In this context, it is important to highlight the arduous
and remarkable work of the editorial teams and reviewers
of journals in the area of respiratory medicine during the
pandemic. Other relevant advances resulting from the
COVID-19 pandemic include the expansion of national
and international research partnerships, the development
and structuring of research centers, and open access to
published articles on the topic, a fundamental aspect of
providing universal access to information.

For journals focusing on pulmonary and respiratory
medicine, the significant impact on the number of
submissions was accompanied by a significant increase
in the number of citations of COVID-19-related articles,
which certainly explains, in part, the fact that the impact
factors (IFs) of many such journals increased in 2022,

as evidenced in the Journal Citation Reports database
maintained by Clarivate Analytics.!© The question is
whether the effects of COVID-19 on the IFs of journals
will persist for a prolonged period of time. It is important
to remain attentive to the quality and relevance of
submissions, including those related to long COVID, as
well as to the number of citations.

There are some unfavorable aspects of the scientific
production related to COVID-19. There has been an
excessive number of published articles on COVID-19 in
all fields, including that of respiratory medicine. Many
articles have not presented consistent novel findings,
rather reproducing those of previous studies; others
have been of poor scientific quality, whereas others were
case reports or case series.*®) In addition, the rush to
publish articles on the topic might have created a risk of
reducing the scientific rigor in their evaluation, resulting
in lower scientific quality of some articles.>® There was
also a need to publish errata and retractions of some
manuscripts because of methodological problems related
to databases and results.®*1*? Therefore, it is essential to
stand firm against the pressure to publish without adopting
rigid criteria in all steps of the editorial process, even in
situations of epidemiological urgency. In addition to the
obvious scientific repercussions, it should be emphasized
that the publication of articles related to the pandemic can
have an impact on the implementation of public policies
in various areas, especially in the area of health care.
Another noteworthy difficulty faced by many journals,
including the Jornal Brasileiro de Pneumologia (JBP), was
that of finding reviewers, mainly due to the large volume
of articles submitted. There has also been much discussion
regarding the overall difficulty of properly recognizing and
valuing the work of reviewers, in order to make the act
of reviewing articles more attractive. Another negative
aspect is the intense pressure that many researchers felt to
publish studies during the pandemic, mainly due to greater
competitiveness, which might have caused anguish and
resulted in burnout, generating an exacerbated feeling of
frustration among those who failed to publish.*®

The repercussions of COVID-19 for the JBP were also
quite significant. From the beginning of the pandemic until
November 1, 2022, 1,453 manuscripts were submitted
to the JBP, of which 365 (25.1%) were about COVID-19.
The overall rejection rate for articles submitted to the
JBP during that period was 73%, reaching 80% for those
with a COVID-19 theme. The turnaround time between
the submission of an article and the initial decision of the
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editor was reduced from 30 days to 23 days during
the COVID-19 pandemic. During the pandemic, 384
articles were published in the JBP, of which 75 (19.5%)
were on the topic of COVID-19. Among the COVID-
19-related articles published, the top three article
types were letters to the editor (29.3%), editorials
(25.3%), and original articles (20.0%). The three most
cited articles on COVID-19 in the JBP received 23, 18,
and 15 citations, respectively.(**'® The IF of the JBP
has shown progressive growth in recent years in the
Clarivate Analytics Journal Citation Reports database,
reaching 2.800 in 2022. Citations related to articles on
COVID-19 were the most frequent, accounting for 19.5%
of the total for the IF in question, compared with only
14.0% for those related to articles on tuberculosis.®

Although strategies for the management of the JBP,
including the modification of editorial processes, were
adopted during the COVID-19 pandemic, scientific rigor
in the evaluation of manuscripts was always maintained.
We sought to reduce the time for the evaluation of
manuscripts in order to speed their publication after
approval, and the continuous publication modality
adopted in recent years was fundamental for achieving
that goal. The dissemination of COVID-19-related articles
on various social networks and on the JBP website was
expanded, and a specific area for manuscripts on the
topic was created on the Journal website. The lead
authors of featured articles on COVID-19 recorded
podcasts and provided abstracts for the dissemination
of those articles. The authors of some original articles
were asked to resubmit them as letters to the editor,
and the number of editorials on COVID-19, especially

those related to “hot topics”, was expanded. The
articles on COVID-19 submitted to the JBP varied in
quality. Some were confirmatory studies that presented
results similar to those published in other manuscripts,
therefore being of little interest to the Journal. The
editorial board played a fundamental role in the initial
evaluation of articles on COVID-19 submitted to the
JBP, acting in a timely manner in view of the need for
a rapid response. The difficulty in finding reviewers
for some articles is also noteworthy, underscoring
the importance of the strategy adopted by the JBP of
expanding the pool of reviewers to include researchers
who are at the beginning of their careers but already
have some experience in the area. Practices adopted
by the JBP to compensate reviewers for their work
include extending invitations to write editorials and
including their names in acknowledgments, as well as
in the list of reviewers released annually and in the
credits published on the Publons platform.

Finally, we must thank all of the authors, reviewers,
editorial board members, and staff, as well as the board
of directors of the Sociedade Brasileira de Pneumologia
e Tisiologia, who were fundamental for the excellent
progress and evolution of the management of the JBP,
especially in view of all of the challenges posed by the
COVID-19 pandemic. We sought to maintain the JBP as
a journal that prioritizes clinical aspects, together with
aspects of the practice of pulmonologists and of health
care professionals working in related areas, including
COVID-19, as well as seeking to improve the quality of
articles, thus contributing to scientific advances in the
area and to greater internationalization of the Journal.
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Heterogeneity in rheumatoid
arthritis-associated interstitial lung disease:
time for splitting?

Leticia Kawano-Dourado"2*®, Karina Bonfiglioli*

Rheumatoid arthritis-associated interstitial lung
disease (RA-ILD) is the second leading cause of death in
patients with RA, with a 5-year mortality rate of 35%."
The prevalence of RA-ILD varies widely (from 1% to
30%) depending on the characteristics of RA patients
and on how RA is defined.(*? RA-ILD has a spectrum
of manifestations, ranging from inflammation (acute
diffuse alveolar damage, organizing pneumonia, or
nonspecific interstitial pneumonia) to fibrosis, manifested
most commonly as usual interstitial pneumonia (UIP).
Interestingly, accumulated evidence suggests that
RA-UIP distinguishes a subpopulation of RA patients in
whom risk factors, prognosis, and possibly treatment
response might be different from those in patients with
non-UIP RA-ILD.

RA-UIP is associated with the rs35705950 polymorphism
in the promoter of the MUC5B gene, the same (and
greatest) genetic risk factor for idiopathic pulmonary
fibrosis, whereas non-UIP RA-ILD is not.®®» The molecular
profile associated with RA-UIP is also different from
that associated with non-UIP RA-ILD, meaning different
protein expression most likely due to different pathogenic
pathways.® Similarly, articular disease activity has
been associated with the incidence of non-UIP RA-ILD;
however, it remains unknown whether articular disease
activity is associated with RA-UIP.®

Studies of RA-ILD differ from one another with regard
to the proportion of RA-UIP patients in comparison with
that of non-UIP RA-ILD patients. This might explain,
at least in part, the divergent findings across studies.

In this issue of the JBP, Rosseti-Severo et al. report on

the risk factors associated with RA-ILD in a single-center
study.® Of 134 RA patients undergoing chest HRCT and

pulmonary function testing, 36% had RA-ILD, which
was associated with being > 62 years of age and having
moderate to high articular disease activity.(® RA-ILD
was not stratified as being either RA-UIP or non-UIP
RA-ILD.® Interestingly, the findings of Rosseti-Severo
et al.® are consistent with those of previous studies.
7 For instance, in a study by Sparks et al., females
constituted more than 80% of the study population, and
nonspecific interstitial pneumonia accounted for more
than 80% of the RA-ILD subphenotype.® In the study
by Rosseti-Severo et al., females constituted 89% of the
study population.® Therefore, we can speculate that
most of the patients had non-UIP RA-ILD.

It is of note that the control group in the study by
Rosseti-Severo et al.(® consisted of RA patients without
ILD, meaning that the control group probably included
patients with RA-associated airway disease. This might
explain why risk factors such as cigarette smoking and
the presence of disease antibodies were not associated
with RA-ILD in their study.®

The accumulated evidence so far suggests that
RA-UIP is significantly different from non-UIP RA-ILD.
Therefore, risk factors for incident disease, as well as
disease progression and response to treatment, should be
investigated with that in mind. The systematic reporting
of the proportion of RA-UIP patients in studies of RA-ILD
is a great start. However, our minds should remain open
to the fact that this splitting (subphenotyping) might
not yet be telling the whole story of RA-ILD.

“You only find what you are looking for."
Mary Leakey
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or both?

The simultaneous rise in the epidemics of childhood
asthma and obesity leading to a combined phenotype*?
has driven research trying to answer which comes first:
obesity or asthma. Asthma is a chronic inflammatory
disease of the airways that is characterized by episodes
of wheezing, shortness of breath, and chest tightness,
whereas obesity, also an inflammatory disease, is
characterized by excess body fat. In part due to the
complexity of these conditions, accurately predicting
which comes first, or if the two conditions co-develop
remains challenging. Ideally, to help defining the egg
or the chicken, detailed assessments of obesity (e.g.,
measures that reflect growth, or fat composition and
distribution) and asthma phenotypes (including longitudinal
data from birth cohort studies) are posited to be useful.

Thus far, several studies have tried to solve the puzzle.5-)
However, much of this work has been observational and
cross-sectional in design. In addition, the definition of
obesity and asthma is not consistent between studies,
making it difficult to compare results and derive strong
conclusions. In the existing literature, BMI, skin fold
thickness, weight-for-age, and body fat percentage are
often used as obesity markers. Yet, these markers, despite
being similar on the surface, may represent different
underlying physiological and metabolic processes. For
example, weight-for-age may reflect a growth metric
(e.g., birth weight may be used as a marker of intrauterine
growth). Conversely, body fat percentage may be a
measure of obesity or could represent an inflammatory
trigger marker. Furthermore, it is recognized that
differences in regional adiposity (e.g., visceral adiposity
or skeletal mass) may have more relevance for asthma
when compared to total body adiposity measures.®
Similar issues exist for the definition of asthma. Although
it is clear that there are different asthma endotypes,
asthma is defined inconsistently throughout studies. The
majority of studies define asthma based on the presence
of wheezing in the last 12 months, and some require the
presence of atopy or the support of lung function tests,
or use a physician-diagnosis. The above heterogeneity
makes it difficult to generate a clear understanding of
the relationship between asthma and obesity.

To add to the complexity of the definitions, study
designs, populations, and data analyses are also factors
that often contribute to the inconsistent findings. While
we know that there are sex”) and ethnic'® differences
in asthma and obesity prevalence during different stages
of development (e.g., puberty), sex- and age-stratified
analyses are often neglected. Despite the heterogeneity

Obesity and asthma: the egg, the chicken,

Kozeta Miliku'2®, Theo J Moraes*®, Padmaja Subbarao?3+

in designs, populations, and analysis strategies, the data
do suggest an association between asthma and obesity,
two leading causes of chronic disease.

In this issue of the Brazilian Journal of Pulmonology,
Weisshahn et al.*") presented data from the longitudinal
1993 birth cohort in the city of Pelotas, Brazil. The authors
explored obesity (defined by BMI cut-offs) and asthma
(defined as wheezing in the last 12 months). They used
bidirectional analyses with exposures collected at ages
11, 15, and 18 years, and outcomes measured at the
age of 22 years. Overall, a bidirectional association
was seen between obesity and asthma, with greater
odds in the asthma-to-obesity direction, especially in
females. The authors accounted for several covariates
in their analyses (including parental history of asthma,
birth weight, gestational age at birth, smoking, physical
activity, use of corticosteroids, etc.) and speculate
potential mechanisms to explain their findings. The
authors also discussed similar analyses published before
from their cohort at a younger age and revealed that
obese adolescents have higher odds of wheezing. While
the results from Weisshahn et al.*") are very intriguing
and add to the existing body of literature, future work
will refine these observations.

Specifically, studies examining the obesity-asthma
association would benefit from: a) longitudinal data
collected from birth onwards; b) detailed phenotypes;
) an examination early in life for combined syndromes;
d) samples defining inflammatory profiles/signatures;
e) the use of artificial intelligence and machine learning
approaches to define trajectories that lead to both asthma/
wheezing and obesity. The future looks promising as
longitudinal birth cohort studies offer datasets that will
advance the understanding of early life trajectories and
the evolution of asthma and obesity. %1%

While there are speculated and unanswered mechanisms
about how obesity and asthma are linked, our CHILD
Cohort Study* data suggest that traits of wheezing may
be reflected by smaller lungs in part as a consequence
of extra weight on airways,*> which in addition might
be triggered by or a trigger for inflammation. This last
piece is supposition and needs a deeper look into acute or
accumulated inflammatory markers (e.g., CRP and GlycA).
It will be of interest to understand if acute inflammation
can trigger asthma and obesity simultaneously, or if
accumulation of inflammation triggers one of them first.
Employing a life course approach to identify critical risk
factors and pathways that alter an individual’s physiology
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to increase the risks of asthma and obesity will ultimately
translate into the development of early life interventions

to promote lifelong health. So, which comes first,
obesity or asthma? For now, we can say both.
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Rodrigo A Athanazio!

Since the beginning of the COVID-19 pandemic,
pulmonologists all around the world have had to deal with
several new challenges and uncertainties. As if the need
to understand a new disease and how to manage it was
not enough, another major challenge was to assess the
impact of COVID-19 on people with respiratory diseases.
Rapidly, the presence of respiratory comorbidities has
emerged as an independent risk factor for complications
related to SARS-CoV-2 infection.® However, has every
patient with a chronic respiratory disease been at an
increased risk of infection and unfavorable evolution
related to the new coronavirus?

The cystic fibrosis (CF) community raised great
concern about the impact of COVID-19 in CF patients
since other viral infections had already been associated
to worse outcomes and a considerable number of CF
patients have impaired lung function.(® With the social
distancing measures suggested to control the pandemic,
most CF patients adopted strict preventive measures
that included the use of masks and lockdown. These
measures, highly recommended and beneficial for
patients, made it difficult to assess the real impact of
SARS-CoV-2 infection on CF population.

In this issue of the Jornal Brasileiro de Pneumologia,
Camargo et al.®® described clinical characteristics and
outcomes of incident cases of COVID-19 in unvaccinated
adult CF individuals during the first year of pandemic. The
cumulative incidence rate in the CF cohort was similar to
that observed for the general population when adjusted
for age. Also, severity of disease seemed not to be
negatively influenced by the presence of CF. Almost the
entire sample recovered completely from the infection,
with few patients needing hospitalization, and only one
death occurred in a patient with advanced lung disease
(FEV, < 30% of the predicted value).

The first large description involving 181 CF patients
diagnosed with COVID-19 described similar findings.®
In that study, infection with SARS-CoV-2 exhibited a
similar spectrum of outcomes to that seen in the general
population. A more severe clinical course was associated
with older age, CF-related diabetes, and poorer lung
function in the year prior to infection, as well as in cases of
organ transplant recipients. Camargo et al.® highlighted
the absence of transplanted or immunosuppressed
patients, which may have reduced the possibility of
unfavorable events related to SARS-CoV-2 infection.
A more recent and larger publication with 1,452 cases
of CF patients infected with SARS-CoV-2 confirmed

Is cystic fibrosis a risk factor for COVID-19
infection or related complications?

that most CF patients have mild symptoms and good
recovery after the infection.® However, comorbidities
such as CF-related diabetes, impaired lung function,
and immunosuppression once again have proven to be
risk factors for severe complications.® Several reports
and case series have confirmed the association of lung
transplantation in patients with CF and severe forms
of COVID-19.(5® These data reinforce that transplant-
related immunosuppression would be a contributing
factor to a greater risk of complications than CF itself.
However, we are far from assuming that there are no
COVID-19-related risks for CF patients. It is important
to be aware of the constant and rapid changes related to
the pandemic. The initiation of vaccination undoubtedly
reduced the number of complications and severity
of conditions associated with SARS-CoV-2 infection.
Nevertheless, the emergence of new variants requires
constant monitoring of potential new complications.®

Even experiencing a harrowing scenario such as the
COVID-19 pandemic, it is necessary to seek for positive
learnings during the process. The need for social
distancing has allowed the development of numerous
tools and strategies for the follow-up of patients with
CF by using telemedicine and telemonitoring.*® In
addition, greater adherence to treatment, use of masks,
and social distancing were associated with a significant
reduction in the number of exacerbations.**) These
learnings must be incorporated into the new scenario
of CF management in order to maintain better quality
of life as well as preservation of lung function.

The COVID-19 pandemic is far from over. New variants
have triggered new waves of infection across the world.
Despite the positive results presented by most of the
CF population infected with SARS-CoV2 so far, we must
maintain preventive care and implement the acquired
lessons. It is important to emphasize the relevance of
vaccination, adherence to treatment, and use of masks,
especially in hospital environments. The use of masks,
in addition to protecting against viral infections, is an
important measure to avoid cross-contamination by
bacteria in the airways of these individuals. CF patients
appear not to be at an increased risk of infection or
developing complications related to COVID-19 when
compared with the general population. However, this
does not mean that there are no risks. As the pandemic
evolves, new discoveries are emerging, as are new
challenges. Given this, we must remember an important
motto: “prevention is always the best medicine.”
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CONTINUING EDUCATION: IMAGING

Edson Marchiori’

A 23-year-old woman with no respiratory symptoms
and a previous diagnosis of lupus nephritis underwent
chest CT examination, which showed reticular opacities
in the lower lung lobes, arranged in a branching network
pattern (Figure 1). On physical examination, she was
breathing normally. Cardiopulmonary auscultation was
unremarkable, as were laboratory test results. A diagnosis
of dendriform pulmonary ossification was made on the
basis of the chest CT findings.

Diffuse pulmonary ossification is a rare chronic condition
characterized by mature bone formation in the lung
parenchyma. Diffuse pulmonary ossification can be idiopathic
or associated with a variety of pulmonary, cardiac, and
systemic disorders. It is classified as nodular or dendriform,
with the former usually occurring in the context of chronic
congestion. Diffuse pulmonary ossification is an interstitial
process that occurs in a setting of fibrosing interstitial lung
disease. It can progress to osseous metaplasia, which
is seen in imaging studies as calcified nodular densities
in a branching pattern. This pattern has been observed
mainly in areas of reticulation rather than in areas of
honeycombing.

, Bruno Hochhegger?

Dense reticular pattern

, Glaucia Zanetti'

Dendriform pulmonary ossification is characterized by
interstitial branching spicules that contain occasional bone
marrow islets with osteoblastic and osteoclastic activity.
These spicules form a contiguous and branching pattern
resembling tree branches. In most instances, they are of
high attenuation, reflecting the underlying ossification.
Dendriform pulmonary ossification usually goes undetected
on chest X-rays, being typically diagnosed postmortem. A
chest CT scan with appropriate window settings can show
tiny calcified opacities in the lung periphery. The detection
of small high-attenuation foci is improved by thin-slice
acquisition and maximum intensity projection imaging.®-3)

A dendriform pulmonary ossification pattern can be
detected by imaging in patients who are asymptomatic
or who have mild symptoms. It has also been described
in association with recurrent aspiration, and as a cause of
pneumothorax.-*) Dendriform pulmonary ossification has
recently been related to cicatricial organizing pneumonia.®
This distinctive form of organizing pneumonia can manifest
as persistent linear opacities that mimic fibrosing interstitial
pneumonia. It can also appear as foci of ossification in
imaging and pathological studies, and has been reported
in patients with COVID-19 pneumonia.®

Figure 1. In A, unenhanced axial chest CT scan with lung window settings, showing reticular opacities in the lower lobes
of the lungs. In B, coronal reconstruction with bone window settings and maximum intensity projection, showing interstitial

calcifications arranged in a branching network pattern.
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CONTINUING EDUCATION:
SCIENTIFIC METHODOLOGY
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PRACTICAL SCENARIO

A secondary analysis® of a study designated “Integrating
Palliative and Critical Care,” a cluster randomized trial,
was conducted to explore differences in receipt of
elements of palliative care among patients who died in
the ICU with interstitial lung disease (ILD) or COPD in
comparison with those who died of cancer. The authors
used two methods of multiple regression analysis: linear
regression to estimate the impact of COPD and ILD, in
comparison with that of cancer, on the length of ICU
stay, and logistic regression to evaluate the effects of
COPD and ILD on the presence or absence of elements
of palliative care. All regression models were adjusted for
confounders (age, sex, minority status, education level,
among others) of the association between the patient
diagnosis and palliative care outcomes.

INTRODUCTION

Linear and logistic regressions are widely used statistical
methods to assess the association between variables in
medical research. These methods estimate if there is an
association between the independent variable (also called
predictor, exposure, or risk factor) and the dependent
variable (outcome).®

The association between two variables is evaluated
with simple regression analysis. However, in many
clinical scenarios, more than one independent variable
may be associated with the outcome, and there may be
the need to control for confounder variables. When more
than two independent variables are associated with the
outcome, multiple regression analysis is used. Multiple
regression analysis evaluates the independent effect of
each variable on the outcome, adjusting for the effect of
the other variables included in the same regression model.

WHEN TO USE LINEAR OR LOGISTIC
REGRESSION?

The determinant of the type of regression analysis to
be used is the nature of the outcome variable. Linear
regression is used for continuous outcome variables (e.g.,
days of hospitalization or FEV1), and logistic regression
is used for categorical outcome variables, such as death.
Independent variables can be continuous, categorical,
or a mix of both.

In our example, the authors wanted to know if there
was a relationship between cancer, COPD, and ILD
(baseline disease; the independent variables) with two

Linear and logistic regression models: when
to use and how to interpret them?

Horacio Matias Castro"?

, Juliana Carvalho Ferreira'?

different outcomes. One outcome was continuous (length
of ICU stay) and the other one was categorical (presence
or absence of elements of palliative care). Therefore,
two models were built: a linear model to examine the
association between baseline disease (chronic pulmonary
disease or cancer) and length of ICU stay, and a logistic
regression analysis to examine the association between
the baseline disease and being in receipt of elements of
palliative care.

HOW TO INTERPRET RESULTS OF
REGRESSION ANALYSIS?

Regression models are performed within statistical
packages, and the output results include several
parameters, which can be complex to interpret. Clinicians
who are learning the basics of regression models should
focus on the key parameters presented in Chart 1.

In our example, the baseline disease—COPD, ILD, or
cancer (the reference category)—is the independent
variable, and length of ICU stay and receipt of palliative
care elements are the outcomes of interest. In addition,
the regression models also included other independent
variables considered as potential confounders, such as
age, sex, and minority status. In the linear regression
model, the length of ICU stay for patients with ILD was
longer than for those with cancer (B = 2.75; 95% CI,
0.52-4.98; p = 0.016), which means that, on average,
having ILD increased the length of ICU stay in 2.75 days
when compared with the length of ICU stay among cancer
patients. In the logistic regression model, the authors
found that patients with ILD, when compared with cancer
patients, were less likely to have any documentation
of their pain assessment in the last 24 h of life (OR =
0.43; 95% CI, 0.19-0.97; p = 0.042), which means that
having ILD decreased the odds of documentation of pain
assessment by more than half.

KEY POINTS

e Linear and logistic regressions are important
statistical methods for testing relationships between
variables and quantifying the direction and strenght
of the association.

e Linear regression is used with continuous outcomes,
and logistic regression is used with categorical
outcomes.

e These procedures require expertise in regression
model building and typically require the assistance
of a biostatistician.
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Chart 1. Most important parameters in regression analyses and their interpretations.

Parameter Linear regression Logistic regression
Direction and strength of ~ Beta coefficient: OR:
the association between Describes the (expected) average change in The OR for a continuous independent
the independent variable  the outcome variable for each one-unit change  variable is interpreted as the change
and the dependent in the independent variable for continuous in the odds of the outcome occurring
variable (outcome) variables, or the average change in the outcome for every one-unit increase in the
variable for one category of the independent independent variable
variable compared with a reference category for
categorical variables The OR for categorical independent

variables is interpreted as the
increase or decrease in odds between
two categories (e.g., men vs women)

OR = 1: no association; OR > 1:
positive association or risk factor;
and OR < 1: negative association or
protective factor

Example (for a continuous  The expected increase in FEV, for each The expected increase in the odds of
independent variable) centimeter increase in height death for each increase of one year of
age among patients with sepsis

Example (for a categorical The expected increase in FEV, for men compared The expected increase in the odds of

independent variable) with women with the same height and age death for men compared with women
among COVID-19 patients

Precision of the estimate  The 95% Cl of the beta coefficient The 95%Cl of the OR

Statistical significance The p value (significant when < 0.05) The p value (significant when < 0.05)
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RESPIRATORY PHYSIOLOGY
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BACKGROUND

The human airways consist of approximately 23
generations of dichotomously branching tubes from the
trachea to the alveoli. From generation 8 downstream,
the small airways (< 2 mm in diameter) lack cartilaginous
support, being more easily compressible/collapsible.
Given the exponential increase in airway numbers, there
is a rapid increase in total cross-sectional area; thus,
airflow velocity decreases, and small airways resistance
comprises only 10-20% of total airways resistance. It
follows that extensive functional abnormalities in the
so-called “silent zone” might not be detected by routine
pulmonary function tests.®

OVERVIEW

A 68-year-old nonsmoker male (BMI = 41.2 kg/m?)
was referred for respiratory assessment due to insidious
exertional dyspnea and dry cough. He had undergone
hematopoietic stem cell transplantation approximately
one year prior in the setting of acute myeloblastic
leukemia. There was no clinical or laboratory evidence
of graft-versus-host disease. Spirometry revealed no
obstruction, and FEF, .., was reduced in proportion to
a low FVC. Plethysmography showed a trend toward low
“static” lung volumes and high specific airway resistance.
Taken together, these results were considered equivocal
in a severely obese subject'® with a history of right
upper lobectomy for congenital disease. Given concerns
of incipient bronchiolitis obliterans, he was referred for
more sensitive tests of small airway disease (SAD), the
results of which were as follows: increased phase III
slope and closing capacity (single-breath N, washout),
increased ventilation heterogeneity in acinar airways
relative to conducting airways (multiple-breath N,
washout), and increased difference between resistance
at 5 Hz and 20 Hz (impulse oscillometry). As it can be

Small airway disease: when the “silent
zone” speaks up

José Alberto Neder'®, Danilo C Berton2®, Denis E O’Donnell’

seen in Chart 1, these results were indeed consistent
with SAD. Despite mild gas trapping without mosaic
attenuation on chest CT, the consistency of the functional
findings prompted immunosuppressive therapy. At the
three-month follow-up visit, there was resolution of
symptoms and uniform improvement in all functional
markers of SAD.

Diagnosing SAD might be clinically relevant in the
initial stages of several obstructive lung diseases,
including asthma,® cystic fibrosis, and COPD. Tests of
SAD may also reveal unsuspected airway abnormalities
in sarcoidosis and some interstitial lung diseases, such as
hypersensitivity pneumonitis and nonspecific interstitial
pneumonia. Detecting SAD may change management in
connective tissue diseases (e.g., rheumatoid arthritis,
mixed disease), inflammatory bowel diseases, bone
marrow and lung transplantation, common variable
immunodeficiency disorders, diffuse panbronchiolitis, and
diseases related to environmental exposures to pollutants,
allergens, and drugs.® As herein described, insidious SAD
might be a late complication of hematopoietic stem cell
transplantation, even in the absence of graft-versus-host
disease. Prompt aggressive treatment is paramount to
improving survival.®®

CLINICAL MESSAGE

Although physiological tests interrogating the “silent
zone” are not widely available, they can provide
valuable information in cases when the diagnosis and
quantification of SAD might impact on clinical decision
making. The lack of reliable reference values and cut-
offs for abnormality remains an extant issue: in many
circumstances, longitudinal worsening—or improvement
in response to treatment—is more useful. If feasible,
combining techniques (Chart 1) further improves
diagnostic accuracy.

1. Pulmonary Function Laboratory and Respiratory Investigation Unit, Division of Respirology, Kingston Health Science Center & Queen's University, Kingston

(ON) Canada.

2. Unidade de Fisiologia Pulmonar, Hospital de Clinicas de Porto Alegre, Universidade Federal do Rio Grande do Sul, Porto Alegre (RS) Brasil.
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Technique fundamentals

Spirometry

Abnormally slow airflow relative
to forced expired volume signals
airway obstruction. Air from
larger proximal airways is
expired earlier and at a greater
speed, whereas air from smaller
distal airways is expired later
and at a slower speed.

Plethysmography

 changes in box pressure
relative to variations in
mouth (“alveolar”) pressure
at end-tidal expiration signal
¢ lung volume (FRC): RV is
given by FRC - ERV. € changes
in the pressure required to
generate flow indicate {t airway
resistance at a given lung volume
(sR,,)-

Single-breath N, washout
After inhalation of 100% O,,
exhaled N, is measured from
TLC to RV. In phase I, N, is not
detected (Vo, .). Subsequently,
exhaled N, rises swiftly (phase
Il) followed by a slowly rising
alveolar “plateau” (phase IIl).
In phase IV, exhaled N, increases
when better-ventilated units
close and less-ventilated regions
(less exposed to O,; thus, richer
in N,) empty.

Multiple-breath N, washout

After inhalation of 100% O,,
sequential single breaths are
followed as N, is progressively
washed out. Whereas the phase
Il slopes of the initial breaths
are strongly influenced by S, ,
the progressive increase in
slopes thereafter is thought to
be influenced by S

cond*

Rationale for key variables
« 0 FEF

As lung \;g(lj%e falls, diseased small airways
collapse at an earlier time and closer to
the alveolus. This reduces the maximum
expiratory flow that can be achieved during
mid- to late expiration.

« { FEV,/FVC and/or t 1 - (FEV,/FVC)

By considering flows over a longer period,
FEV, includes a larger fraction of small
airways, estimating the growing proportion
of units with longer time constants.

3 FEV,/FEV,and/or 8 FEV,/FEV,

Using FEV, may reduce the impact of a
variable FVC in these ratios.

o 1t Slow VC (SVC)-FVC difference

In the presence of SAD, more air is exhaled
when there is less airway compression during
the slow maneuver. This might lead to low
FEV,/SVC despite preserved FEV,/FVC.

« © RV and/or ©+ RV/TLC

RV and RV/TLC are elevated in the presence
of premature airway closure and air trapping.
RV/TLC may be a more useful marker of
gas trapping as TLC might be increased in
obstructive lung disease.

o @ sR_ and/or 3 1/sR_, (sG, )

sR_, and sG_ might be abnormal in the
presence of widespread SAD. FEV, is sensitive
to changes occurring upstream from the
choke point, whereas sR_ is sensitive to
changes in resistance anywhere along the
airway. sR_ may change without significant
change in FEV,.

« { phase lll slope

A flat phase Il slope indicates that all units
received the same amount of O,, emptying
simultaneously. A steep phase Il slope
indicates the sequential emptying of units
with different N, concentrations due to
patchy disease.

o {+ volume above RV at which phase IV
starts (closing capacity)

The higher the closing capacity as a fraction
of VC, the earlier the closure of the gravity-
dependent small airways. Thus, the higher
the closing capacity, the greater the trend
toward gas trapping.

« {t lung clearance index

The higher the lung turnovers (FRC
equivalents) required to wash out the
tracer gas (N,) to 1/40" of the original
concentration, the lower the gas mixing
efficiency across the whole lung, i.e., poor
global ventilation homogeneity.

° Sacin and Scond

@ S, indicates ventilation inhomogeneity
distal to the terminal bronchioles, i.e., in the
small airways. As such, it is frequently seen
in smokers with preserved FEV,. Conversely,
S.ona 18 more closely related to sG,, and
forced expiratory flows, i.e., larger airways
function.

Neder JA, Berton DC, O'Donnell DE *P

Chart 1. Selected techniques aimed at diagnosing and quantifying the severity of small airway disease.

Caveats and limitations
Bronchodilating effects of deep
inspiration might increase FEVs, masking
(mild) bronchoconstriction. FEF,, .., in
particular, is highly dependent on FVC:
changes in FVC will markedly affect
the portion of the flow-volume curve
examined. None of these variables is
specific to SAD; moreover, they are a)
relatively insensitive to early disease, b)
redundant to FEV,/FVC in more advanced
disease, and c) effort-dependent. There
is a lack of reference values for FEV,/
SVC: this ratio declines with aging faster
than does FEV,/FVC, potentially over-
diagnosing obstruction in the elderly.

RV is not directly measured: errors in
IC and/or SVC may lead to spuriously
high RV. High RV/TLC in the presence of
preserved TLC may be seen in patients
with expiratory muscle weakness. sR_,
and sG,, are very sensitive to central
airway pathology but less sensitive to
peripheral changes (unless there is
widespread SAD). Both have wide limits
of normal.

The pleural pressure gradient may
contribute to regional differences in
N, concentration: regional differences
in air-space compliance may create
differences in the time required to
fill and empty different lung regions.
Changes in any of the generations of the
conducting airways may affect the phase
Il slope. Closing capacity increases with
increasing intraabdominal pressure, age,
decreased pulmonary blood flow, and
pulmonary parenchymal lung disease
associated with poor compliance.

There are conflicting data on whether
S.ong does provide a better metric of
SAD compared with S_. across different
obstructive airway diseases; there are
technical controversies over the best
approach to measure the phase Il slope
across multiple breaths; and a variable
effect of different tidal volumes. There
is critical dependence on accurate time
matching between the flow sensor and
the gas analyzer.

Continue...»
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Technique fundamentals

Impulse oscillometry

Airflow oscillations are artificially
generated by a loudspeaker at
frequencies from 2 Hz to 30 Hz
and superimposed on the natural
flows at tidal volume. Resistance
represents impedance to airflow
changes. At high frequencies, the
oscillations might be “blocked”
at the level of narrowed larger
airways. At lower frequencies,
the oscillations can pass over
the larger airways, reflecting
the whole lung resistance.
Reactance represents impedance
to volume changes.

Rationale for key variables
* TR, -R,
Since R; reflects the resistance of the entire
trachea-bronchial tree where R, is primarily
influenced by the large airways caliber, their
difference is biased to reflect the functional
properties of the small airways.
U X
Since the lungs’ ability to store capacitive
energy is primarily manifest in the small
airways, low reactance at low frequencies
signals SAD.
o AX
AXis the integrated low frequency respiratory
reactance magnitude between 5 Hz and the
resonant frequency, i.e., when inflation
pressure and elastic recoil cancel each other
in the transition from passive distension to
active stretching. AX is related to respiratory
compliance and therefore to small airway
patency. AX closely correlates with R, _R, .

Caveats and limitations

Results vary by manufacturer. Impulse
oscillometry measurements are
influenced by extrathoracic upper
airway artifacts (swallowing, glottis
closure). Elastance or capacitance refers
to energy return properties of the lung,
like electric circuits, not stiffness during
inflation (more intuitive for clinicians).
Therefore, the reactance at lower
frequencies would change in the same
direction in fibrosis, emphysema, or
SAD, i.e., it would become even more
negative. Hence, the direction of change
in reactance does not differentiate
between obstructive and restrictive
diseases.

§: decreased; FEV,: forced expiratory volume in three seconds; @: increased; FEV,: forced expiratory volume
in six seconds; SAD: small airway disease; FRC: functional residual capacity; ERV: expiratory reserve volume;
sR,,: specific airway resistance; sG,,: specific airway conductance; IC: inspiratory capacity; Vo, .. anatomic dead
space; S, .: ventilation heterogeneity in acinar airways; S_,: ventilation heterogeneity in conducting airways; R.:

cond*®

resistance at 5 Hz; R, : resistance at 20 Hz; X;: reactance at 5Hz; and AX: reactance area.
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The bidirectional association between
wheezing and obesity during adolescence
and the beginning of adulthood in the 1993
birth cohort, Pelotas, Brazil
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-

ABSTRACT

Objective: To analyze the bidirectional association between wheezing and obesity during
adolescence and the beginning of adulthood in a cohort in southern Brazil. Methods:
This prospective longitudinal study used data from the 1993 birth cohort in Pelotas,
Brazil. The following outcome variables were measured at 22 years of age: self-reported
wheezing during the last 12 months and obesity (BMI > 30 kg/m?). The following
exposure variables were measured at ages 11, 15, and 18: self-reported wheezing (no
wheezing or symptom presentation in 1, 2, or 3 follow-ups) and obesity (non-obese or
obese in 1, 2, or 3 follow-ups). Crude and adjusted logistical regression stratified by sex
were used in the analyses. The reference category was defined as participants who
presented no wheezing or obesity. Results: A total of 3,461 participants had data on
wheezing and 3,383 on BMI. At 22 years of age, the prevalence of wheezing was 10.1%
(95%Cl: 9.1; 11.2), and obesity, 16.2% (95%Cl: 15.0; 17.6). In females, the presence
of wheezing in two follow-ups revealed a 2.22-fold (95%Cl: 1.36; 3.61) greater chance
of developing obesity at 22 years of age. Meanwhile, the presence of obesity in two
follow-ups resulted in a 2.03-fold (95%IC: 1.05; 3.92) greater chance of wheezing at
22 years of age. No associations were found between wheezing and obesity in males.
Conclusions: The obtained data suggest a possible positive bidirectional association
between wheezing and obesity, with greater odds ratios in the wheezing to obesity
direction in females and in the category of occurrence of exposure in two follow-ups.
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INTRODUCTION

In recent years, the literature has shown a positive
association between wheezing and obesity.(**®
Furthermore, the Global Initiative for Asthma (GINA)
annually reiterates the importance of research in this
field, given that asthmatic obese patients display worse
disease control and a greater burden and frequency of
symptoms, interfering with their quality of life.(*)

probably precedes the onset of asthma. Granell et al.®*
proposed that for each increment of 1 kg/m? in the
Body Mass Index (BMI), the risk of developing asthma
during infancy increases by 55%. In contrast, Zhang
et al.®*? found that children diagnosed with asthma in
any follow-up study had an approximately 40% greater
chance of becoming obese in the subsequent follow-up.
Therefore, the association directionality between these

diseases remains uncertain.(©”)
A systematic review proposed the possibility of obesity

being a risk factor or effect modifier for wheezing status.*
However, the literature is inconsistent in assuming a
direction for the association or the possibility of common
causes between asthma and obesity.®”) In order to
clarify the relationship between these diseases and
propose strategies for management and prevention,
it is necessary to understand the contribution of each
disease in the association in different populations with
distinct socioeconomic and environmental aspects.®*

Thus, the aim of the present study was to explore
the bidirectional association between wheezing and
obesity in a cohort in southern Brazil, investigating
the associations between a) the presence of wheezing
during adolescence (11, 15, and 18 years of age) and
the presence of obesity at age 22, and b) the presence
of obesity during adolescence (11, 15, and 18 years of
age) and the presence of wheezing at age 22.

The bidirectional analysis of the association between METHODS

wheezing and obesity in longitudinal studies may be
considered a recent approach in the literature. Some
bidirectional longitudinal studies®-*V) indicated that obesity

This was a longitudinal, prospective, and population-
based study of the 1993 birth cohort in Pelotas, Brazil.
In 1993, all live births whose families resided in the
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urban area of Pelotas were eligible for the study
and, subsequently, followed up at different ages for
22 years. The analyses included: a) participants who
answered questions about wheezing in the follow-ups
conducted at 11, 15, and 18 years of age and with
anthropometric measurements at age 22, and b)
participants with anthropometric measurements at
11, 15, and 18 years of age and with information on
wheezing collected in the follow-up at age 22. More
details concerning the cohort’s methodology may be
found in previous publications.*3-19

In order to investigate the bidirectional association,
the variables of interest herein were wheezing (chest
wheezing) and BMI. The wheezing variable was defined
according to the “International Study of Asthma and
Allergies in Childhood (ISAAC) Steering Committee”®)
and measured using a questionnaire validated for the
Brazilian population.” Treated as a binary variable,
participants were considered to present wheezing after
an affirmative response to the question related to the
12 months leading up to the follow-up visit: "Since
<month> of last year, have you experienced any chest
wheezing?”. The variable BMI (weight/height?) was
dichotomized using the cutoff points that characterize
the presence of obesity. Participants who presented
with a BMI > + 2 z-scores at ages 11 and 15 and
BMI > 30.0 kg/m? at ages 18 and 22 were considered
obese.(® In the follow-ups at 11 and 15 years of age,
the participants’ weight was measured twice using a
digital scale (Tanita, accuracy of 100 grams), while at
ages 18 and 22, weight was obtained using the BOD
POD® body composition tracking system (BOD POD®
Composition System; COSMED, Albano Laziale, Italy).
Height was measured with a stadiometer.

For the bidirectional analysis, the following
combinations were used: a) presence of wheezing
at ages 11, 15, and 18 as exposure and “obesity at
22 years of age” as the outcome, and b) obesity at
ages 11, 15, and 18 as exposure and “wheezing at
the 22-year follow-up” as the outcome. Exposure
variables were generated for the presence of wheezing
and obesity and were categorized as follows: absence
of exposure in all three follow-ups, 1 follow-up
(presence of exposure in one of the three follow-ups);
2 follow-ups (presence of exposure in two of the three
follow-ups); always presenting exposure (presence
of exposure in all three follow-up visits).

The covariates collected in the perinatal follow-ups
were: sex (male/female), skin color (white/black/
other), birthweight (grams), gestational age at birth
(weeks), maternal schooling during pregnancy (years),
maternal smoking during pregnancy (yes/no), family
history (father and/or mother) of asthma (yes/no),
and family income (minimum wages). At the 11-year
follow-up, the covariates of interest were: family income
(in Reais) and parental smoking (never/ex-smoker/
smoker). In order to characterize the sample at the
22-year follow-up, the following covariates were
evaluated: schooling (years), asset index (quintiles),
smoking (never smoked/ex-smoker/smoker), total

J Bras Pneumol. 2022;48(6):e20220222

physical activity (leisure and commuting) = 150 min/
week (yes/no), and the use of corticosteroids in the
last three months (yes/no).

The categorical variables were described as relative
frequencies and the respective 95% confidence
intervals (95%CI). According to the perinatal follow-up
variables, Pearson’s chi-square test was used to
compare the original cohort sample and the samples
included in the analyses. The prevalence of obesity and
wheezing at 22 years of age was described according
to the demographic, socioeconomic, behavioral, and
health variables, and either Pearson’s chi-square
test or a Chi-square test for linear trends was used
according to the independent variables.

In order to test the crude and adjusted association
between the outcomes wheezing and obesity at 22
years of age according to exposure (obesity and
wheezing from ages 11 to 18, respectively), logistical
regressions stratified by sex were used, regardless of
the significance of the test of interaction. Confounders
were determined a priori and included simultaneously
in the analytical models. The confounding variables
were defined as: skin color, birthweight, gestational
age, maternal schooling during pregnancy, maternal
smoking during pregnancy, family history of asthma,
and family income and parental smoking at the 11-year
follow-up. The p-value of the association analyses
was given by the Wald Test. A 5% significance level
was adopted, and the analyses were performed using
the Stata 16.0 software (Stata Corp. LP, College
Station, TX, USA).

The 1993 cohort follow-ups were approved by the
Ethics Committee of the Federal University of Pelotas,
with the most recent protocol being No. 1.250.366,
at 22 years of age. All participants or guardians were
informed regarding the objectives of the study and
signed a term of free and informed consent prior to
the beginning of data collection, in accordance with
the Declaration of Helsinki.

RESULTS

The 1993 cohort consisted of 5,249 live births, with
follow-up rates of 87.5%, 85.7%, 81.4%, and 76.3%
atages 11, 15, 18, and 22, respectively. The present
study’s sample included 3,461 participants with
complete wheezing information from 11 to 18 years
of age, and 3,383 participants with BMI data from 11
to 18 years of age. No differences were observed in
the distribution of perinatal characteristics between
the original cohort sample and the samples included
in the analyses (Table 1).

The prevalence of obesity and wheezing over the
last 12 months at the 22-year follow-up according to
demographic, socioeconomic, behavioral, and health
variables is shown in Table 2. The prevalence of
obesity was 16.2% (95%CI: 15.0; 17.6). The highest
prevalence of obesity with statistical significance was
observed in female participants as opposed to males
(18.5% versus 13.7%), black skin color (19.1% versus
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15.1% with white skin color), family history of asthma
(18.6% versus 15.1% without a family history),
and participants whose parents were ex-smokers at
the 11-year follow-up (17.9% compared to 13.5%
in those whose parents were non-smokers). The
prevalence of obesity was 17.9% in the poorest asset
index quintile at 22 years of age, whereas, in the
wealthiest quintile, it was 10.8%. Also, participants
with 12 or more years of schooling showed a lower
prevalence of obesity (12.1%) when compared to
the other categories.

The prevalence of wheezing in the last 12 months was
10.1% (95%CI: 9.1; 11.2). The highest prevalence of
wheezing, with statistical significance, was observed
in participants whose mothers had the least schooling
(11.9% versus 8.9% of mothers with more years of
schooling), smoked during pregnancy (12.1% versus
9.2% in non-smokers), and in participants with a
parental history of asthma (14.7% versus 7.8%
without parental history of asthma). Regarding the

variables pertaining to the participants themselves, a
larger prevalence of wheezing at the 22-year follow-up
was found in those with fewer years of schooling
(18.3% versus 8% with more years of schooling), in
the poorest quintile compared to the richest (12.9%
versus 7.7%), among smokers (20.1% versus 7.7%
in non-smokers), among the obese (14% versus 9.5%
in the non-obese), and among those who reported
using corticosteroids in the last three months compared
to those who did not use such medications (19.3%
versus 8.5%) (Table 2).

During the period from 11 to 18 years of age, three
follow-ups were carried out in the 1993 birth cohort.
While the overall prevalence of wheezing in at least
one of the follow-up visits was 23.2% (95%CI: 21.8;
24.6), 2.4% (95%CI: 1.9; 2.9) always reported the
presence of the symptom. As for obesity, the overall
prevalence in at least one follow-up was 11.4%
(95%CI: 10.3; 12.5), and 3.7% (95%CI: 3.2; 4.4)
were obese in all follow-ups. In the stratification by sex,

Table 1. Baseline characteristics of the original cohort and the samples included in the analyses. The 1993 Birth Cohort,

Pelotas, Brazil.

Original Cohort

(n=5,249)
% (95% CI)

Wheezing from age 11 to

Included in the analyses®
Obesity from age 11 to

18 (n=3,461) 18 (n=3,383)

Sex
Male 49.6 (48.2;51.0)
Female 50.4 (49.0;51.7)
Birthweight (grams)
< 2,500 10.3 (9.5;11.1)
2,500 - 2,999 26.4 (25.2;27.6)
3,000 - 3,499 38.8 (37.5;40.1)
> 3,500 24.5 (23.4;25.7)
Gestational age (weeks)
<36 11.5 (10.6;12.4)
37-38 20.0 (18.9;21.2)
> 39 68.5 (67.1;69.8)

Maternal schooling during
pregnancy (years)

0-4
5-8
29
Maternal smoking during pregnancy
No
Yes
Family income (minimum wages)
<1
1.1-3
3.1-6
6.1-10
> 10

28.0 (26.8;29.2)
46.2 (44.9;47.6)
25.8 (24.6;26.9)

66.6 (65.3;67.9)
33.4 (32.1;34.7)

18.8 (17.8;19.9)

41.8 (40.5;43.2)

23.5 (22.3;24.6)
8.4 (7.7;9.2)
7.5 (6.8;8.2)

% (95% CI) p-value* % (95% Cl) p-value*
0.098 0.249
47.8 (46.1;49.5) 48.3 (46.6;50.0)
52.2 (50.5;53.9) 51.7 (50.0;53.3)
0.521 0.277
9.5 (8.5;10.5) 9.5 (8.6;10.6)
26.0 (24.6;27.5) 25.6 (24.1;27.1)
39.0 (37.4;40.6) 38.8 (37.1;40.4)
25.5 (24.0;26.9) 26.1 (24.7;27.7)
0.222 0.178
10.2 (9.2;11.3) 10.1 (9.1;11.3)
20.1 (18.7;21.5) 20.1 (18.6;21.5)
69.7 (68.0;71.3) 69.8 (68.1;71.4)
0.262 0.121
26.6 (25.2;28.1) 26.1 (24.6;27.6)
47.9 (46.2;49.6) 48.0 (46.3;49.7)
25.4 (24.0;26.9) 25.9 (24.4;27.4)
0.590 0.406
67.2 (65.6;68.7) 67.5 (65.9;69.0)
32.8 (31.3;34.4) 32.5 (31.0;34.1)
0.407 0.064

18.1 (16.8;19.4)

41.5 (39.8;43.1)

25.2 (23.8;26.7)
8.0 (7.2;9.0)
7.2 (6.4;8.1)

16.9 (15.7;18.2)

42.1 (40.4;43.8)

25.7 (24.2;27.2)
8.3 (7.4;9.4)
7.0 (6.2;7.9)

aSample wheezing from 11 to 18 years of age: participants with information on wheezing in the last 12 months in
the follow-ups at ages 11, 15, and 18 and information on obesity (BMI > 30 kg/m2) at 22 years of age; Sample
obesity from 11 to 18 years of age: participants with information on obesity (BMI = 30 kg/m2 or > +2 z-scores)
at ages 11, 15, and 18 and information on wheezing in the last 12 months at the 22-year follow-up.*Pearson’s
chi-square test; significance level of 5% - comparison between original cohort and the samples included in the

analyses.
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Table 2. Prevalence of obesity (BMI = 30 kg/m?2) and wheezing in the last 12 months at the 22-year follow-up according
to demographic, socioeconomic, behavioral, and health variables in the 1993 Birth Cohort, Pelotas, Brazil.

Obesity at 22 years of age® Wheezing at 22 years of age®

(n=3,461) (n=3,383)
% (95% CI) p-value* % (95% CI) p-value*
Sex <0.001 0.154
Male 13.7 (12.1;15.5) 10.9 (9.5;12.6)
Female 18.5 (16.8;20.5) 9.4 (8.1;10.9)
Skin color 0.029 0.111
White 15.0 (13.5;16.6) 9.5 (8.3;10.9)
Black 19.1 (15.9;22.8) 12.7 (10.0;15.9)
Other 18.2 (15.5;21.2) 10.1 (8.1;12.5)
Maternal schooling during pregnancy (years) 0.007 0.035
0-4 17.4 (15.1;20.2) 11.9 (10.0;14.3)
5-8 17.5 (15.7;19.5) 9.8 (8.4;11.4)
>9 12.6 (10.5;15.0) 8.9 (7.1;11.1)
Maternal smoking during pregnancy 0.100 0.011
No 15.5 (14.1;17.1) 9.2 (8.1;10.5)
Yes 17.8 (15.6;20.2) 12.1 (10.2;14.2)
Family history of asthma 0.011 <0.001
No 15.1 (13.6;16.7) 7.8 (6.8;9.1)
Yes 18.6 (16.4;21.0) 14.7 (12.8;17.0)
Parental smoking at the 11-year follow-up 0.024 0.126
Never 13.5 (11.4;15.9) 9.1 (7.4;11.2)
Ex-smoker 17.9 (15.5;20.6) 9.2 (7.5;11.4)
Smoker 17.1 (15.3;19.2) 11.3 (9.8;13.1)
Schooling at 22 years of age 0.001 <0.001
0-4 15.2 (8.8;24.9) 18.3 (11.3;28.1)
5-8 18.5 (16.0;21.2) 14.4 (12.2;17.0)
9-11 17.8 (15.8;19.9) 8.4 (7.1;10.0)
> 12 years 12.1 (10.1;14.3) 8.0 (6.5;9.9)
Asset index at 22 years of age (quintiles) <0.001 0.020
First (poorest) 17.9 (15.1;21.1) 12.9 (10.6;15.8)
Second 18.7 (15.8;21.9) 9.6 (7.6;12.2)
Third 17.8 (15.1;20.1) 9.2 (7.2;11.6)
Fourth 15.9 (13.3;18.9) 11.3 (9.1;14.0)
Fifth (richest) 10.8 (8.6;13.5) 7.7 (5.9;10.0)
Smoking at 22 years of age 0.080 <0.001
Never 15.4 (14.0;16.9) 7.7 (6.7;8.9)
Ex-smoker 19.6 (15.7;24.3) 11.7 (8.7;15.5)
Smoker 17.9 (14.9;21.3) 20.1 (16.9;23.7)
Total physical activity > 150 min/week (leisure and 0.089 0.120
commuting) at age 22
No 17.7 (15.6;19.9) 9.1 (7.6;10.8)
Yes 15.4 (13.9;17.0) 10.8 (9.5;12.2)
Obesity (BMI > 30 kg/m?) at age 22 0.002
No 9.5 (8.4;10.7)
Yes 14.0 (11.3;17.2)
Wheezing in the last 12 months at 22 years of age 0.011
No 15.6 (14.3;17.0)
Yes 20.9 (17.0;25.5)
Corticoid use in the last three months at the 22-year 0.783 <0.001

follow-up

No 16.1 (14.7;17.5) 8.4 (7.4;9.5)
Yes 16.7 (13.2;20.8) 19.3 (15.6;23.7)
Total 16.2 (15.0;17.6) 10.1 (9.1;11.2)

* Pearson’s chi-square test or Chi-square test for linear trends. Significance level of 5%. @ Sample wheezing from
11 to 18 years of age: participants with information on wheezing in the last 12 months in the follow-ups at ages
11, 15, and 18 and information on obesity (BMI > 30 kg/m2) at 22 years of age. ® Sample obesity from 11 to 18
years of age: participants with information on obesity (BMI > 30 kg/m2 or > +2 z-scores) at ages 11, 15, and 18
and information on wheezing in the last 12 months at the 22-year follow-up.
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the prevalence of obesity in the two aforementioned
categories was higher in men (13.8% and 4.7%,
respectively). The same was not observed among
women (Figure 1).

The association between the presence of wheezing
from age 11 to 18 and obesity at 22 years of age
according to sex may be observed in Table 3. There
were no associations between wheezing and obesity
in males. Conversely, in females, the presence of
wheezing from age 11 to 18 was positively associated
with obesity at 22 years of age in the crude analysis.
Later, in the adjusted analyses, the wheezing category
in two follow-ups maintained this association with a
95%CI that did not cross one. Women who presented
wheezing in two follow-ups had 2.22 times (95%CI:
1.36; 3.61) more chances of developing obesity at
22 years of age when compared to participants who
had not wheezed in previous follow-ups (p = 0.002).

In Table 4, we observed an association between
obesity from 11 to 18 years of age and the presence of
wheezing at age 22 according to sex. No associations
were observed for males. In females, the presence
of obesity in two follow-ups was positively associated
with the presence of wheezing reported at 22 years of
age, although without statistical significance. Female
participants also showed 2.03 times (95%CI: 1.05;
3.92) greater chances of developing wheezing at
age 22 than those who did not present obesity in
the follow-ups of interest (p = 0.101).

DISCUSSION

The aim of this study was to analyze the bidirectional
association between wheezing and obesity during
adolescence and early adulthood. According to our
analyses, approximately one-third of the participants
presented wheezing in at least one of the adolescence

Wheezing from 11 to 18 years

None
One follow-up
Two follow-ups

Always wheezing

Obesity from 11 to 18 years
None

One follow-up

Two follow-ups

Always obese

follow-ups, and around 10% presented wheezing
during early adulthood. On the other hand, nearly
one-fifth of the participants were classified as obese
in at least one follow-up between the ages of 11 and
18, and close to 16% were obese at 22. Additionally,
a positive bidirectional association between wheezing
and obesity was observed even after adjustment for
confounding variables. In female participants, the
presence of self-reported wheezing in two follow-
ups between 11 and 18 years of age increased
the chances of being obese at age 22. In turn, the
presence of obesity in two follow-ups increased the
female participants’ chances of presenting wheezing
at 22 years of age.

When analyzing the distribution of demographic,
socioeconomic, behavioral, and health variables
in participants who presented with wheezing or
obesity at 22 years of age, demographic and social
inequalities were observed. There was a greater
prevalence of outcomes among participants with less
schooling, who belonged to the poorest quintiles of
the asset index, and who were of black skin color.
Malta et al.*®) reported similar results when analyzing
socioeconomic inequalities in the prevalence of
chronic non-communicable diseases in Brazilian
adults using data from the 2019 National Health
Survey, reinforcing the importance of monitoring
health inequality indicators and implementing public
policies that address this issue.

Regarding behavioral variables, the largest prevalence
of wheezing or obesity at 22 years of age was tied to
the exposure category of smoking. Several studies
have demonstrated positive associations between
exposure to smoking and obesity or wheezing.?%2"
A meta-analysis involving 79 studies showed that
exposure to smoking during pregnancy or in the

0 10 20

W Female (%)

40 50 60 70 80 90 100

Male (%)

Figure 1. Prevalence of wheezing in the last 12 months and obesity during adolescence in the 1993 Birth Cohort, Pelotas,
Brazil. Sample wheezing from 11 to 18 years of age: participants with information on wheezing in the 12 months prior
to the follow-ups at ages 11, 15, and 18 and information on obesity (BMI > 30 kg/m?2) at the 22-year follow-up. Sample
obesity from 11 to 18 years of age: participants with information on obesity (BMI > 30 kg/m2 or > +2 z-scores) at ages
11, 15, and 18 and information on wheezing in the 12 months prior to the 22-year follow-up.
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Table 3. Association between wheezing from 11 to 18 years of age and obesity at age 22. 1993 Birth Cohort, Pelotas,

Brazil.

Crude
OR (95% CI)
Wheezing from 11 to 18 years?
Males (n=1,533)
None 1.00
One follow-up 0.87 (0.59;1.28)
Two follow-ups 0.98 (0.54;1.76)
Always wheezing 1.10 (0.42;2.88)
Females (n=1,709)
None 1.00
One follow-up 1.34 (1.00;1.80)
Two follow-ups 1.89 (1.21;2.96)
Always wheezing 2.04 (0.93;4.50)

Obesity at 22 years of age®

Adjusted

p-value* OR (95% CI) p-value*
0.807 0.357
1.00
0.80 (0.52;1.23)
0.80 (0.42;1.53)
0.89 (0.30;2.63)
0.001 0.002

1.00
1.28 (0.91;1.79)
2.22 (1.36;3.61)
1.64 (0.68;3.99)

OR: Odds Ratio; 95% IC: 95% confidence interval; Significance level of 5%.* p-value by Wald's test. # Wheezing in
the 12 months prior to the follow-ups at ages 11, 15, and 18; ® Obesity: BMI > 30 kg/m2. Adjusted by skin color,
birthweight, gestational age, maternal schooling during pregnancy, maternal smoking during pregnancy, family
history of asthma, family income at 11 years of age, parental smoking at the 11-year follow-up.

Table 4. Association between obesity from 11 to 18 years of age and wheezing at age 22. 1993 Birth Cohort, Pelotas,

Brazil.

Crude
OR (95% CI)
Obesity from 11 to 18 years?
Males (n=1,545)
None 1.00

Wheezing at 22 years of age®

One follow-up
Two follow-ups
Always obese
Females (n=1,708)
None
One follow-up
Two follow-ups
Always obese

0.87 (0.51;1.47)
1.03 (0.50;2.12)
1.44 (0.69;2.99)

1.00
1.56 (0.92;2.64)
1.88 (1.03;3.42)
1.10 (0.39;3.14)

1.00
1.41 (0.77;2.58)
2.03 (1.05;3.92)
0.98 (0.29;3.31)

Adjusted
p-value* OR (95% CI) p-value*
0.553 0.308
1.00

0.88 (0.49;1.56)

1.33 (0.61;2.90)

1.55 (0.70;3.40)
0.054 0.101

OR: Odds Ratio; 95% IC: 95% confidence interval; Significance level of 5%.* p-value by Wald’s test. * Obesity
(BMI = 30 kg/m2 or = +2 z-scores) assessed in the follow-ups at ages 11, 15, and 18; ® Wheezing in the 12
months prior to the 22-year follow-up. Adjusted by skin color, birthweight, gestational age, maternal schooling
during pregnancy, maternal smoking during pregnancy, family history of asthma, family income at 11 years of age,

parental smoking at the 11-year follow-up.

postnatal period (father, mother, or a relative)
increased the risk of wheezing during childhood and
adolescence.V

A document containing global strategies for asthma
management and prevention (GINA) suggests the
possibility of a phenotype for asthma, known as
“asthma with obesity,” since asthmatic obese individuals
exhibit more severe respiratory symptoms and greater
difficulty in disease control.®” Our results showed
that the largest prevalence of obesity was among
participants who reported wheezing in the last 12
months and that had a family history of asthma. In
addition, there was a larger prevalence of wheezing
in obese participants when compared to those who
were not obese.

The literature shows a possible positive association
between asthma and obesity, though mostly in

J Bras Pneumol. 2022;48(6):e20220222

cross-sectional studies,*2223) which are subject
to reverse causality bias. Longitudinal studies
are necessary to verify the direction of the
association; 12249 however, few studies have
documented the bidirectional association, indicating
that this approach needs to be further explored.(®-2:2%)

In this study, we found that the presence of wheezing
in two follow-ups increased the chance of being obese
at 22 years of age by approximately 120% when
compared to participants without wheezing (Table 3,
females). Zhang et al.*? also observed that children
diagnosed with asthma in any given follow-up had
1.38 times (95%CI: 1.12; 1.71) more chances of
becoming obese in the subsequent follow-up of their
study when compared to children without asthma.
The literature is uncertain regarding possible causal
mechanisms associated with exposure to asthma and
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the incidence of obesity. In general, the hypotheses
point to reduced physical activity,*® continuous use
of asthma-control medication,?” a potential metabolic
disorder related to insulin and leptin resistance,®®
and exposure to smoking.?® It should be noted that
there are possible genetic factors common to both
diseases associated with genes with pleiotropic effects,
such as B2-adrenergic receptors (ADRB2), vitamin D
(VDR), leptin (LEP), protein kinase C alpha (PRKCA),
and tumor necrosis factor alpha (TNFa).G%

Our results also showed that obesity increases
the chance of the occurrence of wheezing and are
supported by the longitudinal bidirectional studies
with Mendelian randomization by Granell et al.(*%
and Xu et al.,® who found that for each increment
from 1 to 4.8 kg/m? in BMI, individuals had from
1.18 (95%CI: 1.11; 1.25) to 1.55 (95%CI: 1.16;
2.07) times greater risk of developing asthma. In
general, the direction of the association from obesity
to asthma has already been studied and described in
the literature. Once again, the mechanisms related to
the plausibility of the association are not well defined,
but the literature points to systemic inflammation in
obesity as a causal factor for the inflammation of the
respiratory tracts and, consequently, wheezing. In
other words, adipocytes would be a possible source
of pro-inflammatory cytokines.t)

In the same population included in this study, at
11 and 15 years of age, Noal et al.®» found that
the risk of persistent wheezing was 80% greater
in obese adolescents when compared to those who
were eutrophic at age 11, and among those who
were in the upper tertile of the skinfold sum. From
ages 18 to 22, Menezes et al.® found that obese
individuals had 2 times (95%CI: 1.32; 3.03) more
chances of developing wheezing at 22 years of age.
The previously evaluated ages in this same cohort
only referred to two follow-ups (ages 11 and 15 in
Noal’s study and 18 and 22 in Menezes'); it is possible
that the bidirectionality observed in the present study
was due to the longer period of analysis (11, 15, 18,
and 22 years).

In a prospective population-based study performed
with teenagers and young adults in Norway, Egan
et al.®> also found a possible positive bidirectional
association between asthma and obesity. However, it
was only significant for males, in which adolescents who
presented with obesity had 1.80 times (95%CI: 1.02;
3.18) more chances of self-reported asthma diagnosis
or symptoms in 11 years of follow-up, and adolescents
who reported symptoms or diagnosis of asthma had
1.90 times (95%CI: 1.12; 3.24) greater chances of
developing obesity. In our study, despite observing a
statistically significant association between wheezing
and obesity in females only, it is not possible to infer
that sex is an effect modifier of the association, due
to the lack of significance, which may be related to
the sample size of the exposure categories and the
power of the analysis for males; the other point is
that males have a lower percentage of fat tissue than

women, a fact that can distort the effect measure
toward a null effect. Corroborating our findings, a
meta-analysis of prospective longitudinal studies
conducted by Beuther et al.? on overweightness,
obesity, and the incidence of asthma showed that
the association wasn’t modified by sex.

When analyzing the effect measurements between
the exposure categories for wheezing and obesity
from ages 11 to 18, in some cases there was an
increase in the effect measurement values as the
exposure increased. However, it is not possible to
state that there were dose-response effects in all
tested associations. Meanwhile, a meta-analysis of
longitudinal studies showed that the incidence of
asthma increased by around 50% when subjects
presented with overweightness/obesity with dose-
response effects.?

Some limitations may be pointed out in this study,
such as the use of the symptom wheezing as a “proxy”
for asthma diagnosis; however, in epidemiological
studies with large samples, this measurement is
commonly used.(®) It is possible that wheezing in
the last 12 months could be subject to information
bias; nevertheless, consequent underestimation would
not have a substantial effect. *”) According to the
SAPALDIA study (Swiss Study on Air Pollution and
Lung Diseases in Adults), respiratory symptoms are
reliable predictors of asthma; wheezing as a single
symptom showed the best sensitivity (74.7%), negative
predictive value (99.3%), and Youden index (0.62).
As for the symptom combinations, the association of
wheezing with two of the three symptoms (nocturnal
dyspnea, chest tightness, and cough) was the best
tool for diagnosing asthma.(®3) Moreover, the periods
between follow-ups (approximately 3 years) and the
variables’ evaluation time (wheezing in the last 12
months and BMI at the moment of data collection)
would lead to fluctuations in outcomes, and some
information may have been lost; thus, it is not possible
to state that the occurrence and effect measurements
were not underestimated.

On the other hand, strong points include the
prospective design of 22 years of follow-up in a
population-based sample. The extended follow-up
period allows the cumulative effect of the exposures
over the studied outcomes to be observed. The high
follow-up rates, with the smallest being 22 years
(approximately 75%), reduce the possibility of selection
bias, confirmed by the results in Table 1.

In conclusion, this study demonstrated a possible
positive bidirectional association between wheezing
and obesity, with larger effect measurement values
in the wheezing to obesity direction, even after
adjustments for confounders. This association appears
to be more evident in females and for the category
presence of wheezing/obesity in two follow-ups during
adolescence. Future studies should evaluate if there
are any critical points for specific ages that lead to
the outcomes, to clarify the still obscure aspects of
this wheezing/obesity association.
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incident cases of COVID-19 in unvaccinated
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Brazil: a prospective cohort study
conducted during the first year of the
COVID-19 pandemic
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ABSTRACT

Objective: There is still limited information on the clinical characteristics and outcomes
of cystic fibrosis (CF) patients with COVID-19 in Brazil. The objective of this study was
to describe the cumulative incidence of COVID-19 in CF patients, as well as their clinical
characteristics and outcomes. Methods: This was a prospective cohort study involving
unvaccinated adult CF patients and conducted during the first year of the SARS-CoV-2
pandemic in the city of Porto Alegre, in southern Brazil. The clinical course of the
disease was rated on the WHO Ordinal Scale for Clinical Improvement. The primary
outcome was the number of incident cases of COVID-19. Results: Between April 30,
2020 and April 29, 2021, 98 CF patients were included in the study. Seventeen patients
were diagnosed with COVID-19. For the CF patients, the annual cumulative incidence
of COVID-19 was 17.3%, similar to that for the general population, adjusted for age
(18.5%). The most common symptoms at diagnosis of COVID-19 were cough (in 59%),
dyspnea (in 53%), fatigue (in 53%), and fever (in 47%). Only 6 (35%) of the patients
required hospitalization, and 3 (17.6%) required oxygen support. Only 1 patient required
mechanical ventilation, having subsequently died. Conclusions: During the first year of
the SARS-CoV-2 pandemic in southern Brazil, the cumulative incidence rate of COVID-19
was similar between CF patients and the general population. More than 50% of the CF
patients with SARS-CoV-2 infection had a mild clinical presentation, without the need
for hospital admission, and almost the entire sample recovered completely from the
infection, the exception being 1 patient who had advanced lung disease and who died.

Keywords: Cystic fibrosis; COVID-19; SARS-CoV-2.

Caucasians and predominantly involving the lungs by

COVID-19 emerged in the city of Wuhan, in Hubei
province, China, as a pneumonia of unknown origin.
In February of 2020, the WHO declared the outbreak
of the novel coronavirus an international public health
emergency.(Y) Health outcomes of individuals infected
with SARS-CoV-2 range from the lack of any symptoms
to severe illness and death.® In addition to advanced
age, suspected risk factors for developing severe illness
caused by SARS-CoV-2 infection include the presence
of comorbidities.->

Cystic fibrosis (CF) is a recessive genetic disease
caused by mutations in the cystic fibrosis transmembrane
conductance regulator (CFTR) gene, mostly affecting

impairing mucociliary airway clearance.®”) In patients
with CF, the airways become susceptible to dramatic
inflammation and chronic infection.® Persistent lower
airway infection with inflammation is the major cause
of morbidity and mortality and contributes to a decline
in lung function.”

Pulmonary exacerbations have an impact on survival
in patients with CF, reducing health-related quality of
life, adversely affecting sleep and neurobehavioral
performance, and increasing health care costs.®
Pulmonary exacerbations are usually caused by bacteria
that are typically associated with the disease, such
as Staphylococcus aureus, Pseudomonas aeruginosa,
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and Burkholderia cepacia complex.(*® Viruses are
commonly found during respiratory exacerbations,
particularly the influenza A virus, the influenza B
virus, and rhinovirus.® In comparison with nonviral
exacerbations, viral exacerbations are associated with
worse severity and quality-of-life scores.(®® During
the 2009 influenza A (HIN1) pandemic, infection
with influenza A (H1N1) virus was associated with
transient but significant morbidity in most patients
with CF. In a small number of CF patients with severe
lung disease, influenza was associated with respiratory
deterioration, need for mechanical ventilation, and
even death.(?

Patients with CF should be considered to have an
increased risk of developing severe manifestations
in case of SARS-CoV-2 infection. Surprisingly, the
results of studies conducted in 2020 and examining
SARS-CoV-2 infection in patients with CF showed
that the infection rate was lower in CF patients than
in the general population.®

The first case of COVID-19 in Brazil was diagnosed on
February 26, 2020,3'% and the first case of COVID-19
in the state of Rio Grande do Sul, in southern Brazil, was
diagnosed on March 10, 2020.*> There is still a lack of
information on the clinical characteristics and outcomes
of CF patients diagnosed with COVID-19 in Brazil.

The objective of this prospective cohort study
was to describe the cumulative incidence, clinical
characteristics, and outcomes of incident cases of
COVID-19 in unvaccinated adult CF patients during
the first year of the COVID-19 pandemic.

METHODS

Study design and population

This was a prospective study conducted between
April 30, 2020 and April 29, 2021 and describing the
clinical characteristics and outcomes of incident cases
of COVID-19 in a cohort of 98 CF patients monitored
under the auspices of the Hospital de Clinicas de
Porto Alegre (HCPA) adult CF program. The HCPA is
a tertiary care teaching hospital located in the city
of Porto Alegre, which is the capital of the state of
Rio Grande do Sul, in southern Brazil.

In the state of Rio Grande do Sul, the social isolation
measures to limit the spread of SARS-CoV-2 were
implemented on March 17, 2020. Following the
implementation of the measures, all health care
facilities sought ways to restrict the circulation of
individuals, avoiding elective medical appointments,
elective procedures, and ancillary tests. Patients
being followed at the HCPA CF outpatient clinic
began to be monitored by telephone consultation. A
WhatsApp group including patients and health care
professionals was created in order to provide health
care recommendations during the COVID-19 pandemic.
A health questionnaire was sent to all CF patients
every two weeks in order to gather information on
respiratory symptoms, complaints consistent with or

J Bras Pneumol. 2022;48(6):e20220265

diagnosis of COVID-19, use of oral antibiotics, need
for emergency care, and need for hospital admission.
This information was collected prospectively and
monitored by the multidisciplinary health care team.

The inclusion criteria were as follows: having been
diagnosed with CF on the basis of clinical features
and a positive sweat chloride test (> 60 mmol/L) or,
in the case of patients with a borderline sweat test,
the presence of a known disease-causing mutation
in each copy of the CFTR gene*®; and being = 17
years of age before April 30, 2020. All participating
patients were monitored under the auspices of the
HCPA adult CF program during the COVID-19 pandemic.
The primary outcome of the study was the number of
incident cases of COVID-19 over a one-year period.

Study measures and procedures

One member of our research team reviewed all
patient electronic medical records at the HCPA. Data on
the following variables were recorded at study entry:
age; sex; ethnicity; age at CF diagnosis; presence
of (homozygous or heterozygous) F508del mutation;
BMI; pancreatic status; CF-related diabetes; a history
of massive hemoptysis requiring bronchial artery
embolization; pneumothorax; a previous diagnosis of
allergic bronchopulmonary aspergillosis; CF-related
liver disease; liver and/or lung transplantation;
chronic infection with P. aeruginosa, B. cepacia,
methicillin-susceptible S. aureus, methicillin-resistant
S. aureus, and/or nontuberculous mycobacteria; and
use of inhaled dornase alpha, inhaled colistimethate
sodium, inhaled tobramycin, and/or oral azithromycin.
In addition, the latest spirometry and six-minute walk
test results were reviewed in order to record FVC,
FEV,, FEV /FVC, the six-minute walk distance (6MWD),
and oxygen saturation. FVC and FEV, were expressed
in liters (L) and in percentage of the predicted values
for age, height, and sex.(*”)

In the present study, pancreatic insufficiency was
defined as the use of enzymes, whereas pancreatic
sufficiency was defined as no use of enzymes. Chronic
infection was defined as having three or more positive
isolates during the previous 12 months. CF-related
diabetes was defined as the use of insulin.

Our research team recorded patient clinical
information and patient answers to the health
questionnaire between April 30, 2020 and April 29,
2021, identifying the incident cases of COVID-19.
The diagnostic criteria for COVID-19 were a positive
RT-PCR from nasal and pharyngeal swabs, chest CT
findings consistent with COVID-19, a firm clinical
diagnosis of COVID-19 made in a hospital setting,
or any combination of the three. By the end of the
study, on April 29, 2021, none of the participating
patients had been vaccinated against COVID-19.
The clinical course of COVID-19 was classified in
accordance with the WHO Ordinal Scale for Clinical
Improvement.(*®) Death was defined as a patient who
died for any reason.
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Ethics

The study was approved by the Research Ethics
Committee of the HCPA (Protocol no. 2020-0225) and by
Plataforma Brasil (Protocol no. 33225520400005327).
Written informed consent was obtained at recruitment.
The study was in accordance with international and
national standards for clinical studies in humans
(Declaration of Helsinki and Brazilian governmental
regulation—Plataforma Brasil).

Sample size calculation

No sample size calculation was performed a priori.
The sample size was equal to the number of incident
cases of COVID-19 during the study period.

Statistical analysis

Statistical analysis was performed with the IBM
SPSS Statistics software package, version 22.0
(IBM Corporation, Armonk, NY, USA). We performed
a descriptive analysis of the study variables. The
normality of the data distribution was examined
with quantile-quantile plots and the Shapiro-Wilk
test. Qualitative data were expressed as number
of cases and proportion. Quantitative data were
expressed as mean % standard deviation or median
and interquartile range. Categorical comparisons
were performed with the chi-square test with Yates’
correction (when appropriate) or Fisher’s exact test.
Continuous variables were compared by means of a
t-test or the Wilcoxon-Mann-Whitney test. Cumulative
incidence was calculated as the number of new cases
of COVID-19 divided by the total number of individuals
in the population at risk for the study period (1 year),
being also calculated at 6-month intervals. The annual
cumulative incidence rate of COVID-19 in the state of
Rio Grande do Sul was also calculated, being adjusted
for age.(*® The chi-square test of independence was
used in order to compare the annual cumulative
incidence of COVID-19 between CF patients and the
general population.

RESULTS

Of a total of 130 patients being followed under the
auspices of the HCPA adult CF program, 98 were
included in the study. Twelve patients declined to
participate, and 20 were unable to undergo remote
clinical monitoring (Figure 1). Between April 30, 2020
and April 29, 2021, 17 CF patients were diagnosed
with COVID-19. Of those, 14 had positive SARS-CoV-2
RT-PCR test results and 3 had clinical symptoms
consistent with COVID-19 and positive SARS-CoV-2
serology. Of those 3 patients, 2 had typical chest CT
findings of COVID-19. By the end of the study, on
April 29, 2021, none of the participating patients had
been vaccinated against COVID-19.

The characteristics of the study participants at study
entry are presented in Table 1. Most (67%) of the
participating patients were female. The mean age of
the patients was 29.2 * 8.8 years, and the median age

at diagnosis was 3 years. The mean BMI was 21.7 +
2.7 kg/m2. Twenty-one percent of the patients were
homozygous for the F508del mutation, and 33% were
heterozygous for the F508del mutation. Seventy-nine
percent had exocrine pancreatic insufficiency, 25%
had CF-related diabetes, 30% had CF-related liver
disease, and 70% were chronically infected with P.
aeruginosa. The mean percent predicted FEV, was
59.3 £ 25.2%, and the mean percent predicted 6MWD
was 69.8 = 13.5%. Four patients had previously
undergone lung transplantation, and 1 had previously
undergone liver transplantation.

In the state of Rio Grande do Sul on April 29, 2021,
there were records of 1,091,191 confirmed cases of
SARS-CoV-2 infection, with an age-adjusted annual
cumulative incidence rate of 18.5%.%% For the CF
patients, the annual cumulative incidence was 17.3%,
and the cumulative incidence for the first and second
6-month periods was 4.1% and 13.3%, respectively.
We found that the annual cumulative incidence of
COVID-19 was not significantly different between
the patients with CF and the general population (p
= 0.738). The risk of SARS-CoV-2 infection did not
differ between the patients with CF and the general
population (OR, 0.94; 95% CI, 0.64-1.37 vs. OR, 1.06;
95% CI, 0.75-1.50). The distribution of COVID-19
cases in the study period is presented in Figure 2.

A comparison between patients with and without
COVID-19 is presented in Table 1. The BMI was lower
in patients with SARS-CoV-2 infection (19.8 + 2.5
kg/m?) than in those without SARS-CoV-2 infection
(22.1 £ 2.6 kg/m?; p = 0.001). There was a significant
difference between the proportion of F508del mutations
(homozygous, heterozygous, and other mutations)
between the two groups (p = 0.028), with a lower
proportion of heterozygosis in patients with COVID-19.
There was no difference between the groups regarding
percent predicted FVC (73.9 £ 20.0% vs. 75.9 £
22.3%; p = 0.740), percent predicted FEV, (60.9
+ 28.1% vs. 59.0 £ 24.7%; p = 0.779), or percent
predicted 6MWD (64.4 £ 12.9% vs. 70.9 + 13.4%;

Cystic fibrosis patients
undergoing outpatient
follow-up (n = 130)

Patients who were unable
——{to undergo remote clinical
monitoring (n = 20)

Patients who declined
to participate (n = 12)

Patients who were included in
and completed the study (n = 98)

Patients who were Patients who were
not diagnosed diagnosed with
with COVID-19 (n = 81) COVID-19 (n = 17)

Figure 1. Flow chart of the patient selection process.
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Table 1. Characteristics of the study participants at study entry and comparison between patients with and without
COVID-19.2

Characteristic

Age, years 29.2 + 8.8
Sex

Male 32 (33)
Ethnicity

White 98 (100)
Age at CF diagnosis 3 (0-17)
BMI, kg/m? 21.7 £2.7
F508del mutation

Homozygous 21 (21)

Heterozygous 33 (34)

Other 44 (45)
Pancreatic insufficiency 77 (79)
CFRD 24 (25)
Pneumothorax 1(1)
Massive hemoptysis (> 100 mL) 19 (19)
Bronchial artery embolization 8 (8)
ABPA 17 (17.3)
CF-related liver disease 28 (30)
Liver transplantation 1(1)
Lung transplantation 4 (4)
Pseudomonas aeruginosa 67 (70)
MSSA 60 (62)
MRSA 9 (9.4)
Burkholderia cepacia 22 (23)
MNT 6 (6.3)
Dornase alpha 84 (86)
Inhaled colistimethate sodium 51(52)
Inhaled tobramycin 33 (34)
Azithromycin 75 (76.5)
FVC, % predicted 75.5+21.8
FEV,, % predicted 59.3 +25.2
FEV,/FVC, % 76.9 + 16.1
Sp0,, % 94 (2.5)
6MWD, % predicted 69.81 + 13.47

Group
COVID-19 No COVID-19
(n = 17) (n = 81)
28.2+9.3 29.4 + 8.72 0.598
0.500
2(6) 30 (94)
1.000
17 (17.5) 81 (82.6)
8 (0-23) 3 (0-17) 0.652
19.8 +2.5 22.1+2.6 0.001
0.028
5 (24) 16 (76)
103) 32 (97)"
11 (25) 33 (75)
12 (16) 65 (84) 0.515
2 (8) 22 (92) 0.228
0 1 (100) 1.000
4(21) 15 (79) 0.736
2 (25) 6 (75) 0.624
3 (17.6) 14 (82.4) 1.000
5(18) 23 (82) 1.000
0 1 (100) 1.000
0 4 (100) 1.000
12 (18) 55(82) 0.770
11 (18) 49 (82) 0.777
1(11) 8 (89) 1.000
4 (18) 18 (82) 0.757
0 6 (100) 0.585
13 (15.5) 71 (84.5) 0.257
7 (13.7) 44 (86) 0.472
5 (15) 28 (85) 0.899
13 (17) 62 (83) 1.000
73.9 + 20.0 75.9 +£22.3 0.740
60.9 + 28.1 59.0 + 24.7 0.779
77.5+21.1 76.8 £ 15.0 0.877
95 (2.8) 94 (2.5) 0.239
64.36 + 12.89 70.94 + 13.43 0.142

CF: cystic fibrosis; CFRD:

cystic fibrosis-related diabetes; ABPA: allergic bronchopulmonary aspergillosis;

MSSA: methicillin-susceptible Staphylococcus aureus; MRSA: methicillin-resistant Staphylococcus aureus; NTM:
nontuberculous mycobacteria; and 6MWD: six-minute walk distance. ?Data are presented as n (%), median £+ SD,
or median (IQR). *Chi-square test for categorical variables. Student’s t-test or Mann-Whitney U test for continuous
variables. "Adjusted standard residual > 1.96 or < —1.96 (implies significantly different proportions).

p = 0.142). There were no differences between the
groups regarding the other variables. None of the
patients who had undergone lung transplantation
had SARS-CoV-2 infection.

Table 2 shows the main symptoms at diagnosis
of COVID-19, patient management, and respiratory
support. The most common symptoms at diagnosis of
COVID-19 were cough (in 59%), dyspnea (in 53%),
fatigue (in 53%), fever (in 47%), and increased
sputum volume (in 41%). Only 6 patients (35%)
required hospitalization. Three patients (17.6%)
required oxygen support during their hospital stay.

J Bras Pneumol. 2022;48(6):e20220265

Only 1 patient required ICU admission and noninvasive
ventilation, followed by endotracheal intubation and
mechanical ventilation. This patient died.

The WHO Ordinal Scale for Clinical Improvement for
COVID-19 is shown in Figure 3. Seven patients (41%)
were rated 1 (no limitation of activities), 4 (23.5%)
were rated 2 (limitation of activities), 3 (17.6%) were
rated 3 (hospitalized, no oxygen therapy), 2 (11.8%)
were rated 4 (oxygen by mask or nasal prongs), and 1
(5.9%) was rated 8 (death). The patient who died had
advanced lung disease (a percent predicted FEV, of 29%)
and was on the waiting list for lung transplantation.



Camargo CC, Jacobsen LB,

Number of cases (n)

0 - T
Q Q Q
\% \% \%
Q Q \f\’

N N
o o S O o
> & ) N ) 5

T
S X & & & »

Months (from April of 2020 to April of 2021)

Figure 2. Distribution of COVID-19 cases during the study period.

Table 2. Main symptoms at diagnosis, patient management,
and respiratory support in cystic fibrosis patients with
COVID-19.

Variable n (%)

Symptoms at diagnosis

Fever 8 (47)
Dyspnea 9 (53)
Cough 10 (59)
Increased sputum volume 7 (41)
Fatigue and/or asthenia 9 (53)
Headache 4 (23.5)
Myalgia and/or arthralgia 4 (23.5)
Ageusia and/or anosmia 4 (23.5)
Hemoptysis 1(5.8)
Nausea, vomiting, and/or diarrhea 4 (23.5)
Patient management
Outpatient care 11 (64.7)
Hospitalization 6 (35)
Medical ward 5 (83)
ICU 1(16)
Respiratory support

Additional oxygen therapy 3 (17.6)
Noninvasive ventilation 1(5.8)
High-flow nasal cannula oxygen therapy 0
Invasive ventilation 1(5.8)
ECMO 0

ECMO: extracorporeal membrane oxygenation.

DISCUSSION

In this prospective cohort study performed in
southern Brazil between April of 2020 and April of 2021,
we described the clinical presentation and outcomes
of incident cases of COVID-19 in unvaccinated adult
CF patients during the first year of the SARS-CoV-2
pandemic. The cumulative incidence rate in our
cohort of patients with CF was 17.3% during the
study period, similar to that observed for the general

population of the state of Rio Grande do Sul, which
was 18.5% (adjusted for age).*® When comparing
clinical characteristics between the study participants,
we found that those with COVID-19 had a lower BMI
and a lower proportion of heterozygous F508del
mutations than did those without COVID-19. More
than 50% of the CF patients infected with SARS-CoV-2
had a mild clinical presentation, without the need for
hospital admission. Almost the entire sample recovered
completely from the infection, the exception being 1
patient who had advanced lung disease and who died.

Other studies have shown a lower incidence of
SARS-CoV-2 infection in CF patients during the
first wave than in the general population,?°-2% the
incidence of SARS-CoV-2 infection being lower in the
aforementioned studies than in the current study. One
of the first reports on the low incidence rate of SARS-
CoV-2 infection in people with CF was published by
Colombo et al. on April of 2020.?% In a multinational
retrospective study, Cosgriff et al.?") estimated that
the incidence of COVID-19 in CF patients in the 15- to
57-year age bracket was 0.07%, compared with 0.15%
in the general population. Between March 1 and June
30, 2020, Corvol et al.®® conducted a large prospective
study in France involving CF patients in the 9- to
60-year age bracket and found a 0.41% incidence of
COVID-19, an incidence that was 93% lower than that
in the general population. In a prospective multicenter
cohort study conducted between February and July
of 2020 and in which 50% of the patients were >
18 years of age, Colombo et al.®>> reported that the
cumulative incidence of SARS-CoV-2 infection was
2.4/1,000 population. However, in a retrospective
study investigating the 38-country European Cystic
Fibrosis Society Patient Registry, Naehrlich et al.®®
reported that the incidence of confirmed SARS-CoV-2
infection in people with CF was 2.70 cases per 1,000
population, an incidence that was not significantly
different from that of SARS-CoV-2 infection in the
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Figure 3. The World Health Organization Ordinal Scale
for Clinical Improvement (for COVID-19). 0: no clinical
or virological evidence of infection; 1: no limitation of
activities; 2: limitation of activities; 3: hospitalized, no
oxygen therapy; 4: oxygen by mask or nasal prongs; 5:
noninvasive ventilation or high-flow oxygen; 6: intubation
and mechanical ventilation; 7: ventilation + additional
organ support (vasopressors, renal replacement therapy,
or ECMO); and 8: death.

general population. When incidence was analyzed
by age group, the incidence of SARS-CoV-2 infection
was significantly higher in people with CF than in the
general population for those under 15 years of age,
those in the 15- to 24-year age bracket, and those
in the 25- to 49-year age bracket.®®

There are several possible explanations for the high
cumulative incidence rate of COVID-19 in people
with CF in the current study. First, testing in early
2020 was very restricted to symptomatic cases with
more severe respiratory symptoms. Therefore, many
cases of asymptomatic or mild infection in the general
population probably went undetected. Second, people
with CF may have been tested more frequently than
was the general population because of increased
surveillance and established care routines. Third,
the current study included only adult CF patients,
who usually have more severe lung disease than do
younger CF patients. Consequently, adult CF patients
usually take early action to treat respiratory symptoms
and to be tested for SARS-CoV-2 infection. Fourth,
this was a prospective study, and all patients were
closely monitored with regard to their health status.

There are three CF centers in the state of Rio Grande
do Sul, all of which are located in Porto Alegre (the
capital of the state), and our center is the largest. In
addition, the HCPA Adult CF Center is one of the largest
adult CF centers in Brazil. Because almost all of the
patients followed at the HCPA Adult CF Center were
living in the state of Rio Grande do Sul at the time,
we considered that this sample of adult CF patients
was representative of the adult CF population of the
state of Rio Grande do Sul.

When we compared clinical characteristics between
patients, we found that those with COVID-19 had a
lower BMI than did those without COVID-19. This
finding is suggestive of more severe disease in patients
with SARS-CoV-2 infection. Again, this could indicate
that people with more severe disease usually take
early action to be tested for SARS-CoV-2 infection.(?®)
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The study by Colombo et al.(?® compared patients
who tested positive by molecular testing (cases) and
those who tested negative (controls). In contrast to
our study, controls were older than cases, whereas the
two groups were comparable in terms of sex, CFTR
genotype, comorbidities, CF maintenance therapy, and
respiratory function prior to SARS-CoV-2 infection.

In the current study, the main symptoms at diagnosis
were cough, dyspnea, fatigue/asthenia, fever, and
increased sputum volume. These are consistent with
the symptoms commonly experienced by the general
population and with the findings reported in other
cohorts of CF patients with COVID-19.(23:24.27)

The course of COVID-19 was mild in more than 50%
of our patients, with only 1 patient having developed
severe illness requiring ventilatory support and ICU care,
and later progressing to death. Of the other patients
who were hospitalized, 3 did not require any respiratory
support. This is surprising given that viral infections
tend to have worse outcomes in CF patients. However,
it should be noted that in our study there were only
4 patients who had undergone lung transplantation
and only 1 who had undergone liver transplantation.
McClenaghan et al.?® reported that 11 of the 181
individuals analyzed in their study were admitted to
the ICU. Of those, 7 had undergone transplantation.
A total of 7 patients died, 3 of which had undergone
transplantation. Corvol et al.*® reported that 19 of
31 patients were hospitalized, and 11 had undergone
transplantation. In our cohort, none of the patients who
had undergone lung or liver transplantation acquired
COVID-19, and this might explain why morbidity and
mortality were low in our study.

Our study has several limitations. First, the
investigation was done in a single center. Second,
of a total of 130 patients with CF followed at our
center, only 98 were included in the study. Third,
the restricted testing strategy adopted during the
first phase of the COVID-19 pandemic, with only
symptomatic patients being tested by PCR and limited
use of serological tests, might have resulted in an
underestimation of the infection rate, especially in the
general population. Fourth, our study represents the
situation in the first year of the COVID-19 pandemic,
before COVID-19 vaccination.

In conclusion, during the first year of the SARS-CoV-2
pandemic in southern Brazil, the cumulative incidence
rate of COVID-19 in CF patients was 17.3%, similar
to that observed for the general population (adjusted
for age), which was 18.5%. More than 50% of the CF
patients with SARS-CoV-2 infection had a mild clinical
presentation, without the need for hospital admission.
Almost the entire sample recovered completely from
the infection, the exception being 1 patient who had
advanced lung disease and who died.
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Functional status of hospitalized pediatric
patients with COVID-19 in southern Brazil: a
prospective cohort study

Giovana Morin Casassola'®, Caroline Jacoby Schmidt'®,
Guilherme Hoff Affeldt*®, Debora Sana Morais'
Leticia Kras Borges Alvarenga'®, Cristina Miller'®, Bruna Ziegler'

ABSTRACT

Objective: The present study aimed to assess the functional status of children diagnosed
with COVID-19 at the time of hospitalization and the associations with clinical features.
Methods: This prospective cohort study was carried out with children diagnosed with
COVID-19 admitted to a tertiary hospital. The patients’ functioning was assessed using
the pediatric Functional Status Scale (FSS). Results: A total of 62 children with a median
age of 3 years old were included in the study, and 70% had some comorbidity prior
to the diagnosis of COVID-19. The median length of stay was nine days, during which
period five patients died. The FSS assessment of the sample showed that approximately
55% had some functional alteration. The group of patients with the highest FSS
scores presented a lengthier hospital stay (p = 0.016), required more oxygen therapy
(p < 0.001), mechanical ventilation (p = 0.001), and intensive care unit admissions (p =
0.019), and had more cardiac (p = 0.007), neurological (p = 0.003), and respiratory (p =
0.013) comorbidities. In the multivariate analysis, there was an association between the
dependent variable length of stay and the total FSS score (f = 0.349, p = 0.004) and
the presence of comorbidities (f = 0.357, p = 0.004). Conclusions: \We observed that
more than half of the children hospitalized due to COVID-19 had some level of functional
change. Greater alterations in functional status were associated with the presence of
previous comorbidities, a greater need for ventilatory support, and longer hospital stays.

Keywords: COVID-19, coronavirus, pediatrics, physical functional performance, functional
status.
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INTRODUCTION changes caused by the disease. Thus, the assessment of
the functional status of patients with COVID-19 at the time

In November 2019, an outbreak of pneumonia of - o . -
of hospital admission could contribute to the screening of

unknown etiology began in Wuhan, China, which was

then identified as a new coronavirus, known as SARS-
CoV-2.42 The first cases of the disease in the pediatric
population appeared at the beginning of the pandemic.®

Most cases of this infection in the pediatric population are
asymptomatic or present with mild symptoms.©-> However,
the presence of previous comorbidities is a risk factor for
the development of severe disease.® Studies show that
half of the COVID-19 patients admitted to intensive care
units (ICU) and nearly 80% of those hospitalized had at
least one comorbidity prior to admission.*® Moreover,
approximately 46% of pediatric patients with COVID-19
require hospitalization, and around 10% require intensive
care; the mortality rate is 5.7%.G47®

COVID-19 has been shown to cause many aftereffects,
including impairment of respiratory and muscle functions,
reduced functionality, and difficulty performing daily
tasks.!0 These changes can manifest in children as loss
of motor milestones and delay in motor development (-2
Among the several professionals who work in the treatment
of COVID-19, physical therapists are involved in the
treatment, prevention, and rehabilitation of the functional

more critically ill patients and assist in physical therapy
during hospitalization.

Few studies analyze the functional profile of hospitalized
children with COVID-19. The pediatric population usually
shows mild symptoms of the disease, but children with
previous comorbidities are more likely to develop severe
cases of COVID-19, thus requiring hospitalization.
Therefore, the functional profile of these children must
be assessed to prepare the healthcare system for their
admission, as well as intensify preventive practices and
plan better physiotherapeutic strategies for adequate
treatment.

Thus, the aim of the present study was to verify the
prevalence of altered functioning in pediatric patients
diagnosed with COVID-19 admitted to the pediatric inpatient
unit of the Hospital de Clinicas de Porto Alegre (HCPA).

METHODS

A prospective cohort study was conducted in children
diagnosed with COVID-19 admitted to the HCPA from
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March 2020 to June 2021. This study was approved
by the Research Ethics Committee of the HCPA,
under Protocol No. 48189021400005327, according
to Resolution 466/2012 of the HCPA National Health
Council.

The collection of clinical and sociodemographic data
was performed with the aid of electronic medical
records, and the analyzed variables were: date of
hospital admission, ethnicity/skin color, sex, age,
weight, presence of comorbidities (cardiac, respiratory,
neurological, metabolic, and/or oncological), laboratory
tests (C-reactive protein, d-dimers, and lymphocyte,
leukocyte, and platelet counts), the need for ventilatory
support (oxygen therapy, non-invasive, high-flow nasal
cannula (HFNC), mechanical ventilation (NIV), and
invasive mechanical ventilation (MV)), functional status
assessed using the Functional Status Scale (FSS), the
severity of involvement by COVID-19 (Ordinal Scale
for Clinical Improvement), length of stay, and death.
The latter was defined as a patient who died for any
given reason.

Pediatric patients of either sex, aged less than
18 years old, with a positive result in the reverse
transcriptase polymerase chain reaction (RT-PCR) test
for SARS-CoV-2,31% who were hospitalized at the
HCPA were included in the study. Those who refused
to participate and cases of reinfection were excluded.

According to the institutional protocol for the
management of patients with COVID-19, individuals
with moderate to severe symptoms were hospitalized,
as well as patients with previous comorbidities due to
exacerbation of the underlying disease. Oxygen therapy
was indicated for patients with peripheral oxygen
saturation (Sp0,) < 93%, increased respiratory rate
(RR) according to age, and/or signs of respiratory effort.
In cases of SpO, < 93% with supplemental oxygen
therapy > 5 L/min without signs of multiple organ failure,
the use of an HFNC was indicated. NIV was indicated
for cases of hypoxemic respiratory failure without a
satisfactory response to oxygen therapy alone and/or
HFNC. Patients with hemodynamic instability requiring
vasoactive drugs, respiratory failure regardless of the
support provided in the ward, a need for invasive MV,
and other organic dysfunctions were transferred to
the ICU. The criteria for the use of invasive MV were:
severe acute respiratory syndrome, SpO, < 93%
using HFNC or N1V, PaO,/FiO, ratio < 200, and evident
signs of respiratory distress. The criteria for hospital
discharge were considered as the improvement of
SpO, and RR to baseline levels or acceptable limits,
with the stability of the patient’s condition, for at least
12 hours (ideally 24 hours).

The functionality of the patients was evaluated
using the pediatric FSS, which was translated and
validated for the Brazilian pediatric population.®* This
scale assesses the following domains: mental status,
sensory functioning, communication, motor functioning,
feeding, and respiratory status. Each domain receives a
final score ranging from 1 to 5, where 1 is considered
“normal” and 5, “very severe dysfunction.” The total
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scores ranged from 6 to 30, in which the results could
be categorized as adequate functionality (6-7 points),
mild dysfunction (8-9 points), moderate dysfunction
(10-15 points), severe dysfunction (16-21 points), and
very severe dysfunction (22-30 points).(*>®) These data
were collected from the physical therapy evaluations
recorded in the electronic medical records of the study
patients at the time of hospitalization. The evaluation
of functional status is part of the standard assessment
of the hospital’s physical therapy service and is always
performed within the first 24 hours of hospitalization.
Prior to the beginning of the study, all the physical
therapists involved underwent specific training.

The severity of COVID-19 was classified using the
World Health Organization (WHO)'s Ordinal Scale
for Clinical Improvement.*”) This scale has domains
ranging from 0 to 8 points, in which the results can
be categorized as not infected (0 points), outpatient
follow-up (1-2 points), hospitalization with mild disease
(3-4 points), hospitalization with severe disease (5-7
points), and death (8 points).

Functional status was also evaluated using the
Lansky scale,*® intended for individuals under 16
years of age, in which the patient’s performance
and well-being are assessed, including their ability
to perform daily activities and functional capacity.
The score on an ordinal scale ranges from 10 to 100,
where 10 represents a child who does not get out of
bed, and 100, a child who is fully active.

The sample size was calculated using the online
version of the PSS Health tool.(*> The mean FSS score
was estimated with a 2.5-point absolute margin of error
and a 95% confidence level. Based on an expected
FSS standard deviation (SD) of 8.9 points® (estimated
from the interquartile range), the sample size was
defined as 52 subjects. Considering 15% of losses, a
total of 62 individuals were recruited.

All variables were expressed as number of cases
(proportion), median, and interquartile range (IQR)
(25 percentile and 75 percentile). The Shapiro-Wilk
test was used to assess the normality of continuous
variables. The individuals were classified into two groups
for analysis: FSS score < 9 points and FSS score > 10
points. Non-parametric comparisons between groups
were conducted using the Mann-Whitney U test.
Spearman’s correlation analysis (non-parametric data)
was used for correlations between the global FSS score
and other clinical variables. Univariate and multivariate
linear regression were performed, considering the
logarithm of length of stay as the dependent variable
since it had asymmetric distribution. All data were
stored in a Microsoft Office Excel 2019 spreadsheet
and analyzed using the Statistical Package for the
Social Sciences (SPSS), version 18.0, adopting a 5%
statistical significance level (p < 0.05).

RESULTS

A total of 62 unvaccinated children diagnosed with
COVID-19 were included in the study, 39 (62.9%) of
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whom were male and with a median age of 3 years old
(0.4-10). Approximately 70% (n = 43) of the patients
already had some comorbidity prior to the diagnosis of
COVID-19. Around 8% were diagnosed with COVID-19
at the time of admission due to the underlying pathology
and were asymptomatic. The median length of stay of
patients was nine days (5-23); 26 patients required
ventilatory support during hospitalization (41.9%),
and five died (8.1%). The sample characterization
data are shown in Table 1.

Table 2 shows the comparison between the groups of
patients with FSS < 9 points (preserved functionality
or mild dysfunction) and FSS > 10 points (moderate,
severe, or very severe dysfunction). The group of
patients with FSS > 10 points had a longer hospital
stay (p = 0.016), required more oxygen therapy (p <
0.001) and mechanical ventilation (p = 0.001), more
admissions to the ICU (p = 0.019), and presented
more cardiac (p = 0.007), neurological (p = 0.003),
and respiratory (p = 0.013) comorbidities than children
with FSS < 9 points.

We found a moderately significant and positive
correlation between the total FSS score and the length
of hospital stay (r = 0.607, p < 0.001) and the severity
of COVID-19 (r = 0.575, p < 0.001). The FSS score
was also inversely correlated with the Lansky scale
score (r = -0.664, p < 0.001).

Only 11 children in this sample required invasive
mechanical ventilation and, consequently, used sedative
analgesics and/or neuromuscular blockers. However,
the functionality scale was evaluated in the first 24
hours of hospitalization, when the patients had not
yet received invasive mechanical ventilation, showing
no interference in the initial functionality assessment.

The univariate and multivariate linear regression
data considering the dependent variable logarithm of
length of stay are shown in Table 3.

DISCUSSION

In this study, we report the prevalence of functional
changes in pediatric patients hospitalized with COVID-19
in a hospital in southern Brazil. In our sample, 69.4%
of the patients had some comorbidity prior to COVID-19
diagnosis. The assessment via pediatric FSS showed
that 53.2% of the individuals had some change in
functioning, with 27.4% presenting moderate to very
severe alterations. In the stratification of our data,
patients with FSS > 10 points had a higher prevalence
of previous comorbidities (respiratory, neurological,
cardiac, and metabolic), longer hospital stays, and
required more ventilatory support and ICU admissions
than those with FSS < 9 points. In the correlation
analysis, we observed a moderately significant and
positive correlation of the total FSS score, the length
of hospital stay, and the severity of COVID-19, and an
inverse correlation with the Lansky scale score. The
univariate analysis showed a significant association
of length of stay, the FSS score, the presence of
comorbidities, the Lansky scale score, and the severity

of COVID-19. The multivariate analysis showed a
significant association of length of stay, the FSS score,
and the presence of comorbidities.

According to our data, the patients with greater
functional changes (FSS > 10 points) were the ones
with the most comorbidities (83.3%). The presence
of comorbidities is a risk factor for the development
of more severe forms of the disease.® The study by
Woodruff et al. (2022)?% corroborates our findings by
demonstrating that more than 50% of pediatric patients
hospitalized with COVID-19 had at least one comorbidity
prior to hospital admission. As observed herein, cardiac,
respiratory, oncological, and neurological comorbidities
are the most prevalent in the literature.?*??

Most of the evaluated sample had at least one
comorbidity before the diagnosis and hospitalization for
COVID-19. Despite no prior assessment, the changes
in functionality found at hospital admission may relate
to the presence of previous comorbidities. Other
studies suggest that patients with chronic diseases
have impaired functioning, motor performance,
and independence.(?3?% Kolman et al. (2018)%
demonstrated that functional status and mobility are
predictors of health and quality of life in neurological
patients.

Our study showed that the group of patients with
FSS > 10 points had a longer duration of hospital
stay. The length of stay at the hospital relates to
the presence of previous chronic pathologies, as
patients with comorbidities require more healthcare
assistance.® According to the literature, the length
of hospital stay in pediatric patients with COVID-19

Table 1. Characterization of the individuals hospitalized
with COVID-19.

Characteristics n = 62
Male 39 (62.9%)
White 51 (82.3%)
Age (years) 3.0 (0.4-10)
Sp0O, admission 98.5 (96-100)
Fi0, admission 21 (21-21)
Length of Stay (days) 9 (5-23)
Comorbidities 43 (69.4%)
Asymptomatic 5 (8.1%)
Ventilatory Support 26 (41.9%)

Functional Status Scale
Adequate Functionality 28 (45.2%)
Mild Dysfunction 6 (25.8%)
Moderate Dysfunction 4 (22.6%)
Severe Dysfunction 1 (1.6%)
Very Severe Dysfunction 2 (3.2%)

Ordinal Scale for Clinical 4 (3-5)
Improvement (points)

Lansky Scale (points) 70 (40-85)
Deaths 5 (8.1%)

Data were expressed as n (%) or median (25 percentile
-75 percentile). n = number of cases; SpO, = oxygen
saturation; FiO, = fraction of inspired oxygen.
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Table 2. Comparison of the sample of pediatric individuals hospitalized with COVID-19 according to the presence of

changes in functionality by the FSS.

Characteristics FSS =< 9 points
= 44
Male 26 (59.1%)
Weight (kg) 12,1 (6.4-36)
Age (years) 2 (0.4-10)
SpO, admission, % 99 (97-100)
FiO, admission, % 21 (21-21)
Pa0,/Fi0, admission 161.5 (94.5-288.1)
Length of Stay (days) 7.5 (5-14)
Comorbidities 28 (63.6%)
Cardiac Comorbidity 1(2.3%)
Respiratory Comorbidity 5 (11.4%)
Neurological Comorbidity 4(9.1%)
Metabolic Comorbidity 6 (13.6%)
Oncological Comorbidity 11 (25%)
Immunosuppression 7 (15.9%)
Tracheostomy 0 (0%)
Ventilatory Support
Oxygen Therapy 17 (38.6%)
HFNC 7 (15.9%)
NIV 3 (6.8%)
MV 3 (6.8%)
ICU admission 11 (25%)
Clinical laboratory tests
CRP 13.8 (1.8-54.9)
D-dimers 1.4 (0.6-2.2)
Lymphocytes 3.4 (1.9-6.4)
Leukocytes 9 (5.5-11.7)
Platelets 289 (192-418)
Deaths 3 (6.8%)

FSS = 10 points

=17
13 (76.5%) 0.562
11.88 (6.9-21.9) 0.794
2.5 (0.4-9) 0.924
98 (94-100) 0.487
21 (21-28) 0.122
109.9 (72.8-173.2) 0.346
21.5 (7-40) 0.016
15 (88.2%) 0.265

5 (29.4%) 0.007

8 (47.1%) 0.013

8 (47.1%) 0.003

5 (29.4%) 0.275
1(5.9%) 0.089
1(5.9%) 0.417

4 (23.5%) 0.006

17 (100%) <0.001

6 (35.3%) 0.176

4 (23.5%) 0.180

8 (47.1%) 0.001

11 (64.7%) 0.019
41.1 (7.3-112.9) 0.328
1(0.6-3.6) 0.957
2.1(0.8-3.1) 0.144
7.8 (5.6-11.7) 0.816
229 (143-326) 0.337
2 (11.8%) 0.616

Data were expressed as n (%) or median (25 percentile - 75 percentile). FSS = Functional Status Scale; n =
number of cases; kg = kilograms; SpO, = oxygen saturation; FiO, = fraction of inspired oxygen; PaO, = oxygen
blood pressure; HFNC = high-flow nasal cannula; NVI = non-invasive ventilation; MV = mechanical ventilation; ICU

= intensive care unit; CRP = C-reactive protein.

Table 3. Univariate and multivariate linear regression analyses considering the dependent variable length of stay

(logarithm).
Characteristics

FSS, points 0.397
Comorbidities 0.404
Lansky scale, points -0.406

Ordinal Scale for Clinical Improvement, points  0.327

Univariate

0.036-0.159  0.002  0.349
0.313-1.323  0.002  0.357
-0.024-0.006  0.002
0.055-0.460 0.014

Multivariate

Cl Cl

0.028-0.143 0.004
0.246-1.200 0.004

B = linear regression coefficient; CI = confidence interval.

ranges from 1 to 20 days and shows less than 35%
presence of comorbidities.?”-?®) The longer length of
stay in our study may be due to the higher prevalence
of comorbidities and the complexity of our sample.

The study by Pollack et al., in 2009,®) evidenced that
higher FSS scores at the time of hospital admission
correlate with longer hospital stays and increased use
of mechanical ventilation. In addition, patients with
higher scores at discharge tend to have worse clinical
outcomes in the subsequent three years.G® Thus,

J Bras Pneumol. 2022;48(6):e20220153

the assessment of the functional status of pediatric
patients with COVID-19 during hospitalization can be
considered a useful instrument that can assist in the
physical therapy of groups at higher risk.

The group of children with FSS > 10 points required
more oxygen therapy, high-flow nasal cannula support,
non-invasive mechanical ventilation, and invasive
mechanical ventilation. Similar to other studies, few
cases of children have progressed to the severe form
of COVID-19. However, the presence of comorbidities
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is an incisive factor and is present in most patients who
require ventilatory support and ICU hospitalization 31-3%

The role of COVID-19 in the functional changes of
children remains unclear, as many children had previous
comorbidities that contributed to such alterations.
The need for ICU admission can also be associated
with comorbidities and complex medical histories.*
COVID-19 can exacerbate a coexisting chronic disease
or be an additional factor in a patient’s severe clinical
course, as well as alter their functionality. Therefore,
the influence of comorbidities and SARS-CoV-2 infection
on the clinical outcome may be combined.®

This study prospectively evaluated hospitalized children
diagnosed with COVID-19 for one year and four months.
It was conducted at a single center, which may limit the
generalization of its findings to different populations.
Additional studies are necessary to identify long-term
outcomes, as are multicenter studies involving larger
sample sizes. We did not assess the use of medications
due to the heterogeneity of the analyzed sample. This
can be considered a limitation of the study, as some
drugs can influence some domains of the functional
status scale. Despite these limitations, our study is
one of the pioneers in the evaluation of the functioning
of pediatric patients diagnosed and hospitalized with
COVID-19 in Brazil.

In conclusion, functional changes were found in
approximately 53% of the pediatric patients hospitalized
with COVID-19 in a hospital in southern Brazil. Greater
alterations in functional status were associated with
the presence of previous comorbidities, greater need
for ventilatory support, and longer hospital stays.
The FSS is essential to assess the functional status of
pediatric patients hospitalized with COVID-19 since it is
validated for the Brazilian population, simple to apply,
and crucial to assist in physical therapy management.
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Risk prediction for Obstructive Sleep Apnea
prognostic in Obese patients referred for
bariatric surgery
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ABSTRACT

Objectives: (i) To assess the anthropometric measurements, along with the clinical
characteristics and quality of life profiles of the studied patients; (i) To determine the
occurrence and severity of Obstructive Sleep Apnea (OSA), using polysomnography;
and (iii) To identify the best anthropometric and clinical indicators to predict OSA in obese
patients who are candidates for bariatric surgery. Methods: a prospective observational
study conducted in a private clinic, using consecutive sampling of patients eligible
for bariatric surgery with a BMI > 40, or with a BMI of > 35 kg/m? accompanied by
comorbidities associated with obesity. Results: Sixty patients were initially selected,
of whom 46 agreed to take part in the preoperative evaluation. OSA was observed in
76% of patients, 59% of whom had moderate-to-severe OSA, with a predominance of
men in these groups. Among the variables suggesting statistical difference between
groups, waist-to-hip ratio (WHR) was the only clinical factor associated with scores the
apnea hypopnea index (AHI) = 15, with a cut-off value of 0.95. The results showed
that patients scoring above 0.95 are three times more likely to have moderate-to-severe
apnea. Conclusion: The best risk factor for the prognostic of moderate-to-severe OSA
was presenting a WHR score with a cut-off value of 0.95 or above.
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INTRODUCTION

Obesity is considered one of the top ten public health
problems in the world by the World Health Organization
(WHO), and it is described as an increasingly frequent
disease, with its prevalence tripling in the last 40 years,
affecting around 13% of the world’s adult population,
and 18.9% of adults in Brazil.(*?

This rise in the occurrence of obesity is related to an
increase of other comorbidities, including the obstructive
sleep apnea (OSA), presenting a well-established causal
association. Obesity and OSA are exceptionally common health
problems, characterized by the disturbance of glucose
homeostasis, insulin resistance, hypercholesterolemia
and hyperlipidemia®-®- OSA is strongly associated with
visceral adiposity, and both conditions are related to
cardiovascular as well as with metabolic complications.:®
In an epidemiological study (EPISONO) conducted with
a representative sample comprised of adults from the
capital of Sdo Paulo, Brazil, OSA was found in 32.8% of
the target population.®

Among the various therapeutic options for patients with
severe obesity, the metabolic and bariatric surgery (MBS)
is a both restrictive and malabsorptive procedure, and it

can lead to significant weight loss as well as modulate
the patient’s metabolic profile.(:®) Several studies have
shown that the prevalence of OSA in individuals who
are candidates for MBS is higher than in the general
population*-13- However, it is not known whether
the occurrence of OSA in a population composed of
predominantly young individuals seeking this type of
private treatment in Sdo Paulo differs from that described
in the literature regarding the general population.

Although polysomnography (PSG) is the gold standard
test for diagnosing OSA®% in clinical practice, it is not
always possible to apply it to all subjects, either because
of the cost, or the availability of services able to perform
a high-quality PSG test. Thus, it is necessary to gather
clinical and anthropometric data for patient stratification
regarding high risk of OSA, for the referral of PSG. In
the reviewed literature, no measures or criteria that
could meet this objective have been described as
yet. That being said, neck and abdominal circumference
measurements as well as waist-to-hip ratio have been
suggested in previous studies as assessment strategies
alternative to using only BMI, but without determining
a specific cut-off value for this purpose.©>-17) Although
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there are already numerous studies addressing the
prevalence of Obstructive Sleep Apnea in bariatric
surgery candidates, the main attribute that differs
this study from others is that it objectively defines
anthropometric measures easily obtained during clinical
evaluation, establishing a cut-off point in order to define
who should be referred for polysomnography. Other
studies lack this objectivity and clarity.

Therefore, the present study of obese patients eligible
for MBS intervention in a private clinic aimed to (i)
Assess the anthropometric measurements, along with
the clinical characteristics, and quality of life profiles
of these patients; (ii) Determine the occurrence and
severity of OSA using polysomnography; and to (iii)
Identify the best anthropometric and clinical indicators
to predict OSA in obese subjects.

METHODS

To achieve the aforementioned proposed objectives,
a prospective observational study was carried out from
June 2015 to October 2018, using consecutive sampling
of patients eligible for bariatric and metabolic surgery
in a private clinic Gastro Obeso Center in the city of
Sao Paulo, Brazil (GOB) with a diagnosis of obesity and
a BMI > 40, or a BMI of = 35 kg/m?2 accompanied by
comorbidities associated with obesity. The present study
was approved by the Ethics and Research Committee
of the Federal University of Sao Paulo (Universidade
Federal de S3o Paulo), under No. 503.590, approved
on: 12/20/2013, with the Certificate of Presentation for
Ethical Consideration (CAAE, acronym in Portuguese)
number: 18258413.4.0000.5505.

The inclusion criteria for the study were: patients
diagnosed with obesity referred for metabolic and
bariatric surgery, being over 18 years old, being of
either sex, having a body mass index (BMI) > 40,
or > 35 kg/m2 with associated comorbidities, and
agreeing to participate in the study by signing an
informed consent form.

The exclusion criteria were: individuals with sleep
deprivation (<4 hours/night); with psychiatric disorders
that could hinder the participation in the tests; with
insomnia; being diagnosed alcoholics; working in shifts;
patients using neuroleptic and hypnotic drugs; having
decompensated clinical diseases; individuals with learning
disorders unable to complete the questionnaires; having
movement disorders (neuromuscular, rheumatic or
orthopedic diseases), since questionnaires concerning
quality of life refer to movement skills; and patients
undergoing OSA treatment.

The clinical evaluation consisted of a physical
examination, which assessed the patients’ anthropometric
characteristics, general health status and comorbidities. A
review of the patient’s medical record was also carried
out in order to obtain information along with a full
abdominal ultrasound.

J Bras Pneumol. 2022;48(6):e20210360

For the classification of the nutritional status, the body
mass index (BMI) was calculated in kg/m? . Abdominal
and hip circumference were assessed using a tape
measure with the undressed patient in an upright
position, measured at the level of the umbilicus and at
the largest part of the hip, respectively. This data was
then used to calculate the waist-to-hip ratio (WHR). Neck
circumference was measured using a horizontal line at
the middle point of the thyroid cartilage.>'7

As for the soft tissues, the palatine tonsils were
measured and the modified Mallampati classification
was evaluated.®®

The Epworth Sleepiness Scale (ESS) is a subjective
assessment of excessive daytime sleepiness (EDS).(192%)
The maximum score is 24 points, and patients with
a score greater than or equal to 10 were considered
somnolent.

The Berlin Questionnaire contains questions about
sleep, snoring, the presence of respiratory pauses,
daytime sleepiness, BMI as well as about systemic
arterial hypertension, and the answers obtained were
used to classify the patients’ risk of OSA.(21-23)

The Functional Outcomes of Sleep Questionnaire
(FOSQ) test measures quality of life and is designed
specifically for people with sleep disorders.?" The
results allow health professionals to analyze how therapy
would improve the patient’s quality of life related to
sleep. By completing the questionnaire periodically,
the patients provided important information about the
treatment effectiveness.

The Medical Outcomes Short-Form Health Survey
(SF-36) is a multidimensional questionnaire comprising
36 items, in 8 scales or components: functional capacity
(10 items), physical aspects (4 items), pain (2 items),
general health status (5 items), vitality (4 items), social
aspects (2 items), emotional aspects (3 items), mental
health (5 items), as well as one question related to a
comparative assessment between current and previous
health conditions. It assesses both negative (disease or
iliness) and positive aspects of health (well-being).

Full-night PSG was performed before and at
least three months after the operation at the XX
Institute, (XXX) using a digital polysomnography
(Embla O N7000, Embla Systems, Inc., Broomfield,
CO, USA). Surface electrodes were used to record a
electroencephalography (EEG) (C3-A2, C4-A1, 02-A1,
01-A2); a chin and anterior tibialis electromyography; a
bilateral electrooculogram and an electrocardiography
(modified lead V1). Breathing was monitored with a
nasal cannula with flow measurement using a pressure
transducer along with a thermistor, and respiratory
effort was assessed by inductance plethysmography
of the chest and abdomen.

Pulse oximetry was used to measure oxygen
saturation. Body position was evaluated by placing a
sensor over the region of the sternum bone. A tracheal
microphone allowed for the snoring to be recorded.
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Sleep staging, respiratory events, arousals and periodic
limb movements were assessed using the criteria of
the American Academy of Sleep Medicine (AASM)t%),
both apneas and hypopneas scores were evaluated
according to the recommended protocols of the
American Academy of Sleep Medicine.(*4:2¢)

The following parameters were obtained: sleep
latency in minutes; REM sleep latency in minutes; total
recording time (TTR) in minutes; total sleep time (TST)
in minutes; sleep efficiency; sleep stages (0, 1, 2, 3
and REM) calculated as a percentage of TST; humber
of microarousal and arousal index (AI) (per hour of
sleep); respiratory events (apneas and hypopneas, and
arousals related to respiratory effort); oxyhemoglobin
saturation in percentage (baseline, average, minimum
and percentage of total recording time with SpO,
<90%); oxyhemoglobin desaturation index, REM
sleep desaturation index, non-REM sleep desaturation
index; where the oxygen desaturation Index (ODI)
= total number of desaturations/total sleep time
(min) x 60.

The sample calculation was made using the G Power
software and was based on previous data from a pilot
study with an effect size of f: 0.25 (F Test Manova),
and p <0.05, as well as an observed power of 0.90
for comparison of baseline AHI score between the
four groups, as described in the polysomnographic
evaluation: i) without OSA ii) with mild OSA (=5-15)
iii) with moderate OSA (> 15-30) iv) with severe OSA
(> 30). Thus, the sample size required was estimated
to be n = 40 volunteers, with the assumption of a
20% sample loss, amounting to a required sample of
n = 48 volunteers).

The statistical analysis was performed using the SPSS
software (IBM, SPSS Statistics for Windows, Version
21.0. Armonk, NY: IBM Corp.). To verify the normality
of the continuous variables, the Kolmogorov-Smirnov
test was used. The z-score was used to standardize
data that did not follow the normal distribution curve.

For the characterization of the studied groups, a
descriptive analysis was applied (mean + standard
deviations). For the polysomnographic variables analysis
and the questionnaires, the univariate General Linear
Model (GLM) was used to compare the groups. The
categorical data analysis was performed using the
Chi-square test and, when necessary, the Fisher’s test.

The significance level adopted for the study was a <
0.05. The receiver operating characteristic (ROC) curve
was explored and constructed in order to establish
cut-off points for anthropometric measurements as risk
prediction of OSA prognosis (considering an AHI > 15).

RESULTS

Sixty patients were initially selected, 46 of whom
agreed to take part in the preoperative evaluation (ten
did not want to undergo the medical examination, three

did not meet the inclusion criteria due to the absence
of comorbidities associated with a BMI bellow 40,
and one was excluded due to the use of neuroleptics.

In our sample, OSA was observed in 76% of
patients, 17% with mild apnea, 24% with moderate,
and 35% with severe. Table 1 shows the descriptive
data of the sample with the comparison of the four
groups: The severe group had the highest values of
waist circumference(p=0.008), WHR (p=0.03), EDS
(p=0.04), highest percentage risk of apnea (p=0.009),as
well as a greater association with hepatic steatosis
(p=0.04) and arterial hypertension (p=0.009). The mild
OSA group presented a higher prevalence of women.

Table 2 shows the comparison between the
polysomnographic variables among the four groups:
without OSA, and groups with OSA (mild, moderate
and severe). In the evaluation of the apnea hypopnea
index (AHI), as expected, there were significant
differences between the groups, as this variable was
the classification criterion for patient stratification
(p<0.001) (Table 2).

In the evaluation of sleep stages, there was a
statistical significance only in the N1 stage, with a
statistical difference between the groups, the highest
percentage seen in the severe OSA group, which
also showed a higher rate of arousals (p<0.001).
The severe OSA group also showed greater values
for supine AHI, REM AHI, NREM AHI, followed by the
moderate OSA group (p<0.001). In the assessment of
the mean (p=0.002), the baseline (p=0.03) and the
minimum SpO, (p=0.001), as shown in Table 2, the
severe OSA group showed lower levels of saturation.
In the evaluation of SpO, <90%, a higher percentage
of desaturation was found in the severe OSA group,
when compared with the other groups(p<0.001). In
the assessment of the desaturation index regarding
REM, non-REM and oxygen desaturation index (ODI),
the severe OSA group had higher rates, followed by
the moderate OSA group (p<0.001)

When exploring the total sample of obese patients
with OSA (moderate-to-severe category, AHI > 15),
and based on a preliminary analysis of the descriptive
data, the variables identified a statistical difference
between groups, namely: somnolence (ESS), abdominal
circumference, and WHR (see Table 1). When exploring
these variables as risk factors of AHI > 15, we analyzed
the anthropometric variables and identified WHR as
the best indicator, with an area under the curve of
0.77 (p = 0.02) with a cut-off value of 0.95. Another
strong risk prediction for OSA prognostic investigated
was neck circumference (AUC:0.59, p:0.30), but it
was not considered a significant factor. (Figure 1).
Figure 1 depicts the WHR as a predictor variable of
moderate-to-severe OSA.

Figure 2 shows the comparison of WHR between the
groups: “without OSA + mild” and “moderate + severe”.
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Table 1. Descriptive data of the sample.

Variables Total Without OSA Mild OSA Moderate Severe OSA

(n =46) (n=11) (n=38) OSA (n=11) (n=16)
Age (years) 39+9 32+7 40+ 10 37+7 40+9 0.07
Female Gender 26 (56.5%) 7 (63.6%) 8 (100%) = 5 (45.5%) 6 (37.5%) 0.02 "
Weight (kg) 120.0 £ 2.5 115.0 + 15.0 110.0 + 12.8 112.0 £ 23.0 130.5 + 22.0 0.11
Height (m) 1.6 £ 8.0 1.6 £ 9.0 1.6 £ 5.0 1.6 + 10.0 1.7+6.5 0.06
WHR 0.90 + 0.08 0.90 + 0.06 0.85+0.09 * 0.93 +0.08 0.95 + 0.08 0.03 *
WC (cm) 123.0 £ 13.6 117.0£7.6 % 1155+ 6.0 * 118.0 + 12.0 130.0 £ 14.0  0.008 *
CC (cm) 38.0 £ 4.0 39.0+3.0 35.9 +3.6 38.0 + 4.0 40.0 + 4.0 0.11
BMI (kg/m) 42.0+5.0 41.0+5.0 41.0+ 4.0 40.8 £ 5.5 43.0+5.0 0.54
Modified Mallampati Classification
Grade 2 11 (23.9%) 5 (45.4%) 3 (27.3%) 1(9.1%) 2 (18.2%)
Grade 3 22 (47.8%) 4 (18.2%) 5 (22.7%) 7 (31.8%) 6 (27.3%) 0.07
Grade 4 13 (28.3%) 2 (15.5%) 0 (0%) 3 (23.0%) 8 (61.5%)
Tonsils
Grade 1 41 (89.1%) 11 (26.8%) 7 (17.1%) 10 (24.4%) 13 (31.7%) o
Grade 2 5 (10.9%) 0 (0%) 1 (20.0%) 1 (20.0%) 3 (60.0%)
SAH
Yes 15 (32.6%) 1(6.7%) 0 (0%) " 5 (33.3%) 9 (60.0%) 0.009 *
DM2
Yes 4 (8.7%) 0 (0%) 0 (0%) 1 (25.0%) 3 (75.0%) 0.27
DLP
Yes 7 (15.1%) 1 (14.3%) 2 (28.6%) 1 (14.3%) 3 (42.8%) 0.70
Hypothyroidism
Yes 5 (10.9%) 0 (0%) 1 (20.0%) 2 (40.0%) 2 (40.0%) 0.56
Hepatic steatosis
Yes 38 (82.6%) 6 (15.8%) 7 (18.4%) 10 (26.3%) 15 (39.5%) * 0.04 "
Questionnaires
ESS 13.0+ 4.2 8.3+23°% 12.0+3.7 12.4+5.2 14.7 £ 3.6 0.04 %
Berlin
(Risk of OSA) 32 (69.6%) 2 (6.3%) 4 (12.5%) 10 (31.2%) 16 (50.0%) =  0.009 *
Quality of life
SF-36 total 39.9 £15.5 43.0+17.5 39.5+19.6 32.5+70 44.0 + 15.0 0.22
Total FOSQ 14.0 £ 3.0 14.7 £ 4.0 14.33.0 15.0£ 2.0 14.0 £ 4.0 0.96

WC: waist circumference; CC: cervical circumference; WHR: waist-to-hip ratio; ESS: Epworth Sleepiness Score; SAH:
systemic arterial hypertension; DM2: type 2 diabetes mellitus; DLP: dyslipidemia, SF36: Short-Form Health Survey;
FOSQ: Functional Outcomes of Sleep Questionnaire (FOSQ); BMI: Bone Mass Index.

WHR: * mild vs severe , p = 0.02; Abdominal circumference : A without OSA vs severe, p = 0.03; * mild vs severe,
p = 0.02 ; ESS: A group without OSA vs severe, p = 0.002; Gender: x intra group statistical difference mild OSA:
female (8) vs. male (0); Berlin: = intra group statistical difference severe OSA, yes (n: 16) vs no (n: 1); Hepatic
steatosis: x intra group statistical difference severe OSA group, yes (n: 15) vs no (n: 1); SAH: * statistical
difference between severe OSA group, yes (n: 9) vs mild OSA (n: 0).

Chi Square/Fisher test; p <0.05; Univariate GLM test.

In Table 3 indicates that, when evaluating WHR In table 4, a PPV of WHR demonstrated that 83%
in patients with moderate-to-severe OSA (AHI> 15  of patients with WHR > 0.95 have OSA (AHI>15),
events/h), 57% of subjects with AHI> 15 presented  with diagnostic accuracy of 66%. Table 4 shows the
altered WHR (> 0.95) (true positive), and 19% of likelihood ratio of variables, being either a positive
volunteers with mild OSA or without OSA (AHI <15)  test (WHR > 0.95 in the sample with AHI> 15) or a
presented WHR> 0.95 (false positive). negative test (WHR <0.95 in the sample with AHI> 15).
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Table 2. Comparison of polysomnography between groups.
Total Without OSA  Mild OSA Moderate Severe OSA

Variables (n = 46) (n=11) (n=8  OSA(n=11)  (n=16)

Sleep efficiency 82.6 + 10.2 83.7£9.6 86.0 + 13.3 79.4 £ 14.6 83.4+3.8 0.70
TST 341.3 + 62.2 366.7 + 79.0 329.0 + 64.6 318.0 + 70.0 346.0 + 35.4 0.29

N1 12.4+11.0 11.3+13.3 8.2+4.9 7.6+29° 18.6 + 13.0 0.05°
N2 51.8+7.2 49.4+8.9 52.5+7.3 51.5 + 4.0 53.4+7.8 0.56

N3 18.6 + 9.0 21.5+9.3 21.0£5.6 21.4+6.6 13.5+10.3 0.13
REM 17.0 + 6.7 17.8 + 8.6 18.2+5.4 19.5+5.8 14.5+ 6.0 0.24

Al 25.7 £23.1 14.2 + 15.22 12.8+8.1* 12.5 + 5.0° 49.2 +22.2 <0.001 4%
AHI 30.0 + 30.5 2.2+1.344% 10.0+3.0* 214+ 4.4 65.1+£29.9  <0.0012*°#
AHI REM 39.2 £26.7 7.4+841%%  22.0+£9.1"° 47.7 £ 17.9 62.0£19.0  <0.0012*+#
AHI NREM 30.4 + 40.4 1.3+1.0% 7.6+4.7"° 14.9+52° 72.4 + 43.6 <0.0014*°
AHI Supine 31.3+£31.9 2.7 +1.92%% 12.2+11.8* 27.7 + 8.6° 65.8 +30.0 <0.001 2°¢#
AHI Non supine 7.2+11.5 2.2+438 1.2+2.1 6.8+7.5 14.6 + 16.5 0.08
Basal SpO, 94.3 +2.1 95.4+1.2% 94.5 +1.5 94.9 +2.0 93.2+2.5 0.034
Mean SpO, 92.2+2.4 94.3+0.82 92.9+1.0* 93.1+1.7° 89.8 + 4.6 0.002 4¢ *
Min SpO, 81.1£9.8 87.9 £3.44 85.7+3.0* 80.0£9.5 74.9 £ 11.3 0.001 4 *
Sp0, <90% 12.2+21.8 0.5+0.8% 3.8£7.2* 4.4+5.0° 29.9+29.4 <0.001 4"
Desat ind REM 32.8 £+ 24.0 7.0+7.32%% 20.6 £+9.5** 42.6 + 10.0 52.5+22.4  <0.0012"¢#
Desat ind NREM 21.5+27.6 1.00 + 0.99 2 5.6 +4.1* 16.0+7.2° 49.9 +30.2 <0.001 2*°
ODI 28.4+31.0 2.1+1.0 8.6 + 3.0 21.7+8.3° 61.0 + 30.7 <0.001 4"

N1: sleep stage 1; N2: sleep stage 2; N3: sleep stage 3; REM: rapid eye movement; Al: Arousal index; SpO,:
saturation; SpO, min: Minimum saturation; Desat ind: Desaturation index; ODI: oxygen desaturation index = total
number of desaturations/total sleep time (min) x 60.

Statistical differences between groups: A Without OSA vs severe OSA; # Without OSA vs moderate; * OSA mild
vs severe OSA; * moderate OSA vs mild OSA; ¢ moderate OSA vs severe OSA; N1: © p = 0.05; Arousal: A, p
<0.001; *, p <0.001; ° p <0.001; AHI: A p <0.001; * p <0.001; ¢p <0.001; # p: 0.02; Average saturation: A p:
0.002; ¢ p: 0.04; Basal saturation: A p: 0.04; Minimum saturation: A p: 0.002; * p: 0.02; Sat <90: A p: 0.001; *
p: 0.01; ¢ p: 0.005; Supine AHI: A p <0.001; *, p <0.001; ¢ p <0.001; REM desaturation index: A, p <0.001; *
p <0.001; * p: 0.03; NREM desat index: A p <0.001; * p <0.001 *; ¢ p: 0.001; ODI: A p <0.001; * <0.001; ¢ p
<0.001; AHI REM: A, p <0.001; * p <0.001; * p: 0.005; AHI NREM: A p <0.001; * p <0.001; ¢ p <0.001.
Univariate GLM test, p <0.05 * Bonferroni post hoc.

1.0 1.0
0.81 0.81
20.64 20.64
2 2
2 2
& 0.4 & 0.4
0.2 0.24
0.0 AUC:0.77 p:0.02* 0.0 AUC:0.59 p:0.30
0.0 02 04 06 08 1.0 0.0 02 04 06 08 1.0
1 - Specificity 1 - Specificity
Waist Hip Ratio (WHR) Cervical circumference

ROC Curve Analysis_WHR as a predictive variable of moderate and severe OSA

Figure 1. ROC Curve Analysis_WHR as a predictive variable of moderate and severe OSA.
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p=0.01*
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L T Mean+SE

0.84 L
Non OSA+ Mild OSA

Univariated General Linear Model, *p<0.005

Moderate+Severe OSA

Figure 2. Comparison of WHR in patients with different severities of OSA. Univariated General Linear Model.

Table 3. Evaluation of association between WHR and moderate -to-severe OSA.

AHI <15
WHR <0.95 13 (81.3%)
WHR> 0.95 3 (18.7%) **

AHI> 15 Total***
11 (42.3%) ** 24
15 (57.7%) 18

WHR: waist-to-hip ratio. Fisher’s exact test. **difference between OSA groups, p<0.01; ***4 missing - WHR.

Table 4. Likelihood ratios of positive and negative test in AHI>15 events/h samples.

Variable Sens. Sp. NPP PPV LR (+) LR (-) Accuracy
WHR 57% 81% 54% 83% 3.07 0.52 66%
ESS 88% 76% 90% 72% 2.44 0.18 73%
Abdominal Circumference 33% 65% 33% 67% 0.95 1.02 54%
Neck Circumference 77% 37% 80% 33% 1.24 0.59 68%

WHR: waist-to-hip ratio; ESS: Epworth Scale Somnolence; Sens. = sensitivity; Sp. = Specificity; NPP = negative
predictive value; PPV = positive predictive value; LR(+) = positive likelihood ration; LR(-) = negative likelihood ratio.

DISCUSSION

In summary, the analysis of a sample of patients
referred to a private clinic for MBS intervention allowed
us to conclude that there was a predominance of young
morbidly obese women, with an increased daytime
somnolence, higher visceral fat and waist-to-hip-ratio
(WHR). Among the most frequent comorbidities found
were the systemic arterial hypertension (SAH) and
the hepatic steatosis. OSA was observed in 76%
of patients, 59% of whom had moderate-to-severe
OSA, with a predominance of men (p: 0.01). Among
the variables with statistical difference between the
groups, WHR was the only indicator of an AHI > 15,
with a cut-off value of 0.95 and accuracy of 66%,

J Bras Pneumol. 2022;48(6):e20210360

with higher positive predictive values than negative
predictive values, being demonstrated as a powerful risk
factor for prognostic screening of these patients, also
being three times more likely to present an increase
in moderate-to-severe apnea patients

The study sample profile was consistent with that
described in the literature, with a greater demand from
young women for surgery to treat obesity, as well as a
higher occurrence of OSA among the comorbidities?”?®) A
systematic review of patients eligible for bariatric
surgery from the Brazilian Unified Health System
(SUS) showed prevalence of patients with an average
age of 41 years, an average BMI of 48.6 kg/m?, with
79% being female, and 60.8% hypertensive.?? A
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meta-analysis published by Chang et al. with a total
of 161.756 candidates for bariatric surgery reported
the prevalence of participants with an average age
of 44.6 years, 79% being female, and with a BMI of
45.6 kg/m2. Among the studies that provided information
on obesity-related comorbidities, 26% of patients had type
2 diabetes, 47% had hypertension, 28% dyslipidemia,
7% cardiovascular diseases and 25% OSA.G9 In our
sample, the population profile consisted of patients
with less clinical severity than the described in the
literature (33% with SAH, 9% with type 2 diabetes, with
insulin resistance and increased LDL observed in 57%
and 72% of the sample, respectively), which can be
attributed to the origin of our patients, with a more
privileged socioeconomic profile and with easier access
to surgical treatment. The prevalence of somnolence
in our sample, evaluated using the ESS, was similar
to that described in the literature.(31-33

The occurrence of OSA found in the present study
is similar to that reported in other studies.(*2:133%
Patients with moderate-to-severe OSA showed a
greater somnolence, and more significant alterations
from an anthropometric and clinical point of view, when
compared to groups without OSA or with mild OSA,
with no difference in BMI. In addition, these patients
presented greater desaturation as well as a lower
baseline, mean and minimum saturation values. On
the other hand, when comparing the anthropometric,
clinical, somnolence, quality of life and polysomnographic
variables in the groups of individuals without apnea with
those with mild apnea, we did not find any statistically
significant difference between them.

All of this corroborates the growing evidence that
mild OSA is not a significant independent risk factor
for cardiovascular and metabolic comorbidities,
including endothelial dysfunction, reduced baroreflex
sensitivity, systemic inflammation, as well as systemic
arterial hypertension and insulin resistance.G>3® In
moderate-to-severe OSA, several studies have indicated
an association with cardiovascular morbidity and its
complications.(3>=® It is worth mentioning that it is
a well-known fact that intermittent hypoxia plays a
fundamental role in the development of cardiovascular
variability in OSA, propagating the production of
reactive oxygen species, resulting in oxidative stress
and inflammation. %

The findings of our study show the greater effects
of moderate-to-severe OSA in patients, since this
data reflects visceral adiposity, and its full potential
for associated complications.

Obesity alone is a risk factor for OSA. Large
epidemiological studies have reported a dose-response
relationship linking the prevalence of OSA with an increased
BMI, neck and abdominal circumference.(*>'”) Some
variables have been used previously in clinical practice,
but there is no standardized measurement in the
literature for a predictive model regarding OSA, with

neck and abdominal circumference, and waist-to-hip
ratio (WHR) being the most used, as they are easy to
obtain and demonstrate greater accuracy than other
measures such as BMI, which does not include the fat
distribution patterns.G:16:17:40)

In this study, the most important finding was that
WHR was the best indicator for identifying patients
with moderate-to-severe OSA, with a sensitivity
of 57% and specificity of 81%. As indicated in
Tables 3 and 4, 57% of subjects with an AHI> 15
have a WHR> 0.95 (true positive) and 19% with
an AHI <15 have a WHR> 0.95 (false positive). Thus,
we found that WHR was three times more likely to be
increased (> 0.95) in the sample with AHI> 15. This
finding is of paramount clinical importance, since it can
be used to screen patients with moderate-to-severe
OSA with associated greater cardiovascular risk and
consequently a higher surgical risk.

Additionally, the prevalence of OSA in the bariatric
surgery population is higher than in the general
population, and although polysomnography remains
the gold standard for diagnosing these patients, it is not
always easily accessible for everyone, requiring time
to schedule, even in large urban centers. Therefore,
the WHR measurement in our study was useful as a
surrogate of moderate-to-severe OSA and, coupled with
other clinical criteria, it could be used in preferential
referral for polysomnography and the identification of
patients with a greater severity of OSA.

Despite the small sample size, when compared to
some studies described in the literature, our study
included a broad assessment of all polysomnographic
parameters, not only those related to respiratory
events during sleep. Another limitation of our study
was the lack of imaging methods for evaluation of
the upper airway that might better explain individual
patient differences, that being said, a visual analysis
of the airway was performed and did not identify any
changes among the groups.

This study allowed us to conclude that OSA was
observed in 76% of patients, with 59% having
moderate-to-severe apnea. In addition, the best
indicator of moderate-to-severe OSA was WHR, with
a cut-off value of 0.95, being three times more likely
to show an increase in this group of patients.
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Assessment of risk factors in patients with
rheumatoid arthritis-associated interstitial
lung disease

Carolina Rossetti Severo'®, Carolina Chomiski'®, Marina Borba do Valle'®,
Dante Luiz Escuissato'®, Eduardo dos Santos Paiva'®, Karin Mueller Storrer’

ABSTRACT

Objective: To assess the risk factors for interstitial lung disease (ILD) in patients
with rheumatoid arthritis (RA) and to evaluate the association of ILD with the use of
methotrexate as well as with joint disease activity. Methods: A retrospective, cross-
sectional study conducted between March and December 2019 at a tertiary healthcare
center, in a follow-up of RA patients who had undergone pulmonary function tests (PFT)
and chest computed tomography. We evaluated the tomographic characteristics, such
as the presence of ILD and its extension, as well as joint disease activity. Functional
measurements, such as forced vital capacity (FVC) and diffusing capacity for carbon
monoxide (DLCO), were also assessed. After this, a multivariate logistic regression
analysis was applied in order to identify risk factors associated with ILD. Results: \We
evaluated 1.233 patients, of which 134 were eligible for this study. The majority were
female (89.6%), with a mean age of 61 years old and with a positive rheumatoid factor
(86.2%). RA-associated ILD (RA-ILD) was detected in 49 patients (36.6%). We found an
association of RA-ILD with age == 62 year, male sex, smoking history and fine crackles
in lung auscultation and a decreased DLCO. The indicators of being aged > 62 years
old and having moderate or high RA disease activity were both independent factors
associated with RA-ILD, with an odds ratio of 4.36 and 3.03, respectively. The use of
methotrexate was not associated with a higher prevalence of ILD. Conclusion: Age and
RA disease activity are important risk factors associated with RA-ILD. Methotrexate was
not associated with the development of RA-ILD in the present study.
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INTRODUCTION This study aims to evaluate risk factors for ILD in RA
patients in follow-up at an outpatient clinic of a tertiary
healthcare service, as well as to assess the association
of ILD with the use of methotrexate and joint disease

activity.

Rheumatoid arthritis (RA) is a chronic, systemic,
inflammatory autoimmune disease with a prevalence rate
ranging from 0.3 to 1% of the population, with a higher
incidence in women aged between 30 and 50 years old.(¥)

Although join manifestations are more prevalent, extra-
articular manifestations of RA may occur in about 40%
of patients, usually presenting with rheumatoid nodules,
secondary Sjogren’s syndrome and lung disease.®

METHODS

This was a retrospective, cross-sectional study that
included patients aged > 18 years old, in follow-up
for RA at an outpatient clinic of a tertiary healthcare

The association of lung disease with RA was first
described in 1948.® Since then, a wide range of pulmonary
involvement due to this iliness have been well described,
such as pleurisy/pleural effusion, rheumatoid nodules,
Caplan syndrome, pulmonary hypertension, bronchiolitis,
bronchiectasis and interstitial lung disease (ILD).*>

ILD is an important form of RA-related lung disease.>®
In studies with chest computed tomography (CT), its
prevalence ranges from 28 to 58%,©® but only 5 to
10% are estimated to be clinically relevant cases.®'?

service in Brazil, from March to December 2019, who
had undergone pulmonary function tests (PFTs) and
chest CTs for any reason.

Patients with overlapping collagen diseases, undergoing
radiation therapy with potential for radiation-induced
lung injury or lung resection procedures, were excluded.

All patients were diagnosed with RA by a rheumatologist,
according to specific diagnostic criteria.(***?)

Joint disease activity data was collected from the patient’s
medical records and used as the last measure before
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the CT scan. The following validated instruments were
used: the Disease Activity Score-28 for RA (DAS-28)
with C-reactive protein (DAS28-CRP), the DAS-28
with erythrocyte sedimentation rate (DAS28-ESR)
and the Clinical Disease Activity Index (CDAI). For the
analysis, we stratified the patients into two groups:
moderate/high and low activity/remission. We chose
this stratification system on the grounds that low
activity of joint disease or remission are recommended
as treatment targets in clinical practice.(*>%)

Respiratory symptoms such as cough, sputum
and degree of dyspnea (modified Medical Research
Council (mMRC) scale), as well as data from physical
examination (clubbing, fine crackles, peripheral
oxygen saturation at rest), use of drugs for current RA
treatment, previous use of methotrexate at any time
(duration in years and maximum dose used), dosing
of rheumatoid factor (RF) and anti-cyclic citrullinated
peptide (anti-CCP), were evaluated.

The CT images were assessed independently, in random
order, by two chest radiologists. Upon divergence in the
interpretation of results, a final decision was reached
by consensus of both radiologists. Interobserver
agreement between radiologists was not calculated.
The HRCT findings were categorized as absent, limited
or extensive ILD, according to the extent of the
involvement in five levels and classification algorithm
proposed by Goh et al.*> CT scans with more than
20% involvement were categorized as extensive ILD.
CT scans presenting any abnormality less than 20%
involvement were categorized as limited ILD.

Pulmonary function tests (PFTs), such as forced
vital capacity (FVC), forced expiratory volume in 1
second (FEV1), FEV1/FVC ratio, total lung capacity
(TLC), residual volume (RV), RV/TLC ratio, diffusing
capacity for carbon monoxide (DLCO), and lung diffusion
capacity corrected for alveolar ventilation (DLCO/AV)
were also evaluated.

This study was approved by the Human Research
Ethics Committee of the institution.

Statistical analysis

Data analysis was performed with the Excel® and
SPSS Statistics v. 22.0 software.

The quantitative variable’s results were described in
mean and standard deviation. Categorical variables
were described in frequency and percentage. The ROC
curve was adjusted to evaluate the existence of cut-off
points for age related to ILD (yes or no) (362 years,
p = 0.013, specificity 56.3% and sensitivity 69.7%).
For the comparison of the three assessments of the
disease extent (absent, limited or extensive) with the
quantitative variables, nonparametric Kruskal-Wallis
test and post-hoc Dunn test were applied. Comparisons
of disease extent assessment (limited or extensive)
were made with the Mann-Whitney nonparametric
test. As for the categorical variables, the comparison
was made with the chi-square test. A multivariate
model was adjusted to include sex, fine crackles, age

and DLCO as explanatory variables (those presenting
with p < 0.05 in the univariate analysis), in order to
evaluate the control of the joint disease activity, the
variables were found to be both statistically significant
(p < 0.05) and clinically relevant.

Logistic regression models were adjusted for univariate
and multivariate analysis of factors associated with
ILD. The Wald test was used to assess the statistical
significance of the variables and the estimated measure
of association was calculated by a odds ratio with
95% confidence intervals. P-values < 0.05 indicated
statistical significance.

RESULTS

Among the 1.233 patients treated from March to
December 2019, 1.052 were not eligible for this study
on account of insufficient data from chest CTs and/or
PFTs, lack of RA diagnosis, conflicting or unavailable data
(Figure 1). Other 47 patients were excluded from the
study due to the following exclusion criteria: presence
of another lung disease, presence of overlapping
collagen disease, history of radiation therapy with
potential for radiation-induced lung injury, or history
of lung resection. Thus, 134 patients were included
in the present study.

The participants were predominantly female (89.6%),
with a mean age of 61 years old. Most patients had
no smoking history (53%) and, among smokers, the
mean smoking load was 22.8 packs-year. The majority
of patients had positive RF (86.2%), while only 18
participants had the anti-CCP result (anti-CCP is not
an easily available exam in our public health system)
(Table 1).

Almost all patients had a history of prior use of
methotrexate or were currently using it at the time
of the analysis (93.2%).

Regarding the joint activity scales (DAS28-CRP,
DAS28-ESR or CDAI), patients were stratified
according to different disease activity levels, displaying
discrepancies in these assessment instruments. However,
more than 50% of the sample was categorized as in
remission or with low activity, regardless of analyzed
scale. Furthermore, CDAI was the most used disease
activity score in our study, therefore, we used this tool
to stratify patients presenting moderate/high disease
activity for the univariate analysis.

RA-ILD was present in 49 patients (36.6%), 24.6%
were considered as having limited extension disease
and 11.9% as having extensive disease. Comparing
patients with ILD (RA-ILD) and without ILD, age >= 62
years, smoking history and presence of fine crackles
were significantly more prevalent indicators in the
RA-ILD group. Although most of the patients had a
preserved PFT, DLCO values were remarkably higher
among those without ILD (Table 2).

The age of 62 years was used because it was the
cut-off point with statistical significance indicated by
the ROC curve analysis (p = 0.013) and had 69.7% of
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1,233 patients at follow-up in the
outpatient clinic during the time of data

collection

1,052 were not eligible:
«857 did not have data from chest CT and/or lung
function test;
«112 did not have a diagnosis of rheumatoid
arthritis;
«83 had conflicting or unavailable data.

181 eligible patients

47 patients excluded:
27 had another lung disease;
«17 had overlapping collagen diseases;
«2 underwent radiation therapy with potential for
radiation-reduced lung injury;
1 previously underwent lung resection.

134 included patients

Figure 1. Study design.

sensitivity. The multivariate analysis demonstrated that
being aged > 62 years old and presenting moderate/
high disease activity (in any of the scores) were
independent factors for RA-ILD with an odds ratio of
4.36 and 3.03, respectively (Table 3).

Regarding patients treated with methotrexate (n =
124), there was no association of previous methotrexate
treatment and the presence of ILD (p = 0.219).
However, when ILD extension was evaluated, 9.7%
presented extensive tomographic disease, while 65.3%
presented absence of ILD when in use of methotrexate
(p = 0.008) (Table 4).

DISCUSSION

The present study indicates that being age > 62
years old, male sex, having a smoking history, and
presenting fine crackles are risk factors associated with
RA-ILD (presented in 36.6% of the sample). Higher
DLCO values are inversely associated with RA-ILD.

The evaluation of risk factors is extremely important
for RA-ILD, not only because of its relevant prevalence,
but also due to the impact of the diagnosis on both
treatment options and mortality.1%16 Although RA is
more common among females, being male is considered
a risk factor for RA-ILD. This association was found
in this study and had already been demonstrated by
other authors.10:16:17)

The presence of RA-related autoantibodies, especially
in high titers, has been suggested to be a risk factor for

J Bras Pneumol. 2022;48(6):e20220145

RA-ILD.(210:17-19) Kelly et al. demonstrated that high titers
of anti-CCP are strongly associated with RA-ILD.% In
our study, it was found no positive association between
positive RF or anti-CCP and RA-ILD; nevertheless,
different methods were used for dosing RF, which may
have contributed to creating a bias. Moreover, only a
small number of patients were tested for anti-CCP, and
this could also have influenced the results found herein.
That being said, a recently published meta-analysis
showed that patients with positive RF or anti-CCP have
a higher risk of developing RA-ILD, but the analysis
of subgroups by region indicated that even though
patients from Asia, Africa and Europe with positive
anti-CCP presented a higher risk of ILD-RA, it was not
statistically significant for the American population,
with two studies from the United States and one study
from Mexico included in that analysis.(** This allows
questioning whether the American population has a
different pattern.

Although the presence of respiratory symptoms did
not present a statistical significance associated with
ILD in the studied sample, one third of patients who
did not present respiratory symptoms manifested ILD
on the chest CT scan. A Spanish cohort study had a
similar result, since 33.7% of 90 patients with RA-ILD
were asymptomatic.(*® This suggests that the presence
of symptoms should not be used alone, isolated Hto
determine the presence of ILD in RA patients.

Fine crackles in lung auscultation were associated
with the diagnosis of RA-ILD, demonstrating that a
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Table 1. Baseline population characteristics.

Clinical-epidemiological characteristics [n = 134]

Female sex, n (%) 120 (89.6)
Age in years, mean + standard deviation 61+ 11
Current or previous smoking history, n (%) [n = 132] 62 (47)
Illness duration in years, mean + standard deviation 13+9
Positive rheumatoid factor, n (%) [n = 130] 112 (86.2)
Presence of respiratory symptoms, n (%) [n = 133] 106 (79.7)
Joint disease activity DAS28-CRP [n = 105]

Remission, n (%) 51 (48.6)
Low activity, n (%) 16 (15.2)
Moderate activity, n (%) 31 (29.5)
High activity, n (%) 7 (6.7)
Joint disease activity DAS28-ESR [n = 99]

Remission, n (%) 28 (28.3)
Low activity, n (%) 22 (22.2)
Moderate activity, n (%) 6 (36.4)
High activity, n (%) 3(13.1)

Joint disease activity CDAI [n = 115]

Remission, n (%) 2 (10.4)
Low activity, n (%) 3 (46.1)
Moderate activity, n (%) 34 (29.6)
High activity, n (%) 6 (13.9)
Lung functional characteristics [n = 134]

Absolute FVC, mean + standard deviation 2.99 + 0.99
Relative FVC, mean + standard deviation 98.2 + 22
Absolute DLCO, mean + standard deviation [n = 121] 19.9 + 5.34
Relative DLCO, mean + standard deviation [n = 121] 96.4 +27.9
Tomographic extension [n = 134]

Absent, n (%) 85 (63.4)
Limited, n (%) 3 (24.6)

Extensive, n (%) 16 (11.9)

CDAI: Clinical Disease Activity Index; FVC: Forced vital capacity; DAS28-CRP: Disease Activity Score-28 for
RA (DAS-28) with C-reactive protein; DAS28-ESR: Disease Activity Score-28 for RA (DAS-28) with erythrocyte
sedimentation rate; DLCO: Diffusing capacity for carbon monoxide.

Table 2. Characteristics of patients with rheumatoid arthritis (RA) stratified by presence and absence of interstitial
lung disease (ILD).

N=134 RA-ILD absent RA-ILD present p
Age > 62 years old 67 32 (47.8%) 35 (52.2%) <0.001
Male sex 14 4 (28.6%) 0 (71.4%) 0.008
Previous smoking history 45 22 (48.9%) 23 (51.1%) 0.024
Presence of respiratory symptoms 106 67 (63.2%) 39 (36.8%) 0.738
Presence of fine crackles 26 9 (34.6%) 7 (65.4%) 0.001
Previous treatment with methotrexate 124 81 (65.3%) 43 (34.7%) 0.219
Moderate/high disease activity 50 29 (58%) 21 (42%) 0.075
Positive rheumatoid factor 112 68 (60.7%) 44 (39.3%) 0.172
FVC (%) mean + standard deviation 134 100.8 + 19.6 93.7 +25.2 0.073
DLCO (%) mean + standard deviation 121 101.5 + 26.6 87.6 + 28.2 0.010

FVC: Forced vital capacity; DLCO: Diffusing capacity for carbon monoxide; RA-ILD: Rheumatoid arthritis-associated
interstitial lung disease.

careful lung auscultation should be performed in all RA  no contraindications that can contribute to an early
patients, regardless of their complaints related to their ~ diagnosis. A prospective blind study with a sample of
respiratory symptomes. It is a low-cost examination with 148 patients showed a correlation between bilateral fine
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Table 3. Multivariate analysis.

p
Age > 62 years old 0.005
Male sex 0.215
Presence of fine crackles 0.774
Absolute DLCO 0.235
Moderate/high disease activity 0.027

OR CI95 %

4.36 1.57 - 12.09
3.29 0.50 - 21.7
1.22 0.32 - 4.58
0.94 0.86 - 1.04
3.03 1.14 - 8.09

DLCO: Diffusing capacity for carbon monoxide.

Table 4. Association of previous treatment with methotrexate with tomographic extension of interstitial lung disease.

Tomographic extension

Absent Limited Extensive
Previous treatment with No 4 (44.4%) 1(11.1%) 4 (44.4%) 0.008
methotrexate
Yes 81 (65.3%) 31 (25%) 12 (9.7%)

crackles and the presence of fibrotic ILD. This type of
abnormality in auscultation was the predictive factor most
related to usual interstitial pneumonia (UIP) pattern in
chest -CT scans, which is the most frequent tomographic
pattern observed in RA-ILD patients.?® Studies using
digital stethoscopes and sound analysis of velcro crackles
showed that this new technology has better accuracy if
compared with traditional auscultation, presenting a 84
to 90% against a 60 to 70% precision, respectively.?!?2)

In the multivariate analysis, moderate or high joint
disease activity were considered independent factors
associated with RA-ILD, with an odds ratio of 3.03.
This suggests the importance of controlling systemic
inflammation for the prevention of RA-ILD development.
This was already suggested in a prospective cohort study
with 1.419 patients which showed that joint activity
in RA is associated with a higher risk of developing
ILD.®* Other studies demonstrate that the CDAI score
is also associated with ILD activity. (42

In our study, the mean DLCO was found to be normal
in the RA-ILD group, however, it was significantly lower
than the group without RA-ILD. Despite the fact that
several cut-off points have already been proposed in
the literature to facilitate ILD screening, there is no
consensus,?'?27) and even with a low DLCO cut-off
point of 47%, accuracy and sensitivity were low (54.9%
and 30.8%, respectively).?Y

The vast majority of patients in the present study

were treated with methotrexate at some point; it is
noteworthy that 65.3% of these patients were not

diagnosed with RA-ILD, and extensive ILD was only
present in 9.7% of cases, suggesting a protective
factor. Although methotrexate has been historically
considered a causal factor of ILD, recent evidence
corroborate the findings of our study.(7:28-39)

The results herein should be interpreted considering
some limitations. The retrospective nature of the
research design is a major limitation of our study. In
addition, the study was conducted in a single center.
Also, for being a public healthcare profile, some data
were incomplete, such as anti-CCP. However, most of
the data found is consistent with the literature, a fact
that supports this study’s relevance.

In conclusion, age and RA disease activity were
found to be important risk factors associated with
RA-ILD. Methotrexate use was not associated with the
development of RA-ILD in the present study.
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Circulating eosinophil levels and lung
function decline in stable chronic
obstructive pulmonary disease: a
retrospective longitudinal study

Marcello Ferrari'®, Michela Pizzini'®, Lucia Cazzoletti?®,
Valentina Ermon'®, Francesco Spelta'®, Sergio De Marchi'
Luca Giuseppe Dalle Carbonare'®, Ernesto Crisafulli’

ABSTRACT

Objective: Whether blood eosinophils (0EOS) in chronic obstructive pulmonary disease
(COPD) are associated with disease progression is a topic of debate. We aimed to
evaluate whether the differential white blood cell (WBC) count, symptoms and treatment
may predict lung function decline and exacerbations in COPD patients. Methods: \We
retrospectively examined stable COPD patients with a minimum follow-up of 3 years
at our outpatients’ clinic. We collected information about lung volumes (FEV,, FVC),
the total and differential WBC count, acute exacerbations of COPD (number in the
12 months before the beginning of the study=AE-COPD-B, and during the follow-
up=AE-COPD-F), smoking status and treatment. FEV, decline and AE-COPD-F were
described by using a generalized linear model and a 2-level random intercept negative
binomial regression, respectively. The models included eosinophil and neutrophil counts
as potential predictors and were adjusted by sex, age, smoking status, AE-COPD-B,
treatment with bronchodilators and inhaled corticosteroids (ICS). Results: Sixty-eight
patients were considered, 36 bEOS- (<170 cells/uL, the median value) and 32 bEOS+
(2170 cells/uL). AFEV, was higher in bEOS+ than bEOS- (34.86 mL/yr vs 4.49 mL/yr,
p=0.029). After adjusting for potential confounders, the eosinophil count was positively
(3=19.4; Cl 95% 2.8, 36.1; p=0.022) and ICS negatively (3=-57.7; Cl 95% -91.5,-23.9;
p=0.001) associated with lung function decline. bEOS were not found to be associated
with the number of AE-COPD-F. Conclusion: In stable COPD patients, a higher level of
blood eosinophils (albeit in the normal range) predicts a greater FEV, decline, while ICS
are associated with a slower progression of airflow obstruction.

Keywords: COPD; Blood eosinophils; FEV, decline; Exacerbations; Biomarkers.

COPD patients have more circulating eosinophils than
the non-COPD smoker population,® even though it is not

Lung function decline is one of the most important
features of the natural history in patients with Chronic
Obstructive Pulmonary Disease (COPD). It is estimated
that mean FEV, decline is about 20-40 mL/year and
that there are two subgroups of patients, called “faster
decliners” and “slower decliners”®),

Systemic and pulmonary inflammation may contribute
to this decline. The primary involvement of neutrophils,
whose levels are higher in the airways of COPD patients
and are positively associated with airflow obstruction
is common knowledge.® Moreover, even if eosinophils
are the predominant granulocyte population in subjects
with asthma, recent evidence suggests the presence of
eosinophilic inflammation in a subgroup of COPD patients.®)
Eosinophils in the airways correlate with their blood
levels and this correlation, albeit weak, is significant.(¥

clear whether this result is clinically relevant, as well as
statistically significant. The blood eosinophil count can
predict the risk of having an acute exacerbation. In the
Copenhagen Study,® a blood eosinophil count with more
than 340 cells/pL was associated with an almost 2 times
higher risk of incurring severe exacerbations. In addition,
the greatest risk of having an increased concentration of
circulating eosinophils during exacerbations is related to
a greater eosinophil count during the stability phase.”

The literature supports the notion that blood eosinophils
could be a predictor of response to corticosteroid therapy in
patients with acute exacerbations of COPD (AE-COPD).("®)
During an acute exacerbation, COPD patients with an
eosinophil count greater than 2% of the total white blood
cells (WBC) have a low probability of relapse if they are
treated with systemic corticosteroid.®® However, there
are no prospective randomized studies that examine the
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role of the blood eosinophil count as a predictor of a
response therapy during stable COPD.(® Only few
studies have investigated the association between the
progression of airflow obstruction and blood eosinophils,
with discordant results.**'® Thus, we conducted a
longitudinal retrospective study aimed to investigate
whether factors such as clinical characteristics, laboratory
data and treatment were associated with FEV, decline
over time, focusing our attention on the differential
count of circulating leukocytes.

METHODS

We conducted a retrospective observational study
using the last 5-year data in the database of the
outpatient clinic at the University Hospital of Verona.
A total of 239 patients with COPD were considered.
The diagnosis was based on the GOLD criteria.*”)
The study was approved by the Ethic Committee of
our Institution.

We selected patients with the following characteristics:
1) a stable phase of the disease, i.e., no AE-COPD and
no change in the treatment in the previous 3 months;
2) a blood eosinophil count lower than 450 cells/pL
(upper normal limit of our laboratory); 3) a minimum
follow-up of 3 years. We excluded patients with other
lung diseases, such as lung cancer, interstitial lung
diseases, asthma, pulmonary resection, and pulmonary
infections. We also excluded patients with diseases
related to atopy (such as rhinitis) and those with
unacceptable spirometry.(®)

Demographic information, including sex, age, height,
weight, and smoking habit were collected from the
patient’s medical record. Medical history and prescribed
therapies for the respiratory disease (LABA, Long-acting
B,-Agonists; LAMA, Long-acting Muscarinic Antagonists;
Inhaled Corticosteroids, ICS) were also recorded.
A patient was on therapy with LABA, LAMA or ICS when
he/she took these drugs (alone or in combination) at
the beginning of the observation period.

The values of spirometry parameters (Forced Expiratory
Volume in 1 second, FEV, L; Forced Vital Capacity, FVC
L) were registered. Lung function decline (mL/year) was
expressed as the FEV, value at the beginning minus
the FEV, value at the end of the observational period,
divided by the years of follow-up (AFEV,, mL/yr).

Information on exacerbations, dyspnea (modified
MRC scale*®) were also available. An AE-COPD was
defined as the worsening of respiratory symptoms
requiring antibiotic or oral corticosteroid treatment.*”
AE-COPD-F was the number of exacerbations at the
control visits performed during the follow-up period.
AE-COPD-B was the number of exacerbations in the
12-months preceding the beginning of the period of
observation.

Statistical analysis

The data are shown as means % SD, or as median with
interquartile range (IQR) as appropriate. The t-test or
the Wilcoxon-Mann-Whitney test were used to assess

the differences of continuous variables between groups
of patients, accordingly. The chi-square test was used
for the comparison of data expressed as percentages.

A multivariate generalized linear model was used to
evaluate the association between the eosinophil and
neutrophil blood count (independent variables) and
AFEV, (mL/yr) (dependent variable), controlling for
sex, age, smoking status (active smoker vs former
smoker) (Model I). At a later stage, baseline treatment
with bronchodilators, ICS and number of AE-COPD-B
were included in the model (Model II).

The association between the eosinophil and neutrophil
blood count (independent variables) and AE-COPD-F
(dependent variable) was assessed by using a 2-level
random intercept negative binomial regression, with
level 1 units (visits) nested into level 2 units (patients),
adjusting for sex and age at baseline (Model III).
Another model was fitted to the data adding to the
previous model as independent variables treatment
with bronchodilators, treatment with ICS at baseline
and number of AE-COPD-B (Model IV). The estimated
coefficients of the negative binomial regression were
expressed as incidence rate ratios (IRR) and 95%
confidence intervals were provided. Model III and
IV were not adjusted for smoking habits, because
the number of current smokers at baseline was very
limited (n=5 out of 68 COPD patients) and none of
them reported exacerbations in the follow-up.

The goodness-of-fit was assessed using the Akaike
information criterion (AIC)©?® and the Bayesian
information criterion (BIC): " the best performances
in predicting FEV, decline and the rate of exacerbations
during follow-up were identified by the lowest AIC
and BIC, when comparing model I with model II and
model III with model IV.

The p value less than 0.05 was statistically significant.

The statistical analysis and graphs were processed
using STATA/IC 16.1.

RESULTS

Two-hundred-and-thirty-nine medical records of
COPD patients were analyzed. A total of 171 patients
were excluded (Figure 1): 73 patients did not have
a follow-up of at least 3 years (among them 11 had
died); the blood eosinophil count of 75 patients was
missing; 23 were not in a stable phase of the disease.

In total, 68 patients were included in the analysis
(age 71.1+6.6 years; 18 (26.5%) females). The mean
follow-up was 50.1£16.3 months. The median blood
eosinophil count was 170 (IQR:115-260) cells per pL.
Based on this value, the patients were divided into two
groups, one with less than (36 patients, bEOS- group)
and one with at least (32 patients, bEOS+) 170 blood
eosinophils/pL.

The demographic and clinical characteristics of the
COPD patients in the study are reported in the Table 1.
Age, BMI, and male/female distribution were similar
in the two groups. Active smokers were present in
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Aif_féf;?_;gR 171 patients EXCLUDED
-73: follow-up < 3 years;
-75: uncomplete laboratory
68 patients data;
INCLUDED
-23: not in a stable phase of
FOLLOW-UP |7 the disease;
Figure 1. Selection of COPD patients in the study.
Table 1. Characteristics of the study population at baseline.
Total EOS - EOS +
(N= 68) (N= 36) (N=32) p value

Gender, n (%) NS
- Male 50 (73.5%) 27 (75.0%) 23 (71.9%)
- Female 18 (26.5%) 9 (25.0%) 9 (28.1%)
Mean Age 71.0 (6.6) 71.0 (7.0) 71.1 (6.3) NS
Median BMI (Kg/m?) 26.7 (24.6;29.7) 25.3 (24.4;29.5) 27.5 (26.0;29.7) NS
Median pack years 30.8 (10;48) 27.5 (0;46.5) 32 (16.5;60) NS
Smoking Habit, n (%) 0.055*
- Ex-smoker 63 (92.6%) 31 (86.1%) 32 (100%)
- Smoker 5 (7.4%) 5 (13.9%) 0 (0%)
Median mMRC 1(1;2) 1(1;2) 1(1;2) NS
Chronic bronchitis, n (%) 26 (41.3%) 13 (39.4%) 13 (43.3%) NS
Median AE-COPD-B 1(0;2) 1(0;2) 1(0;2) NS
LABA, n (%) 38 (61.3%) 18 (54.6%) 20 (69.0%) NS
LAMA; n (%) 27 (43.6%) 14 (42.5%) 13 (44.8%) NS
ICS, n (%) 22 (35.5%) 13 (39.4%) 9 (31.0%) NS
Mean FEV, (L) 1.55 (0.67) 1.58 (0.72) 1.52 (0.62) NS
Mean FEV, (% pred) 63.79 (21.37) 65.14 (23.14) 62.28 (19.5) NS
Mean FVC (L) 2.86 (0.80) 2.85 (0.86) 2.89 (0.74) NS
Mean FVC (% pred) 98.75 (21.23) 99.17 (22.18) 98.29 (20.47) NS
Mean FEV,/FVC (L) 52.91 (12.69) 53.90 (13.67) 51.81 (11.62) NS

Median White blood cell count (10°/pL)
Median Neutrophil count(10°/pL)
Median Eosinophil count (10°/pL) 170 (120;260) 130 (90;160) 270 (220;300) <0.001
Median Lymphocyte count (10°/pL) 1960 (1510;2450) 2050 (1500;2610) 1880 (1580;2300) NS
Data are presented as mean £ SD or median (IQR). EOS-: eosinophil count < 170 cells/uL; EOS+: eosinophil count
> 170/uL; BMI: Body Mass Index; mMRC: modified Medical Research Council dyspnea scale; AE-COPD-B: Number
of Acute Exacerbation of Chronic Obstructive Pulmonary Disease in the 12 months prior the beginning of the study;
LABA: Long-acting B,-Agonists; LAMA: Long-acting Muscarinic Antagonists; ICS: Inhaled Corticosteroids; FEV,,

Forced Expiratory Volume in 1 second; FVC, Forced Vital Capacity. *The Fisher test was used for this comparison
because the expected counts were not greater than 5 in all cells.

7030 (5890;8080)
3990 (3320;4990)

7040 (6030;7830)
3960 (3430;5020)

6930 (5890;8280) NS
4050 (2930;4900) NS

the bEOS- group only, whereas the median value of
pack year was higher, although not significantly, in the

bEOS+ group. The number of AE-COPD-B tended to be
higher in EOS+, even though the difference between
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the groups was not statistically significant. The mMRC
dyspnea scale and the use of LAMAs, LABAs and ICSs
was comparable in bEOS+ and bEOS-. At the beginning
of the study, the mean values of FVC, FEV, as well
as leucocyte, neutrophil and lymphocyte counts were
similar in the two groups.

When considering the whole sample, the mean
AFEV, and the mean FVC annual decline resulted
in 18.78 £ 58.25 mLl/year and 9.5+125 mL/year,
respectively. The AFEV, was significantly higher in
bEOS+ (34.86+50.33) than bEOS- (4.49+61.69)
(p=0.029). On the contrary, no statistically significant
difference was found in terms of the FVC annual
change between the two groups (p=0.393). During
the follow up, the median number of exacerbations
was not significantly different between EOS+ and
EOS- (median:0, IQR:0-2 in EOS- and median:0,
IQR:0-1 in EOS+; p=0.868).

After adjusting for sex, age and smoking habits at
baseline, the eosinophils turned out to be significantly
associated with AFEV, either when only neutrophils and
eosinophils were considered as possible determinants
(B=16.9; CI 95% 2.0,31.8; p=0.026) (Model I, Table 2)
or in the complete model (B=19.4; CI 95% 2.8,36.1;
p=0.022) (Model II, Table 2). Figure 2 shows the
observed and adjusted mean of AFEV, by eosinophil
count in the complete model: in the case of an
increase in the eosinophil count of 100 cells per pL the
FEV, decline was expected to increase by 19.4 mL/y.
ICS treatment was found to be associated with a reduced
lung function decline (B=-57.7; CI 95% -91.5,-23.9;
p=0.001) (Model II, Table 2).

After adjusting for sex and age at baseline, the
neutrophil count was found to be significantly
associated with the number of AE-COPD-F when
only neutrophils and eosinophils were considered as
possible determinants: the estimated rate ratio of
exacerbations for an increase in the neutrophil count of
100 cells/pL was 1.03 (CI 95% 1.00,1.07; p=0.032),
i.e. holding all other variables in the model constant,
the increase in the neutrophil count seems to increase
the expected number of exacerbations by 3%. When
baseline treatment with bronchodilators and with ICS

and AE-COPD-B were included in the model (Model
1V, Table 3), neither the eosinophil nor the neutrophil
counts were significantly associated with the rate
of exacerbations, whereas baseline treatment with
bronchodilators resulted in a significant increase in
the rate of exacerbations (estimated IRR=15.02, CI
95% 1.65,136.67).

The complete models (Model II and Model 1V) had
the best fitness, as shown by the lowest AIC and BIC
(Table 2, Table 3).

DISCUSSION

The results of this retrospective, longitudinal study
in COPD patients show that blood eosinophils are
associated with a faster decline in FEV,. On the contrary,
the blood eosinophil count does not predict a higher
risk of exacerbations.

The association between eosinophilic inflammation
and lung function decline has been investigated in
few studies with contrasting results. One study, in
agreement with our results, found that an eosinophil
blood count greater than 2% was associated with
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Figure 2. Observed (hollow circles) and adjusted mean
(line) of delta FEV, by Eosinophil count (*100 cells/uL).
The means are adjusted for age at baseline, sex, smoking
status (active smoker vs former smoker), bronchodilator
use, ICS use and baseline number of exacerbations.

Table 2. Multivariate Linear Regression Model, considering FEV, decline over time (AFEV,, mL/yr) as the outcome.

Model | Model Il
Dependent variable: A FEV, (mL/yr) B Cl 95% p value ] Cl 95% p value
Eosinophils (100 cells/pL) 16.9 2.0,31.8 0.026 19.4 2.8,36.1 0.022
Neutrophils (100 cells/pL) 0.2 -1.0,1.3 0.795 0.8 -0.4,1.9 0.192
Bronchodilator 23.6 -14.7,61.9 0.227
ICS -57.7 -91.5,-23.9 0.001
AE-COPD-B 1.7 -11.4,14.9 0.797
Goodness of fit measures
AlC 10.968 10.881
BIC 193171.6 126148.3

Model adjusted for age at baseline, sex, smoking status (active smoker vs former smoker).
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Table 3. Multivariate Linear Regression Model, considering the number of exacerbations in the previous 12 months

during follow up period (AE-COPD-F, N°/yr) as the outcome.

Model lli
Cl 95%

Dependent variable: Number of
exacerbations during follow up

Model IV

p value Cl 95% p value

Eosinophils (100 cells/pL) 1.28 0.87,1.90 0.214 1.15 0.75,1.74 0.524
Neutrophils (100 cells/pL) 1.03 1.00,1.07 0.032 1.01 0.98,1.04 0.393
Bronchodilator 15.02 1.65,136.67 0.016
ICS 1.06 0.45,2.52 0.889
AE-COPD-B 1.33 0.94,1.88 0.113
Goodness of fit measures

AlC 295.852 257.894

BIC 315.066 284.338

Model adjusted for age at baseline and sex.

a faster decline of FEV,.(*") Also, in a more recent
paper,*>) it was shown that a blood eosinophil count
of >300 cells/pL was an independent risk factor for
accelerated lung function decline in a large Canadian
cohort of older adults from the general population. On
the contrary, in the ECLIPSE study,** COPD patients
with a blood eosinophil count higher or lower than 2%
had a similar FEV, decline in the 3-year follow-up. The
HOKKAIDO COPD cohort study*® reported that COPD
patients with higher levels of circulating eosinophils
maintained FEV, levels that were substantially stable
over a period of 5 years, whereas a higher emphysema
level and a greater circulating neutrophil count were
predictors for a more rapid FEV, decline. Ethnic and
environmental differences between our and the Japanese
study may account for the contrasting results. More
recently, one study?? demonstrated that in COPD
patients with a high blood eosinophil count (=350
cells/uL), the exacerbations were associated with the
subsequent acceleration of FEV, decline. In addition,
the association between eosinophils in the sputum
and lung function decline is uncertain. One study(?®
found that both the neutrophil and eosinophil count
in the sputum were related to FEV, decline in COPD.
Another study®® reported the association between
eotaxin-1 (a chemokine inducing eosinophil activation)
in lung lavage and a faster progression of the disease
in COPD patients.®"

We failed to find an association between the blood
eosinophil count and the risk of exacerbation, in
agreement with two group of authors,?>2% but in
contrast to other studies reporting a role of circulating
eosinophils in predicting the onset of AE-COPD.(?7-3% In
the present study, the circulating neutrophil count was
associated with exacerbations during the follow-up,
although this was true only in the model in which
sex and age, but not treatments, were considered as
confounders. This result partially supports a recent
study suggesting that a high blood neutrophil count may
provide a useful indicator of the risk of exacerbations
in COPD patients.GY

Our retrospective study does not reach reliable
conclusions regarding the possible effect of inhaled

J Bras Pneumol. 2022;48(6):e20220183

drugs on the decline of respiratory function and
exacerbations. However, it is worth noting the finding of
a negative association between ICS and FEV, decline,
which may suggest a slowing-down effect of inhaled
corticosteroids on the disease progression. The positive
association between treatment with bronchodilators
and the rate of exacerbations during the follow-up has
no clear explanation. In our study, almost all patients
were treated with a combination of drugs and only a
minority of them were being treated with either LAMA
or LABA alone, so that we are unable to evaluate the
separate effect of the two types of bronchodilators.
While keeping in mind this limit, we hypothesize that
patients with more frequent exacerbations at baseline,
and consequently with a higher risk of developing
exacerbations in the follow-up, are more frequently
treated. The use of medications may also explain the lack
of an association between AE-COPD-B and AE-COPD-F.
We are aware that only prospective, randomized studies
are necessary to definitively clarify this point.

The blood eosinophil count is influenced by several
factors, such as diurnal, seasonal, and hormonal
variations.(®233 Moreover, fluctuation in the disease and
treatment may increase this variability.*> Therefore,
it has been pointed out that a single estimation of the
eosinophil count, as in the case of our study, would
be unlikely to reflect the overall pattern of blood
eosinophilia.®* However, a group of authors have
shown that the proportion of COPD patients with a
stable eosinophil count in a six-month time interval is
high (93%) for subjects with a mean age of 70 years.
() The variability is even more limited for an absolute
eosinophil count lower than 340 cells/pL, which is
similar to that found in our patients.® Finally, in the
present study the eosinophil count was measured in
a stable phase of the disease, at the same hour of the
day, after an overnight fasting, all factors that may
have further reduced the count variability.

Our study has some limitations. Other than the ones
connected to its retrospective observational design,
the choice of selecting patients in a stable phase of
disease and the numerous exclusion criteria prevent
from extending the findings to COPD patients with
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different characteristics. Another limitation is the small
number of the patients, that may explain the lack of
some associations, such as between eosinophils and
exacerbations. However, the sample size was large
enough to support the hypothesis of a relationship
between eosinophils and FEV, decline.

We considered an exacerbation to be ongoing when
the patient reported the use antibiotics or corticosteroid
after the worsening of symptoms, regardless of
admission to an emergency room or hospitalization.
Therefore, our results cannot be applied to the severe
exacerbations (i.e., requiring hospitalization) or to the
mild ones (i.e., those producing only a slight variation
of the usual treatment).

We acknowledge that FEV, decline was calculated on
only two points at the beginning and at the end of the
observational period. A higher number of measurements
might have provided a more reliable value of functional
change. However, lung function tests were performed
during a stable phase of disease, adopting the criteria

of the ATS technical statement,*® a fact that enabled
us to obtain high quality data.

In conclusion, our results suggest that in patients
with stable COPD, a higher level of blood eosinophils
(albeit in the normal range) predicts a greater
decline in FEV, over time, but not a higher number of
exacerbations. Furthermore, ICS therapy seems to
attenuate the progression of airflow obstruction, even
though prospective randomized studies are needed to
confirm these results.
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ABSTRACT

Objective: To analyze the association of dysglycemia with clinical, laboratory, and
radiographic characteristics of patients with pulmonary tuberculosis (PTB), as well as
with their tuberculosis treatment outcomes. Methods: This was a longitudinal study
involving 140 patients diagnosed with PTB (positive cultures for Mycobacterium
tuberculosis or positive Xpert MTB/RIF results from sputum samples). Patients were
evaluated at diagnosis (M), after completing the second month of treatment (M,), and
at the end of treatment (M_,,). At M, the patients were classified into three groups:
normoglycemia+PTB (NGTB); pre-diabetes mellitus+PTB (PDMTB), and diabetes
mellitus+PTB (DMTB), in accordance with glycated hemoglobin levels (< 5.7%, 5.7%-
6.4%, and = 6.5%, respectively). Treatment outcomes were classified as favorable (cure
or treatment completion) and unfavorable (death, loss to follow-up, or treatment failure).
Results: In our sample, 76 patients (61.4%) had dysglycemia, 20 of whom (14.3%) had
DM at M. The patients with dysglycemia, in comparison with those in the NGTB group,
more frequently presented with positive sputum smear microscopy (94.2% vs. 75.9%;
p = 0.003); cavities (80.2% vs. 63.0%; p = 0.03); bilateral lesions (67.4% vs. 46.0%;
p = 0.02); and higher median of affected thirds of the lungs (3.0 vs. 2.0; p = 0.03) on
chest radiography. No significant differences regarding outcomes were found among
the groups, but tuberculosis lethality was higher in the DMTB group than in the PDMTB
and NGTB groups (20% vs. 2.2%). Conclusions: PTB patients with dysglycemia had
laboratory and radiographic manifestations indicative of more advanced disease, and the
risk of death was higherinthe DMTB group. These findings reinforce the recommendation
for early screening for DM in patients with newly diagnosed tuberculosis in order to
reduce the risk of death during treatment.

Keywords: Tuberculosis/diagnosis; Tuberculosis/diagnostic
therapy; Diabetes mellitus; Treatment outcome.

imaging; Tuberculosis/

INTRODUCTION

In recent years, the association between diabetes mellitus (DM) and tuberculosis
(DMTB) has been recognized as an important public health problem. DM increases
the risk of developing active tuberculosis by 2-3 times, and patients with DMTB
more often have unfavorable tuberculosis treatment outcomes when compared
with tuberculosis patients without DM.-3) The innate and adaptive immune
responses to Mycobacterium tuberculosis are altered in patients with DM, increasing
the risk of either primary infection or reactivation of tuberculosis infection.®
The hyperinflammatory host response associated with tuberculosis can cause
hyperglycemia, hinder the clinical management of patients with DM, and induce
the development of DM in patients with pre-DM.®

The progress made toward tuberculosis elimination has been recently affected
by the COVID-19 pandemic, which resulted in reduced access to tuberculosis
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services, leading to an 18% drop in the number of
newly diagnosed tuberculosis cases and increased
numbers of tuberculosis-related deaths. These figures
may be further hampered by the rapid increase in
DM in recent years, particularly in low- and middle-
income countries.® Prospective studies evaluating
the role of dysglycemia (DM and pre-DM) in the
clinical presentation of tuberculosis and response
to tuberculosis treatment under routine conditions
carried out in countries with a high tuberculosis
burden are still scarce in the literature.”® Data on
DMTB provided by the Brazilian Ministry of Health®
and based on reported tuberculosis cases to the
Sistema de Informacdo de Agravos de Notificagdo
(Brazilian Case Registry Database) showed that,
between 2019 and 2021, 10% of the patients with
tuberculosis reported to be diabetic.

In the present study, we aimed to describe the
clinical, laboratory, and radiographic characteristics
of pulmonary tuberculosis (PTB) patients with and
without dysglycemia, as well as to analyze the
association of these characteristics with tuberculosis
treatment outcomes.

METHODS

Between September of 2016 and November of 2020,
we carried out a longitudinal study involving patients
with PTB treated at the Municipal Health Care Center
in the city of Duque de Caxias, Brazil.

A consecutive, convenience sample of individuals
seeking the center with cough for at least two weeks
was screened for tuberculosis with the use of a clinical
score('® based on respiratory signs and symptoms
suggestive of the disease. Patients with a score 2
5 had a medium/high probability of having PTB and
were invited to participate in the study.*® Patients who
were > 18 years of age and agreed to be interviewed,
to undergo anthropometric measurements and chest
radiography (CXR), and to have clinical samples
collected were included in the study. Participants with
a positive culture for M. tuberculosis and/or a positive
Xpert MTB/RIF assay (GeneXpert; Cepheid, Sunnyvale,
CA, USA) result from sputum samples were defined
as having PTB. According to the glycated hemoglobin
(HbA1c) profile, tuberculosis patients were categorized
into three groups: normoglycemic group (NGTB;
HbAlc < 5.7%); pre-diabetic group (PDMTB; 5.7%
< HbA1lc < 6.4%); and diabetic group (DMTB; HbA1c
> 6.5%).(11-13) All HbA1c assays were performed in a
certified laboratory (Laboratdrio de Andélises Clinicas
da Unigranrio) in the city of Duque de Caxias.

After giving written informed consent, the patients
were evaluated at the moment of receiving the
diagnosis of tuberculosis or during the first week of
tuberculosis treatment initiation (M), after completing
the second month of treatment (M,), and at the end
of the treatment (M,,). During the visits, patients
underwent anthropometric measurements (weight
and height), sputum tests (sputum smear microscopy,
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Xpert MTB/RIF, culture for M. tuberculosis, first-line
drug susceptibility testing [BACTEC MGIT 960 SIRE;
Becton Dickinson, Sparks, MD, USA]), blood tests
(fasting glycemia and HbA1c), and CXR. Participants
also completed a questionnaire, administered by a
trained nurse, with questions about sociodemographic
characteristics, as well as signs and symptoms
suggestive of PTB. Tobacco, alcohol, and illicit drug
use was evaluated by a specific questionnaire.**
A pulmonologist, blinded to the patients’ glycemic
profile, evaluated CXR by using a standardized form
regarding the presence of lung cavities (number and
size) and extension of lung involvement (unilateral
or bilateral lesions and number of affected thirds of
the lungs). Information on tuberculosis treatment
outcomes was obtained from clinical records, and
these outcomes were classified as favorable (cure or
treatment completion) or unfavorable (death, loss to
follow-up, or treatment failure).

Absolute and relative frequencies of categorical
variables were calculated; for continuous variables,
medians and interquartile ranges were described.
Associations of categorical variables with dysglycemia
and treatment outcome were assessed by the chi-
square test (or Fischer’s exact test, when indicated),
and ORs and respective 95% CIs were described. To
compare continuous variables, the Wilcoxon-Mann-
Whitney test was used. The significance level was
set at 5%, and p values were two-tailed. Multivariate
analyses of the association of clinical, laboratory, and
radiographic characteristics with HbA1lc levels and
tuberculosis treatment outcomes were performed
using logistic regression. Box plots of the distribution
of HbAlc levels at M, M, and M, as well as among
patients who died or not, were built. For statistical
analyses, the IBM SPSS Statistics software package,
version 23.0 (IBM Corporation, Armonk, NY, USA) and
the R program 2019 (The R Foundation for Statistical
Computing, Vienna, Austria) were used.

This study was approved by the Research
Ethics Committee of the University Hospital
Clementino Fraga Filho on 07/02/2015 (CAAE no.
45637715.5.0000.5257).

RESULTS

During the study period, 318 eligible patients with
respiratory symptoms and medium/high clinical score
results for PTB were identified. Of those 318 patients,
8 patients (3.8%) were excluded: 3 individuals were
unable to collect or deliver a sputum sample and were
referred to further investigation; blood samples were
not collected from another 3; and it was not possible
to process the samples sent to the laboratory from 2
participants. Of the 310 participants initially included
in the study, 140 (45.2%) had a diagnosis of PTB.

Most PTB patients were male (n = 93; 66.4%);
the medians of age and BMI were, respectively, 36
years and 19.7 kg/m2. Non-White participants were
more represented (n = 116; 82.9%), and 75 patients
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(53.6%) attended school for less than 8 years.
Tobacco, alcohol, and illicit drug use was identified,
respectively, in 42.9%, 49.3%, and 24.3% of the
patients (Table 1). Previous tuberculosis treatment
and HIV infection were observed in 12.9% and 7.2%,
respectively (Table S1).

The prevalence of dysglycemia among the patients at
M, was 61.4% (pre-DM, in 47.1% and DM, in 14.3%).
Among the 20 patients with DM, 13 (65.0%) had a
previous diagnosis of type 2 DM. Blood glucose was
measured in all patients; however, information on
fasting was recorded only in 112 patients (80.0%). The
test was performed after fasting in 73.2% (82/112),
and in 11.0% (9/82) of these cases the values were
> 126 mg/dL. Of those 9 patients, 4 (44.4%) had a
previous diagnosis of type 2 DM.

Age and BMI medians were significantly higher in the
DMTB group. Higher use of tobacco, alcohol, and illicit
drugs was observed in the PDMTB group (Table 1).

Regarding symptoms suggestive of PTB, previous
tuberculosis treatment, and HIV infection, no statistical
differences were observed between normoglycemic
and dysglycemic patients with tuberculosis. Cough
and sputum were reported by all patients, as both
variables were included in the definition of individuals
with respiratory symptoms, an eligibility criterion
adopted in the study (Table S1).

CXR findings and microbiological and
molecular test results at diagnosis of PTB and
during follow-up

At diagnosis of PTB, patients in the PDMTB group
more frequently presented with cavitary disease
on CXR (84.8%) when compared with those in the
NGTB (63.0%) and DMTB (65.0%) groups. There

were no statistical differences in the mean number
of cavities and in the number of cavities larger than
2 cm among the three groups of patients. However,
bilateral lesions were more frequently observed in
the DMTB group than in the NGTB group (70% vs.
46%; p = 0.03). The mean number of thirds of the
lungs affected was statistically higher in the DMTB and
PDMTB groups than in the NGTB group. In patients
with dysglycemia, in comparison with those in the
NGTB group, cavities (80.2% vs. 63.0%) and bilateral
lesions on CXR (67.4% vs. 46.0%) were more common,
and there was also a higher number of affected thirds
of the lungs (median, 3 vs. 2). During the follow-up
period (M, and M,,,), no statistical differences were
observed in CXR findings among the three groups of
patients (Table 2).

Positivity on sputum smear microscopy was
significantly higher in the PDMTB and DMTB groups
(93.0%) than in the NGTB group (75.9%; p = 0.005);
however, positive Xpert MTB/RIF and M. tuberculosis
culture results in sputum were similar among the
groups (Table 3). Resistant M. tuberculosis strains
were more common in the NGTB (20.9%) and PDMTB
(19.0%) groups than in the DMTB group (10.0%).
The most common drug resistance patterns were
monoresistance to streptomycin (45.8%, 11/24)
and to isoniazid (25.0%, 6/24). During follow-up,
no significant differences were observed regarding
microbiological test results in the three groups of
patients (Table 3).

Univariate and multivariate analyses of
clinical, radiographic, and microbiological
characteristics associated with dysglycemia

Univariate and multivariate logistic regression
analyses of clinical, radiographic, and microbiological

Table 1. Sociodemographic data of patients with pulmonary tuberculosis (N = 140), in accordance with glycated
hemoglobin levels at the time of diagnosis.?

Variable NGTB group PDMTB group p® DMTB group

(n = 54) (n = 66) (n = 20)

Sex Female 16 (29.6) 23 (34.8) 0.56 8 (40.0) 0.41  0.46
Male 38 (70.4) 43 (65.2) 12 (60.0)

Age years 33.5 [24.0-46.0] 35.5 [26.7-48.5] 0.29 44.0 [37.2-57.0] 0.01 0.08

Skin color White 12 (22.2) 9 (13.6) 0.23 3 (15.0) 0.74 0.25
Non-White 42 (77.8) 57 (86.4) 17 (85.0)

Schooling < 8 years 25 (46.3) 40 (60.6) 0.14 10 (50.0) 0.79 0.22
> 8 years 29 (53.7) 26 (39.4) 10 (50.0)

BMI kg/cm? 19.6 [17.2-21.1] 19.2 [18.2-21.5] 0.38 23.1[20.0-26.6] <0.005 0.05

BMI > 18.5 kg/cm? 33 (61.1) 44 (66.7) 0.56 18 (90.0) 0.02 0.19
< 18.5 kg/cm? 21 (38.9) 22 (33.3) 2 (10.0)

Tobacco No 33 (61.1) 31 (47.7) 0.19 15 (75.0) 0.41 0.48
Yes 21 (38.9) 34 (52.3) 5 (25.0)

Alcohol No 27 (50.0) 30 (46.2)¢ 0.71 13 (65.0) 0.30 1.00
Yes 27 (50.0) 35 (53.8)¢ 7 (35.0)

Ilicit drugs No 41 (75.9) 47 (72.3)° 0.68 17 (85.5) 0.53 1.00
Yes 13 (24.1) 18 (27.7)° 3 (15.0)

NGTB: normoglycemia (NG; glycated hemoglobin [HbAlc < 5.7%]) + tuberculosis (TB); PDMTB: pre-diabetes
mellitus (PDM; HbAlc = 5.7-6.4%) + TB; and DMTB: (DM; HbAlc = 6.5%) + TB. ®Values expressed as n (%) or
median [IQR]. °NGTB vs. PDMTB. °NGTB vs. DMTB. {NGTB vs. PDMTB+DMTB. ¢n = 65.
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Table 2. Chest radiography findings in patients with pulmonary tuberculosis (N = 140) at diagnosis, after completing
the second month of treatment, and at the end of tuberculosis treatment, in accordance with the levels of glycated

hemoglobin.2

Finding NGTB group PDMVITB group p° DMTB group
M (n = 54) (n = 66) (n = 20)
Presence of cavity Yes 34 (63.0) 56 (84.8) 0.01 13 (65.0) 1.00 0.03
No 20 (37.0) 10 (15.2) 7 (35.0)
Number of cavities 3.0 [1.0-4.0] 3.0 [2.0-4.0] 0.64 3.0 [1.0-6.0] 0.97 0.68
Cavity > 2 cm Yes 33 (97.1) 52 (92.9) 0.64 13 (100) 1.00 1.00
No 1(2.9) 4(7.1) 0 (0.0)
Lesion® Unilateral 27 (54.0) 22 (33.3) 0.03 6 (30.0) 0.1 0.02
Bilateral 23 (46.0) 44 (66.7) 14 (70.0)
Number of affected thirds 2.0[2.0-3.2] 3.0 [2.0-4.0] 0.06 3.0 [2.2-4.5] 0.06 0.03
NGTB group PDMVITB group DMTB group
(n = 27) (n = 26) (n = 11)
Presence of cavity Yes 13 (48.1) 14 (53.8) 0.78 7 (63.6) 0.48 0.61
No 14 (51.9) 12 (46.2) 4 (36.4)
Number of cavities 2.0 [1.0-3.0] 2.0 [1.0-3.0] 0.79 2.0 [1.0-4.0] 0.91 0.87
Cavity > 2 cm Yes 8 (61.5) 10 (71.0) 0.69 6 (85.7) 0.35 0.45
No 5 (38.5) 4 (28.6) 1(14.3)
Lesionf Unilateral 15 (57.7) 9 (34.6) 0.16 9 (90.0) 0.11  0.61
Bilateral 11 (42.3) 17 (65.4) 1(10.0)
Number of affected thirds 2.0[1.0-2.2] 2.0 [2.0-3.0] 0.09 2.0[1.7-2.0] 0.71  0.13

NGTB group PDMTB group DMTB group
(n = 29) (n = 35) (n = 12)
Presence of cavity Yes 5(17.2) 7 (20.0) 1.00 1(8.3) 0.65 1.00
No 24 (82.8) 28 (80.0) 11 (91.7)
Number of cavities 1.0 [1.0-2.5] 1.0 [1.0-2.0] 0.75 1.0 [1.0-1.0] 1.00 0.83
Cavity > 2 cm Yes 4 (80.0) 5(71.4) 1.00 1 (100) 1.00 1.00
No 1(20.0) 2 (28.6) 0 (0.0)
Lesion® Unilateral 13 (65.0) 10 (37.0) 0.08 10 (100) 0.06 0.57
Bilateral 7 (35.0) 17 (63.0) 0 (0.0)
Number of affected thirds 1.5 [1.5-2.0] 2.0 [1.0-2.0] 0.17 1.0 [1.0-2.0] 0.39 0.48

NGTB: normoglycemia (NG; glycated hemoglobin [HbAlc < 5.7%]) + tuberculosis (TB); PDMTB: pre-diabetes
mellitus (PDM; HbAlc = 5.7-6.4%) + TB; DMTB: (DM; HbAlc = 6.5%) + TB; M,: at diagnosis; M,: after completing
two months of treatment; and M_.: at the end of treatment. 2Values expressed as n (%) or median [IQR]. °NGTB

END "

vs. PDMTB. °NGTB vs. DMTB. ¢NGTB vs. PDMTB + DMTB. ¢n = 136. 'n = 62. 9n = 57.

characteristics at M, associated with dysglycemia are
presented in Table 4. Higher BMI, presence of cavities
on CXR, and positive sputum smear microscopy were
independently associated with dysglycemia among
the patients with PTB.

Variation in HbA1c levels during
tuberculosis treatment

The distributions of HbA1c levels (in %) assessed at
M, M, and M, are shown in Figure 1. A significant
reduction in HbAlc above normal levels (= 5.7%)
was observed at M,, particularly in the PDMTB group
(from 47% at M, to 14% at M,), that is, among the 66
patients in the PDMTB group at M, dysglycemia was
not confirmed at M, in 46 (70%). The median HbA1c
levels in the PDMTB and DMTB groups, respectively,
significantly decreased from M;—5.9% [5.8-6.1%]
and 9.7% [6.8-11.8%]—to M,—5.4% [5.1-5.6%] and
8.1% [5.9-12.5%]—to M, ,—5.4% [5.2-5.7%] and
8.4% [6.3-10.3%]. We found a significant reduction
in dysglycemic levels at M, compared with those at M,
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(61% vs. 25%; p = 0.001), which stabilized between
M, and M, (25% vs. 28%; p = 1.0). However,
among 8 of the patients in the PDMTB group at M,,
5 (62.5%) already had HbA1c levels > 5.7% at M,.

Tuberculosis treatment outcomes

All patients used the standard regimen for
tuberculosis treatment (including patients with isoniazid
resistance, who had their treatment extended to
nine months), and the mean duration of tuberculosis
treatment (in months) in the NGTB, PDMTB, and
DMTB groups, respectively, were 6.8, 6.2, and 7.1
months (p = 0.13). Information on tuberculosis
treatment outcomes was available for all patients
except 1 (referred to another clinic). Among the
139 patients evaluated, 29 were lost to follow-up, 2
had treatment failure, 102 had favorable treatment
outcomes (7 cured and 95 completed treatment),
and 6 died. There were no significant associations of
sociodemographic, clinical, and laboratory variables
with the treatment outcomes. Patients in the PDMTB
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Table 3. Microbiological data of patients with pulmonary tuberculosis (N = 140) at diagnosis, after completing the second
month of treatment, and at the end of tuberculosis treatment, in accordance with the levels of glycated hemoglobin.?

Variable NGTB group PDVITB
group
M 5 (n = 66)
Xpert MTB/RIF in Nondetectable 3(5.7) 2 (3.0) 0.65 0(0.0) 0.55 0.36
sputum® Detectable 50 (94.3) 64 (97.0) 20 (100)
Smear microscopy Negative 13 (24.1) 5(7.6) 0.01 1 (5.0) 0.09 0.005
Positive 41 (75.9) 61 (92.4) 19 (95.0)
Positive smear <3+ 20 (48.8) 32 (52.5) 0.84 10 (52.6) 1.00 0.70
microscopy 3+ 21 (51.2) 29 (47.5) 9 (47.0)
MTB culture Negative 3(5.6) 1(1.1) 0.32 0(0.0) 0.55 0.29
Positive 51 (94.4) 65 (98.5) 20 (100)
Drug susceptibility Sensitive 38 (79.2) 51 (81.0) 1.00 18 (90.0) 0.41 0.81
testing’ Resistant 10 (20.9) 12 (19.0) 2 (10.0)
Drug resistancef Rifampin 0 (0.0) 0 (0.0) 0.12 0(0.0) 0.66 0.15
Isoniazid 4 (8.3) 1(1.6) 1(5.0)
Ethambutol 1(2.1) 0 (0.0) 0 (0.0)
Pyrazinamide 1(2.1) 0(0.0) 0 (0.0)
Streptomycin 2 (4.2) 8 (12.7) 1 (5.0)
Isoniazid + 2 (4.2) 3 (5.7) 0(0.0)
Streptomycin

Smear microscopy Negative 19 (76.0) 26 (81.3) 0.74 7 (78.0) 1.00 0.76
Positive 6 (24.0) 6 (18.8) 2 (22.0)
Positive smear < 3+ 5(83.3) 6 (100) 1.00 2 (100) 1.00 0.42
microscopy 3+ 1(16.7) 0 (0.0) 0 (0.0)
MTB culture® Negative 13 (72.0) 13 (87.0) 0.41 5 (83.0) 1.00 0.43
Positive 5 (28.0) 2 (13.0) 1(17.0)
NGTB group
(n = 13)
Smear microscopy Negative 12 (92.0) 22 (96.0) 1.00 3 (100) 1.00 1.00
Positive 1(8.0) 1(4.0) 0 (0.0)
Positive smear <3+ 0 (0.0) 1 (100) 1.00 0 (0.0) N/A 1.00
microscopy 3+ 1 (100) 0 (0.0) 0 (0.0) N/A
MTB culture” Negative 5 (83.0) 11 (100) 0.35 0 (0.0) 0.35
Positive 1 (16.0) 0 (0.0) 0 (0.0)

NGTB: normoglycemia (NG; glycated hemoglobin [HbAlc < 5.7%]) + tuberculosis (TB); PDMTB: pre-diabetes
mellitus (PDM; HbAlc = 5.7-6.4%) + TB; DMTB: (DM; HbAlc = 6.5%) + TB; MTB: Mycobacterium tuberculosis; M,:
at diagnosis; M,: after completing two months of treatment; and M_,: at the end of treatment. ?Values expressed as

n (%). ®NGTB vs. PDMTB. ‘NGTB vs. DMTB. ¢NGTB vs. PDMTB + DMTB. ¢n = 139. 'n = 131. 9n = 39. '"n = 17.

Table 4. Univariate and multivariate analysis of clinical, radiographic, and microbiological characteristics at the time of
diagnosis of tuberculosis associated with dysglycemia among patients with pulmonary tuberculosis.

Variable Normoglycemia Dysglycemia Analysis

NGTB group PDMTB + DMTB Unadjusted Adjusted
groups
(n = 54) (n = 86) OR (95% CI) OR (95% CI)
Age, years 33.5 [24.4-45.0] 38.0 [27.0-50.8] 1.20 (0.95-1.52) 1.12 (0.86-1.46)*
Female sex 16 (29.6) 31 (36.0) 1.33 (0.64-2.82) 1.07 (0.48-1.46)
BMI, kg/m? 19.6 [17.3-21.0] 19.9 [18.4-22.5] 1.11 (1.00-1.24) 2.36 (1.31-4.61)*
Positive smear microscopy 41 (75.9) 80 (93.0) 4.13 (1.50-12.07) 4.59 (1.38-17.75)
Cavity on chest radiography 34 (63.0) 69 (80.2) 2.37 (1.10-5.18) 2.81 (1.13-7.22)

aValues expressed as n (%) or median [IQR]. *OR considering an increment of 10 years. **OR considering an
increment of 5 units of BMI.
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and DMTB groups showed no significantly higher
frequencies of unfavorable outcomes (death, treatment
dropout, or treatment failure) when compared with
those in the NGTB group (25.0% vs. 33.9%). At
Mg\ 12 patients in the PDMTB group had favorable
outcomes (cure or treatment completion). Likewise,
there was no significant difference between tuberculosis
treatment outcomes (favorable or unfavorable) and
HbA1c levels (p = 0.38). However, of the 6 patients
who died, 4 were in the DMTB group. Tuberculosis
lethality was 20% (4/20) among the patients in the
DMTB group, whereas it was 2.2% in the PDMTB
(1/46) and NGTB (1/45) groups. Despite the analysis
limitation due to the small number of events, we
observed a significant association between death
and higher HbA1c levels (Figure 2).

DISCUSSION

In countries with a high tuberculosis burden such
as Brazil, few prospective studies have analyzed the
clinical, microbiological, and radiographic characteristics
of PTB patients or the role of DM and pre-DM in PTB
treatment outcomes.(®1%)

In our study, the frequency of DM among PTB
patients (14.2%) was higher than that reported in
another study in Brazil® and closer to those reported
in other series (from 12.8% to 25%),*5' but lower
than that reported in a study conducted in India,*>
in which the proportion of patients with tuberculosis
and DM was 30%. In countries such as China?® and
Kenya,®V the frequency of the DMTB association has
been found to be lower (5.0% and 6.3%, respectively)
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Figure 1. Proportion of patients diagnosed with pulmonary
tuberculosis regarding glycemic state (determined by
glycated hemoglobin levels) at three moments of evaluation:
at the diagnosis of tuberculosis (M,; n = 140); after
completing the second month of treatment (M,; n = 99);
and at the end of tuberculosis treatment (M,,; n = 86).
DM: diabetes mellitus.
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than that found in our study. In other studies carried
out in Brazil, the frequency of DM among tuberculosis
patients was similar to our findings (13.6% and
14%).(>223 The differences in the prevalence of DM
observed in those studies, carried out in different
geographical regions, may be associated with genetic
predispositions to DM, dietary habits (including alcohol
consumption), obesity, age distribution, and sedentary
lifestyle, but they may also be due to diverse methods
to evaluate dysglycemia.*>23

Although the screening for DM in patients with
tuberculosis at the beginning of treatment is
internationally recommended, the test to be used
(fasting glucose, glucose tolerance test, or HbA1c)
and the timing of repeat testing may vary according
to local conditions. 242 In our study, the information
on fasting glycemia was collected in only 58.6% of
the patients. Therefore, we chose to use HbAlc as
a screening test, considering levels > 6.5% as the
criterion for DM diagnosis.(**327) The use of HbAlc
as a screening test for DM has some advantages,
such as not requiring the patient to fast and having
greater pre-analytical stability. However, the test
has limitations: it is more expensive and influenced
by other conditions (age, ethnicity, and presence of
anemia).?”) Moreover, HbA1c testing can detect up
to a third less DM cases when compared with a blood
glucose fasting level = 126 mg/dL.?®

Symptoms of tuberculosis in patients with DM
appear to be more common and severe than do
those described in patients with tuberculosis without
DM. @229 However, we found no significant differences
regarding the typology or duration of symptoms
between the NGTB group and the dysglycemic groups
in our cohort. Patients with DMTB had a higher mean
age and BMI (suggestive of overweight), which is
a common finding in patients with type 2 DM, as
reported in other studies. 62129

CXR findings in patients with the DMTB are more
frequently associated with the presence of multiple
cavities and bilateral pulmonary involvement. Patients
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Figure 2. Box plots showing glycated hemoglobin levels
at the diagnosis of pulmonary tuberculosis in patients
with pulmonary tuberculosis whose outcome was survival
or death. *Nonparametric Wilcoxon-Mann-Whiney test.
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with DMTB also have a higher frequency of “atypical”
findings on CXR, with lesions in the lower lobes,
especially in patients with poor glycemic control.3%-32)
In our sample, the presence of cavities, bilateral
lesions, and involvement of a greater number of thirds
of the lungs were more common among dysglycemic
patients. As there are scarce data on the radiographic
and inflammatory profiles of DMTB patients during
tuberculosis treatment,®® our findings corroborate
the results described in one study®% involving guinea
pigs with chronic hyperglycemia and showing a lower
innate immune response in the presence of alveolar
macrophages infected by M. tuberculosis. The animals
presented a delay in the specific T response and
subsequent hyperinflammation, with high levels of
Th1, Th2, and Th17 cytokines; neutrophilia; and high
pulmonary bacillary load.®* The fact that sputum
smear microscopy is more frequently positive in
dysglycemic patients might be a consequence of
a reduced control in M. tuberculosis multiplication.
In case series in India®®” and in China,®® higher
proportions of positive sputum smear microscopy
were also reported among diabetic patients.

No differences regarding the use of alcohol, tobacco,
or illicit drugs were found among the groups studied,
corroborating what has been described in other
studies.**2% However, studies carried out in Brazil?>>®
identified a higher frequency of tobacco use in patients
with DMTB than in those with tuberculosis without DM.
In a cohort of tuberculosis patients in South Korea,
the risk of death was almost five-fold greater in the
presence of DM and tobacco use.(>

The differences in radiographic and microbiological
findings observed between normoglycemic and
dysglycemic patients at the diagnosis of tuberculosis
were no longer present during follow-up. However,
the analysis of radiographic and microbiological
examinations during follow-up involved a smaller
number of patients, and, therefore, our sample might
have lacked power to identify such differences. In
addition, the high proportion of deaths in the DMTB
group (20%) might indicate a less effective response
to antituberculosis therapy in patients with DMTB.
The duration of tuberculosis treatment for patients
with DMTB recommended by most guidelines, 3
including the Brazilian recommendations,” is the same
for patients with tuberculosis without DM. However,
patients with DMTB usually have a higher risk of toxicity
to antituberculosis drugs (peripheral neuropathy due
to isoniazid and ocular neuropathy due to ethambutol),
drug interactions (in particular, rifampin), and low
plasma concentrations of antituberculosis drugs.G®
All of these factors might contribute to unfavorable
treatment outcomes in these patients.

In our study, pre-DM was identified in 47.1% of the
patients with tuberculosis, which was higher than that
described in other studies, with prevalences ranging
from 7.4% to 37.5%.(&1617.19-21) However, we observed
a significant reduction in HbAlc levels in the second
month of treatment. Normalization of glycemic levels

during tuberculosis treatment in initially dysglycemic
patients has also been reported by other authors.(1%:3%:40)
In the study by Calderon et al. carried out in Peru,*
the prevalence of pre-DM patients decreased from
31% at the diagnosis of tuberculosis to 17% after
completing the second month of treatment, maintaining
the same proportion at the sixth month of treatment.
These findings suggest that dysglycemia identified at
the time of diagnosis is partially due to stress-induced
hyperglycemia, a consequence of the inflammatory
response to M. tuberculosis, which gradually decreases
in consequence of infection control.?°40

Tuberculosis treatment outcomes were not
significantly different between normoglycemic and
dysglycemic patients. The reason for the lack of
such differences might be due to the inclusion of a
nonbiological variable, such as loss to follow-up, among
the unfavorable outcomes. However, when analyzing
the cases that progressed to death, there was higher
lethality among the patients in the DMTB group, and
an association between higher levels of HbAlc and
death was observed. The association between DM and
death during tuberculosis treatment was previously
described in a systematic review and in a systematic
review and meta-analysis,®* in which the OR for
death/treatment failure ranged from 1.69(* to 1.88.®

Our study has limitations that are mainly related to
the sample size, which might have limited the detection
of significant associations, particularly during follow-up,
when there was a further reduction in the number of
participants. Furthermore, by including only patients
with a medium/high probability of PTB using a clinical
score for screening, we did not analyze patients
with less exuberant symptoms, that is, in the early
stages of the disease or with “atypical” presentations.
Despite these limitations, the prospective nature of
the study, with the collection of clinical, laboratory,
and radiographic data at three different moments (M,,
M,, and M, ;) made it possible to assess the evolution
of these parameters, such as the variation of HbAlc
levels and their association with treatment outcomes.

In summary, we presented the results of a prospective
cohort of patients with confirmed PTB, identifying
high proportions of patients with associated DM and
pre-DM, more advanced disease in patients with
dysglycemia, and higher frequency of deaths among
patients with the DMTB association. These findings
reinforce the need for dysglycemia screening at the
time of diagnosis of tuberculosis in order to identify
patients with pre-DM and DM early, offering them
treatment for both diseases. New prospective studies,
involving a representative sample of patients with
tuberculosis, are needed to understand the role of
dysglycemic states in tuberculosis and in the risk of
progression to DM.
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ABSTRACT

Objective: The present study aimed to describe the clinical forms and the time taken to
diagnose new tuberculosis cases and to statistically analyze the isolated and combined
forms of the disease in children and adolescents treated at a university hospital in Rio
de Janeiro during the first year of the COVID-19 pandemic in Brazil. Methods: This
was a cross-sectional study that used retrospective data on children (0-9 years old)
and adolescents (10-18 years old) with pulmonary (PTB), extrapulmonary (EPTB), and
combined tuberculosis (PTB + EPTB) followed up at the outpatient clinic from January
2019 to March 2021. Categorical data were analyzed by descriptive statistics and
expressed as frequency and proportions. Categorical variables were compared using
the Chi-square test, and numerical variables using Student’s T-test. Results: A total of
51 cases were included, 63% (32/51) of which comprised patients in the year of the
pandemic (group A), while 37% (19/51) were patients attended in previous years (group
B). In group A, 19% (6/32) of the patients presented PTB, 59% (16/32) had EPTB, and
31% (10/32) had PTB+EPTB. In group B, 42% (8/19) of the patients presented PTB,
42% (8/19) had EPTB, and 16% (3/19) had PTB+EPTB. Conclusion: Our study revealed
more tuberculosis cases in the first year of the pandemic than in the same period of the
previous year, with greater variation of sites affected by the disease, including rarer and

more severe forms.

Keywords: pandemic, children, adolescents, tuberculosis, coronavirus.

INTRODUCTION

Tuberculosis is a communicable disease that constitutes
one of the leading causes of death worldwide. Since
1993, it has been considered a global emergency and a
challenging public health problem. In 2019, approximately
ten million people contracted tuberculosis, with 73,864
new cases in Brazil. At the end of that year, the global
indicators of tuberculosis disease burden declined,
and access to prevention and treatment improved.(-

The coronavirus disease (COVID-19) pandemic
has reversed years of progress. For the first time in
more than a decade, the number of deaths due to
tuberculosis has increased, and the reduced disease
incidence achieved in previous years has decreased.
Approximately half of the people with tuberculosis had
no access to healthcare in 2020 and, therefore, were
not reported. A recent study published by the Stop
Tuberculosis Partnership organization showed that
social isolation measures, which reduce the demand
for services, may consequently lead to 6.3 million new
cases and 1.3 million more deaths due to the disease

by 2025. However, the impact of tuberculosis has been
estimated to be much worse in 2021 and 2022.G%

In 2020, economic and human health resources
were reallocated due to the high priority of COVID-19,
interrupting current health programs and reducing
the early diagnosis and treatment of several diseases,
including tuberculosis. The impact of the pandemic on
the care of infectious diseases may have been greater
in the area of pulmonary diseases than in others, as
specialized teams concentrated their efforts to control
COVID-19, thus dismantling specific tuberculosis
services.””” The negative impact of these measures could
lead to an increase of up to 20% in the number of deaths
by tuberculosis in the next five years.(®® Tuberculosis
control measures have failed to achieve the global goals
established by the United Nations (UN). Approximately
19.8 million people were treated for tuberculosis from
2018 to 2020, corresponding to only half of the 5-year
goal of 40 million (2018-2022). In the same period, only
1.4 million children were treated, equivalent to 41%
of the 5-year goal of 3.5 million. In 2020, the global
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expenditure on tuberculosis services was US$5.3
billion, half of what is needed to control the disease,
and preventive treatment decreased by 22% when
compared to the previous year.( In Rio de Janeiro,
there was a 16% increase in tuberculosis cases from
2015 to 2020, with 7,050 new cases in 2021. As for
spatial distribution, the cases were more concentrated
in areas of high population density and greater social
vulnerability. The cure rates in laboratory-confirmed
tuberculosis cases showed a significant decrease
of 60.1% in 2020, with progressively increasing
mortality (2019-2020) and treatment abandonment
(2017-2021).®

The aim of the present study was to describe the
clinical forms and the time taken to diagnose new
tuberculosis cases and to statistically analyze the
isolated and combined forms of tuberculosis in children
and adolescents treated at a university hospital in
Rio de Janeiro during the first year of the COVID-19
pandemic in Brazil.

METHODS

This cross-sectional study used retrospective data
on children (0-9 years old) and adolescents (10-18
years old) with pulmonary (PTB), extrapulmonary
(EPTB), and combined tuberculosis (PTB + EPTB)
who were followed up at the pediatric pulmonology
outpatient clinic of the Instituto de Puericultura e
Pediatria Martagdo Gesteira - (IPPMG), a reference
university pediatric hospital in Rio de Janeiro, from
January 1, 2019, to March 1, 2021.

The inclusion criteria were patients identified in the
tuberculosis case registry book who were followed up
at the IPPMG during the disease treatment period.
Clinical and epidemiological data were obtained from
medical records; patients whose medical records
were not found were excluded.

The evaluated variables included disease history
(fever, cough, weight loss, adynamia, dyspnea, and
adenomegaly); contact with tuberculosis; diagnostic
score of the Ministry of Health - Brazil (MoH-Brazil);
alterations in chest radiography (lymph node hilum
enlargement, miliary pattern, expansile pneumonia,
cavitations, calcifications, pleural effusion, and
atelectasis); 19 acid-fast bacilli (AFB) on Ziehl-Neelsen
smears; culture of Mycobacterium tuberculosis
(M.tb); Gene Xpert MTB-RIF and Gene Xpert Ultra
tests (Cepheid - USA); tuberculin skin test (TST)
positivity (= 5 mm); antibody tests for human
immunodeficiency virus (HIV), and healthcare prior
to PTB diagnosis (antibiotic therapy for common
germs without improvement).

The diagnosis of PTB was established according to
the MoH-Brazil clinical score (more than 40 points,
very likely; 30-35 points, possible; less than 25
points, unlikely) based on epidemiological and
clinical-radiological criteria, TST (positive = 5 mm;
negative < 5 mm), and bacteriological analyses.‘*V)

The diagnosis of EPTB, in turn, was based on clinical
and epidemiological criteria, TST, and invasive
biopsy results compatible with tuberculosis. Patients
with a diagnosis based on these criteria and whose
response to treatment with antituberculosis drugs
was satisfactory after two months of initiation were
classified as having tuberculosis and included in
the study.

The tuberculosis patients were divided into two
groups: group A - from March 2020 to March 2021,
corresponding to the first year of the COVID-19
pandemic; and group B - from January 2019 to
February 2020, the period corresponding to the year
before the pandemic.

The Gene Xpert MTB-RIF Ultra (Ultra) test was
used when appropriate in patients in group A, and
the Gene Xpert MTB-RIF (Xpert) test was used in
patients in group B. Ultra’s bacterial load detection
is categorized as high, medium, low, and positive
traces. In EPTB, positive traces indicate a positive
M.tb result.(*?

Data were entered into a Microsoft Excel 12.0 (Office
2007) spreadsheet. The categorical data were analyzed
by descriptive statistics and expressed as frequency
and proportions, whereas non-categorical data were
analyzed by numerical variables as minimum and
maximum values and median and expressed as a box
plot. Categorical variables were compared using the
Chi-square test, and numerical variables using Student’s
T-test; p-values < 0.05 were considered significant.

The present study was approved by the Research
Ethics Committee (REC) of the IPPMG, Federal
University of Rio de Janeiro - UFRJ, under Certificate
of Presentation for Ethical Appreciation (CAAE) No.
45439221.3.0000.5264.

RESULTS

A total of 51 patients were attended from 2019 to
2021. Group A included 32 patients: 60% (19/32) male
and 47% (15/32) from the city of Rio de Janeiro. The
age range varied from two to 205 months (median
of 109 months), with 47% (15/32) adolescents and
53% (17/32) children. Group B comprised 19 patients:
58% (11/19) female and 84% (16/19) from the city
of Rio de Janeiro. The age range varied from four to
182 months (median of 84 months), with 37% (7/19)
adolescents and 63% (12/19) children.

Group A showed a 68% increase in the number of
tuberculosis cases when compared to the previous
year (group B). Both groups had a higher prevalence
of children; however, group A had a higher frequency
of adolescents than group B.

Figure 1 shows the number of new cases identified
since the first case in group B, through the first case
of COVID-19 in Brazil, the declaration of COVID-19
as a pandemic (3/11/2020), and the beginning and
end of the lockdown (May to October 2020), up to
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the implementation of new restrictive measures
(3/26/2021).

As for the case outcomes, three patients died in
group A, while none died in group B.

Figure 2 shows the forms of tuberculosis presentation

in each group.
The data on clinical history, contact with tuberculosis
patients, TST results, and healthcare prior to the
final diagnosis in patients with PTB, EPTB, and PTB
+ EPTB in groups A and B are described in Table 1.

The radiological aspects of children and adolescents
with PTB and PTB + EPTB were distributed in groups A
and B. The three main forms observed were: expansile
pneumonia, pleural effusion, and lymph node hilum
enlargement. In group A, they represented 62%
of the cases, with 28% (9/32) exhibiting expansile
pneumonia, 25% (8/32) pleural effusion, and 9%
(3/32) lymph node hilum enlargement. Meanwhile,

in group B, they represented 84% of the cases, with
42% (8/19) with expansile pneumonia, 31% (6/19)
pleural effusion, and 11% (2/19) lymph node hilum
enlargement.

The 14 patients with PTB presented clinical scores
equal to or greater than 30 points, with 100% of the
patients in group A (6/6) and 87% in group B (7/8).
The laboratory tests used are described in Table 2.

In group A, six patients showed detectable results
in the Ultra test, while in group B, two showed
detectable results in the Xpert test. In groups A
and B, 33% (3/19) and 25% (8/32) of the patients,
respectively, were diagnosed with tuberculosis and
started treatment during hospitalization.

The types of EPTB in groups A and B are detailed

in Table 3.

Coinfection with HIV was identified in 2/19 of the
tested patients: one patient in group A (with severe
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Figure 1. Graph indicating the number of active tuberculosis cases diagnosed at the IPPMG-UFRJ from 2019-2021.

51 cases of
tuberculosis

[
19 tuberculosis 32 tuberculosis
Group B Group A
(2019-2020) (2020-2021)
I I
[ [ | [ [ |
42% (8/19) 42% (8/19) 16% (3/19) 19% (6/32) 50% (16/32) 31% (10/32)
PTB EPTB PTB+EPTB PTB EPTB PTB+EPTB

Figure 2. Flowchart of tuberculosis distribution by clinical presentation. EPTB: extrapulmonary tuberculosis; PTB

pulmonary tuberculosis. Group A - 2020-2021; Group B - 2019-2020.
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TOTAL
(n = 51)

A B
(n = 32) (h =

19)

Table 1. Clinical data, diagnosis, and therapeutic course from 2019-2021.2

Clinical History Fever 25 (78%) 13 (68%) 6 (100%) 5 (62%) 13 (81%) 5 (62%) 6 (60%) 3 (100%)
Cough 10 (32%) 7 (37%) 5(83%) 6 (75%) 1 (6%) 0 (0%) 4 (40%) 1 (33%)
Weight loss 11 (35%) 6 (30%) 2 (33%) 5 (62%) 6 (40%) 0 (0%) 3 (30%) 1 (33%)
Adynamia 11 (35%) 2 (10%) 2 (33%) 2 (25%) 7 (43%) 0 (0%) 3 (30%) 0 (0%)
Adenomegaly 14 (45%) 7 (37%) 0 (0%) 0 (0%) 9 (60%) 7 (87%) 5 (50%) 0 (0%)
Dyspnea 8 (25%) 5(25%) 4 (66%) 1 (12%) 0 (0%) 3(20%) 4 (40%) 3 (100%)

Prior Service Yes 20 (63%) 14 (73%) 3 (50%) 5 (62%) 10 (63%) 8 (100%) 7 (70%) 1 (34%)

Attention

Contact with  Yes 11 (35%) 11 (58%) 1 (12%) 5 (62%) 6 (40%) 5 (45%) 4 (40%) 1 (33%)

Tuberculosis

Group A B

(n = 28) (n = 15)

Positive Yes
Tuberculin Test

16 (52%) 12 (63%)

2 (40%)

4(80%) 7 (54%) 6 (75%) 7 (70%) 2 (100%)

EPTB: extrapulmonary tuberculosis; PTB: pulmonary tuberculosis. Group A (2020-2021); Group B (2019-2020).

aValues expressed as n (%).

immunosuppression according to the Center for Disease
Control and Prevention (CDC) classification)**> and
one patient in group B. Both had a previous diagnosis
of HIV and were using antiretroviral therapy, but
with poor adherence by the patient in group A. The
graph in Figure 3 represents the time expended from
symptom onset (days) until the final diagnosis of
tuberculosis in groups A and B.

Group A presented greater variability than group B;
this value dispersion resulted in a significant variation
in the number of days since symptom onset. Outliers
were found on different days in group A. The median
number of days for the diagnosis of tuberculosis was
56 days in group A and 42 days in group B (p < 0.01).

DISCUSSION

The present study was conducted at a referral
hospital in Rio de Janeiro (RJ), Brazil, and showed
that the COVID-19 pandemic in Brazil led to delayed
tuberculosis diagnoses in children and adolescents.

The COVID-19 pandemic reduced the demand
for care at health centers. This, added to poverty
and confinement in households where many people
live together in small physical spaces, which are
mostly poorly ventilated,*) increased the number of
tuberculosis cases in Brazil, an effect that was also
identified at our service.

Our study shows that there were more tuberculosis
cases in the first year of the pandemic than in the
same period in the previous year, predominantly
in children over five years of age, in both years.
According to the World Health Organization, 11% of
the children in the world had tuberculosis in 2020.
With respect to adults, men were found to be more
affected than women.*> Although the age group

was different, this pattern was observed herein in
the patients from group A; however, the same did
not occur in group B. As for clinical presentation,
symptoms of fever and cough were more prevalent
when evaluating PTB and combined cases, which
contributed to the MoH-Brazil clinical score. Group B
also presented low laboratory test (AFB and culture)
positivity, corroborating the fact that children are
paucibacillary or bacillus-negative. Nevertheless,
with the replacement of the Gene Xpert MTB-RIF
cartridge with the Ultra cartridge, in 2020, a greater
number of patients in group A had their diagnosis
of tuberculosis confirmed; this was due to the fact
that the latter method increases the sensitivity of
the diagnosis on account of its lower detection limit
for M.tb.*» The Ultra test has a detection limit of
M.tb of less than 15.6 CFU, while the Xpert assay
has a limit of 116 CFU. Despite the use of this new
technique, considering the singularities of PTB in
children and adolescents, MoH-Brazil recommends that
the diagnosis in this age group be performed based
on the scoring system. This system values clinical,
radiological, and epidemiological data and does not
include bacteriological confirmation.®®

In group A, the EPTB cases showed a greater variety
of sites affected by the disease, including rarer and
more severe forms than in group B. The lack of
access to healthcare services and the non-specificity
of symptoms, which can be confused with other
diseases, may have contributed to this finding.(®

Likewise, the emergency care that was previously
available and the greater delay in the diagnosis in
group A can be attributed to the difficult immediate
diagnosis in the period from 2020 to 2021 due to
the greater demand for emergency services caused
by the pandemic.®

J Bras Pneumol. 2022;48(6):e20220240

Sant'Anna CC ’P

477



* Clinical forms and diagnosis of tuberculosis in children and adolescents during the COVID-19 pandemic

The analysis of the time taken until the diagnosis of

=

) ~ - ~ tuberculosis in group A, even with patients seeking

T>u S S S emergency care, showed a greater number of previous

a visits and a longer time to establish the diagnosis
in group A than in the previous year (group B).

— _ . Thus, these patients may have had their access and
2 Y © 28 R = clinical support for tuberculosis diagnosis affected b

2 R &3 2 2 PP J Y

I ce S = - — the interruption of tuberculosis services during the

COVID-19 pandemic. Reduced tuberculosis diagnoses
during the pandemic were observed worldwide, based
on the lower number of notifications.®

In the context of tuberculosis-HIV coinfection, the
number of cases found in this study was lower than
10%, corroborating what happens at the state level,
in which the proportion of tuberculosis-HIV cases in
the study period ranged from 7.9-8.6% of cases.(®)
The only patient diagnosed during the pandemic
had severe immunosuppression, which may have
contributed to the unfavorable progression of the
disease. Supposedly, this severity is due to the
possible delay in seeking care and poor adherence,
with partial or complete interruption of HIV control
treatment, observed in the same period in the
country and around the world, as occurred with the

1(12%)
7 (88%)

PTB + EPTB (n

PTB + EPTB (n = 9)

2 (40%)
3 (60%)

PTB + EPTB (n
6 (86%)
1 (14%)

<0.8
<0.04
<0.03

o

=
©
T
o

0 (0%)
5 (100%)
1 (33%)
2 (67%)
0 (0%)
3 (100%)

= = < < R tuberculosis programs.®t
g8 g SEMIE & Pros
s = = = = It was not possible to identify the source of disease
- - in most cases in group A; however, when identified,
it was due to close contact with infected individuals.
o This finding may have been caused by the delayed
S 2 s diagnosis of active tuberculosis due to social isolation.
v ' ?

Even though this protective measure helped reduce the
spread of COVID-19, it has favored intra-household
exposure to tuberculosis. Prolonged contact at the
household level is one of the risk factors that increase
active tuberculosis transmission. (116

3 (43%)
4 (57%)
2 (33%)
4 (67%)
2 (40%)
3 (60%)

Our study showed a decrease in tuberculosis
diagnoses in the first four months after the beginning
of the pandemic, after the introduction of restrictive
measures and lockdown, with no tuberculosis cases
diagnosed in the two consecutive months. This may
be justified by the reduced accessibility of patients to
medical services due to interrupted or difficult access
to public transport or canceled follow-up visits.(”) As
a result of less restrictive measures, more than twice
as many cases were recovered over the following
months, peaking after the end of the lockdown period
with four times more cases than at the beginning of
the pandemic in the state of Rio de Janeiro.

2 (33%)
4 (67%)

1 (6%)
4 (94%)
4 (60%)
1 (20%)

<0.17
<0.01

p-value
<0.3

43)

31)
3 (30%)
7 (70%)
3 (30%)
7 (70%)

4 (28%)
10 (72%)

More deaths were observed in group A, possibly
as a result of restrictive measures and the increased
time for diagnosis during the COVID-19 pandemic.
In Rio de Janeiro, the mortality rate that had been
decreasing up to 2017 has risen progressively since
2019, with the highest rate of 4.81 per 100,000
inhabitants in 2021. Thus, an increase of up to 20%

®
™

Il
£
-
<
[
(©)
-

TOTAL (n

3 (9%)

23 (91%)
TOTAL (n

3 (15%)

18 (85%)

18 (77%)

6 (23%)

EPTB: extrapulmonary tuberculosis; PTB: pulmonary Tuberculosis; Group A (2020-2021); Group B (2019-2020). 2Values expressed as n (%). *Chi-square test. *In the Ultra test, the

category trace was included as detectable.

Table 2. Laboratory characteristics of children and adolescents with tuberculosis in groups A and B.?

¥ o in tuberculosis deaths can be expected in the next
() g (] 9 % -r% five years. (689
=z 5 =] kv o 4 )
+ © = © . . . . .
Z on G on L o8 This study had some limitations. The hospital
o 9 o 9 v O w
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where it was conducted is a reference center for
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Table 3. Types of active EPTB from 2019-2021.2
Extrapulmonary forms

TOTAL (n = 37)
Tuberculosis Group An=26) B(n=11)

Peripheral adenopathy 11 (42%) 5 (45%)
Pleural 5 (19%) 5 (45%)
Peritoneal 2 (7%) 1 (10%)
Meningitis 1 (4%) 0 (0%)
Bone 2 (8%) 0 (0%)
Cutaneous 1 (4%) 0 (0%)
Others * 4 (16%) 0 (0%)

EPTB (n = 24) PTB + EPTB (n = 13)
A (n = 16) B(n=8) A(n=10) B(n = 3)
8 (52%) 5 (62%) 3 (30%) 0 (0%)
1 (6%) 2 (25%) 4 (40%) 3 (100%)
2 (12%) 1 (13%) 0 (0%) 0 (0%)
1 (6%) 0 (0%) 0 (0%) 0 (0%)
1 (6%) 0 (0%) 1 (10%) 0 (0%)
1 (6%) 0 (0%) 0 (0%) 0 (0%)
2 (12%) 0 (0%) 2 (20%) 0 (0%)

CNS: central nervous system; EPTB: extrapulmonary tuberculosis; PTB: pulmonary tuberculosis; Group A (2020-
2021); Group B (2019-2020). 2Values expressed as n (%). *Total of four patients: one with meningitis + ophthalmic
tuberculosis; one with peritoneal + skin tuberculosis; one with pleural + ganglionic tuberculosis, and one with bone

+ pleural + pericardial tuberculosis.
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Figure 3. Box plot graph for the time variable for tuberculosis
diagnosis in the period from 2019-2021.

tuberculosis, not necessarily reflecting what takes
place in basic healthcare units, which are the centers
for COVID-19 cases that are more accessible to the
population.

The negative impact of the pandemic on tuberculosis
programs will still promote repercussions on society for
several years to come; therefore, there is an urgent
need to adopt actions to mitigate and reverse this
impact. The immediate priority is to restore access
to and the provision of essential tuberculosis services
without neglecting care for other diseases, including
COVID-19 and AIDS.
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Persistence of symptoms and return to work
after hospitalization for COVID-19

Helena Moraes Jardim de Azevedo"%®, Nataly Winni Fernandes dos Santos'?
Mariana Lima Lafeta*®, André Luis Pereira de Albuquerque*®,

Suzana Erico Tanni®®, Priscila Abreu Sperandio®®,

Eloara Vieira Machado Ferreira?

ABSTRACT

Many patients hospitalized with COVID-19 were unable to return to work or their
return was delayed due to their health condition. The aim of this observational study
was to evaluate the impact of moderate-to-severe and critical COVID-19 infection on
persistence of symptoms and return to work after hospital discharge. In this study,
two thirds of hospitalized patients with pulmonary involvement reported persistence of
symptoms six months after COVID-19 infection, such as memory loss (45.5%), myalgia
(43.9%), fatigue (39.4%), and dyspnea (25.8%), and 50% slowly returned to work, with
repercussions due to fatigue and/or loss of energy.

Keywords: COVID-19/complications; COVID-19/rehabilitation;
Hospitalization; Survivors.

Return to work;

The new coronavirus disease (COVID-19) was declared a pandemic by the WHO
in March of 2020. Since then, the disease has left millions of victims worldwide,
accounting for more than 500 million confirmed cases and a lethality rate around 2%
in the 2020-2021 period and 1.2% in 2022.™ There has been a significant reduction
in the number of severe cases and deaths after the start of vaccination; however,
COVID-19 survivors may have persistent symptoms related to cardiopulmonary,
neurological, and psychological sequelae, among others, for a long time.®® The
definition of this condition is still uncertain, but it has been acknowledged that
persistence of symptoms longer than 12 weeks after acute infection has been called
post-COVID syndrome (or long COVID) and has an important impact on quality
of life and health status,* which may negatively influence activities of daily
living and return to work, with consequences for these patients’ mental health.
Studies have shown that many patients were unable to fully or partially return
to work, or their return was delayed due to their health condition.“”) The aim of
this observational study was to evaluate the impact of moderate-to-severe and
critical COVID-19 infection, based on the WHO severity classification, on sequelae
symptoms and return to work after six months, as well as whether survivors
performed any physical activities after hospital discharge, between the first and
second waves of the pandemic in Brazil.

Ninety-six patients included in the FENIX study (ReBec no. RBR-8j9kqy) were
referred to the post-COVID outpatient clinic of the Respiratory Division of the
Universidade Federal de S&o Paulo/Escola Paulista de Medicina, located in the city
of Sdo Paulo, Brazil, after having been admitted to the Hospital Sdo Paulo (the
University hospital) with COVID-19 between May of 2020 and May of 2021, with
a positive RT-PCR, lung impairment confirmed on chest CT scans, and need for
oxygen supplementation, were invited to participate in the study. These patients
were periodically evaluated at the outpatient clinic, as follows: 15 days after
discharge and 3-6 months after the onset of COVID-19 symptoms. After this period,
the patients were contacted by telephone 6-9 months after hospitalization and
answered questions from a standardized questionnaire elaborated by the researchers
to assess persistence of symptoms, time to symptom resolution, return to work,
and presence of loss of energy or fatigue during work. The patients were also
asked whether they performed any physical activity after discharge (outpatient
rehabilitation, home rehabilitation, or independent physical activity). Data were
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collected between the months of October and November
of 2021. Of the 96 patients contacted by telephone,
71 completed the questionnaire.

In the sample of 71 patients, 62% were male, with
a mean age of 52 years. The patients presented with
two or more comorbidities and/or risk factors, mainly
systemic hypertension (52%), former smoking (34%),
obesity (27%), and diabetes mellitus (26%). More
than half of patients had been admitted to the ICU.
Prior to hospitalization, most of them had a job/
occupation (Table 1).

In the first outpatient visit after hospital discharge,
70% of patients reported symptoms, mainly dyspnea,
myalgia, and cough (Table 1). In the assessment carried
out by questionnaire, most of the patients still had
symptoms, notably memory loss, myalgia, fatigue,
and dyspnea. Among the asymptomatic patients,
35% recovered within three months. Regarding work,
96.3% of patients reported that they had returned to
work when they were interviewed, half of them had
returned to work within the first 30 days. Among these
patients, the majority reported feeling “less energy”
or fatigue during the workday (Table 2).

During the first visit, patients who reported not to
perform rehabilitation were referred to a rehabilitation
center or were instructed to perform physical activity.

Most patients (54/71) performed some type of physical
activity after discharge and continued to do so (on
average, 2-3 times a week) even by the time when
they were interviewed (Table 2). Among asymptomatic
patients, 90% had performed some type of physical
activity in comparison with 45% of the patients that
had persistent symptoms.

In our study, two thirds of the hospitalized patients
with pulmonary involvement reported persistence
of symptoms in the telephone interview, and return
to work was slow in 50% of patients (more than 30
days after discharge) with symptoms such as feeling
“loss of energy” and/or fatigue, or other complaints
throughout the workday. The main symptoms reported
by our patients were similar to those described in the
literature.®” Although the post-COVID syndrome has
not fully been understood, the development of long
COVID does not have a linear relationship with the
severity of the disease during hospitalization or with
being part of the elderly population; it may affect
different age groups and even people who have had
mild COVID-19 and may continue from weeks to
years.(*®89 Regarding the proportion of survivors
after hospitalization with at least one symptom after
COVID-19, there was a significant reduction over
time: 68% in 6 months and 49% in 12 months (p <

Table 1. Demographics and baseline characteristics of patients during hospitalization for COVID-19.2

Characteristic
Demographic/anthropometric
Age, years
Male gender
BMI, kg/m?
Comorbidities/risk factors
>2
Length of stay, days
Hospital
ICU
Oxygen supplementation
Ward (via nasal cannula or mask)
ICU (HFNC, NIV, or MV)
MV
Work status before COVID-19
Have a job/occupation
Homemaker
Retired
Unemployed

Symptoms related after discharge (1st medical appointment)

Dyspnea
Myalgia
Cough
Fatigue
Chest pain
Dysgeusia

(n = 71/96)°

52 £13
44 (62)
30.0 + 4.5

46 (64.8)

12 [7-18]
10 [5-15]

30 (42.3)
41 (57.7)
18 (43.9)

HFNC: high-flow nasal cannula; NIV: noninvasive ventilation; and MV: mechanical ventilation. 2Values expressed
as n (%), mean = SD, or median [IQR]. °No significant differences were found between the sample of patients who
completed the survey questionnaire or not (n = 71 vs. n = 25; data not shown). <Systemic hypertension, former
smoking, obesity, diabetes, hyperlipidemia, asthma, chronic kidney disease, psychiatric disease, kidney transplant.
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Table 2. Results from the research survey questionnaire applied between six and nine months after hospital discharge.?

Survey Questionnaire (n = 71)
Part I: Persistence of symptoms
1. Do you still have symptoms? (YES) 51 (71.8)
2. What symptoms have persisted?
Memory loss 30 (58.8)
Myalgia/Arthralgia 29 (56.8)
Fatigue 26 (50.9)
Dyspnea 17 (33.3)
Insomnia 14 (27.4)
Depressed mood 12 (23.5)
Headache 12 (23.5)
Sensory deficit 11 (21.5)
Chest pain 10 (19.6)
Cough 8 (15.6)
Other® <5
3. How long did you become asymptomatic after hospital discharge?
Up to 3 months 7 (35)
3 to 6 months 5 (25)
More than 6 months 5 (25)
| do not remember 3 (15)
Part Il: Return to work?
1. Did you return to work after COVID-19? (YES) 52 (96.3)
2. How long after discharge were you able to return to your job?
Up to 1 month 28 (53.8)
1 to 3 months 12 (23.1)
3 to 6 months 7 (13.5)
More than 6 months 5(9.6)
3. After returning to work, did you feel less energy or fatigue throughout the day? (YES) 38 (73.0)
Part Ill: Physical activity after COVID-19
1. Have you performed any physical activities after discharge? (YES) 43 (60.6)
2. What kind of activities have you performed in post-COVID?
Outpatient rehabilitation 18 (41.9)
Home rehabilitation 15 (34.9)
Independent physical activity 10 (23.3)
2. How often have you performed the activities?
Once a week 10 (23.2)
Twice a week 11 (25.5)
Three or more times a week 22 (51.1)
3. Do you still practice any physical activity? (YES) 33 (76.7)

3Values expressed as n (%). PHair/nail loss, sexual dysfunction, dizziness/malaise, dysgeusia, or inappetence. °n = 20.

9n =54,

0.0001).%9 However, despite the improvement, there
is still a high rate of persistence of symptoms in the
long term, fatigue and muscle weakness being the
most frequent ones. It is worth noting in our study
that dyspnea was the most prevalent symptom
(53.5%) after discharge, and few patients reported
the presence of fatigue (5.6%). In the telephone
interview, 50.9% of patients reported fatigue, but
dyspnea complaints decreased to 33.3%. This may
be due to the improvement of pulmonary sequelae,
with recovery of lung function (improved dyspnea);
however, a progressive increase in performing activities
of daily living might have led to a greater perception
of fatigue when compared with the period immediately
after discharge.

Regarding the patients with a job/occupation, 96.3%
reported having returned to work in the telephone
interview, and 53.8% did it within 30 days. However,
despite their return to work, most patients reported
loss of energy and/or fatigue during the workday.
In a study evaluating COVID-19 survivors at three
months after hospital discharge, only 1 in 3 patients
had returned to unrestricted work duty, more than
one third of patients (34%) reported difficulty in
performing basic activities of daily living, and most
required physical therapy, occupational therapy, or
brain rehabilitation.” This difference in the proportion
of people who returned to work within the first 30 days
may be due to the profile of the population included
in that study.” It is important to consider that the
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patients in our study came from the public health
care system, who, in general, has a lower monthly
income when compared with those who have access
to the private health care system. This fact could have
influenced the time to return to work even with the
persistence of symptoms. In a study involving a cohort
of COVID-19 survivors in China, 88% had returned to
work at the 12-month follow-up visit; however, 24%
were unable to return to the pre-COVID-19 level of
work.(1? Persistent symptoms after returning to work
may result in reduced overall well-being, difficulty in
performing tasks that were previously performed, loss
of concentration, and loss of work performance, in
addition to economic and social impacts, which has
been the subject of ongoing observational studies.**)
Evaluating the global impact of COVID-19 on life
expectancy, as measured in disability-adjusted life-
years, in which years of life lost and years of life lost
to disability are assessed, economic losses per year
of life were shown to be greater in South America
than in North America.®?

It has already been well established that rehabilitation
accelerates the recovery of hospitalized patients after
COVID-19. Seventy-seven percent of the included
patients performed some type of physical activity
and maintained training for an average of at least
three months after discharge, and most performed
exercises outside a rehabilitation center. Among the
patients who remained asymptomatic, most performed
some physical activity after discharge in comparison
with the symptomatic group. A follow-up study of
299 patients hospitalized between March and May
of 2020 showed that only 31% were referred for
rehabilitation.(**) This may have been due to the limited
availability of rehabilitation centers during the first
wave and the lack of implementation, at that time, of
home rehabilitation care and/or telerehabilitation by
recruitment of health care providers to inpatient care.
Among patients who were referred for rehabilitation,
there was improvement in quality of life, as assessed
with the Medical Outcomes Study 36-item Short-Form
Health Survey, when compared with patients who did

not undergo rehabilitation.** The goal of post-COVID
rehabilitation is to improve prolonged symptoms
and regain functionality, avoiding the complications
associated with the disease by prescribing individualized
physical training. Early interventions have been related
to better disease recovery and quality of life.®** Home
rehabilitation expands the number of patients that can
be treated after hospital discharge and, according to
the evidence found so far, improvement of persistent
symptoms such as fatigue and dyspnea can directly
influence the return to activities.*>

As limitations of the study, we can cite the small
sample size and the observational follow-up design.
Indication of rehabilitation was at the discretion of
the patient’s health care team. Moreover, no details
were collected regarding the patients’ job/occupation
or their socioeconomic level to assess the impact of
restrictions after the return to work and/or absenteeism
related to the presence of persistent symptoms.

In summary, after hospital discharge of moderate-
to-severe or critical COVID-19 patients, although
most patients returned to work, approximately 70%
still had symptoms related to long COVID between
six and nine months after the infection, which could
impact on their daily work performance. More than
half of the patients performed some type of physical
activity. Future studies are needed to assess the real
impact of persistence of symptoms, rehabilitation,
and unrestricted return to work.
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Environmental impact of inhaler devices on
respiratory care: a narrative review

Marilyn Urrutia-Pereira'®, Herberto José Chong-Neto*®,
Tonya A Winders*®, Dirceu Solé*

ABSTRACT

Climate change is a huge and present threat to human health. This article aims to deepen
the knowledge about the environmental impact of inhaler devices on their carbon
footprint for patients and health professionals, providing information that allows a better
choice of the type of device to be prescribed for the treatment of asthma and COPD. This
narrative and nonsystematic review was carried out by searching databases (PubMed,
Google Scholar, SciELO, and EMBASE) for articles published between 2017 and 2022,
written in Portuguese or in English, using the search words “inhalation device” OR
“environmental.” The review showed that global warming cannot be addressed by
focusing only on inhaler devices. However, the devices that we use to treat respiratory
diseases such as asthma and COPD, which are diseases that are aggravated by
climate change, are also causing that change. Therefore, health professionals, patient
organizations, and industries should take a lead in health policies to offer affordable
alternatives to inhalers containing hydrofluoroalkane.

Keywords: Asthma; Pulmonary disease, chronic obstructive; Environmental health;

Nebulizers and vaporizers.

INTRODUCTION

Climate change is a huge and present threat to human
health. It disproportionately affects the poorest and most
vulnerable individuals, including those with pre-existing
lung diseases. The emission of greenhouse gases (GHG)
plays a significant role in the genesis of climate change.
Actions to minimize it must be carried out to protect
current and future generations from its worst effects.(®

As a result of these actions, governments worldwide
have committed to legislative changes to reduce
GHG emissions.® Although the efficacy and safety of
medical treatments are always a priority, the health
sector has significantly contributed to the increase in
GHG emissions. In recent years, the environmental
impacts arising from all aspects of life have become
an increasingly unavoidable condition, and inhalation
therapies are no exception.®®

Asthma and COPD are the most common chronic
respiratory diseases and are among the leading causes
of morbidity and mortality worldwide.® It is estimated
that there are at least 300 million patients with asthma
and 328 million patients with COPD.®

Inhalation is the preferred route for the treatment of
asthma and COPD. For that, inhalers are used, which
are devices that reduce the morbidity and mortality
associated with both diseases and significantly improve
the quality of life of patients.(®” Global initiatives
advocate the gradual reduction of inhaler devices
that use fluorinated gas as a propellant—pressurized

metered-dose inhalers (pMDI)—since such devices are
associated with significant environmental impacts.®

Three main classes of inhalation therapy devices are
available for patients with asthma and COPD: pMDIs, dry
powder inhalers (DPIs), and soft mist inhalers (SMIs).(®
The carbon footprint of these inhaler devices is distinct,
being more intense with pMDIs in comparison with DPIs
and SMIs. That means that new approaches must be
considered to balance environmental goals with patient
health and well-being, maintaining a diverse range of
therapeutic options for patients and physicians.®®

This article aims to deepen the knowledge about the
environmental impact of inhaler devices on their carbon
footprint for patients and health professionals, providing
information that allows a better choice of the type of
device to be prescribed in the treatment of asthma and
COPD patients, aiming to reduce their environmental
impact. It also aims to inform policymakers who wish
to reduce the carbon footprint in health systems.

INHALER DEVICES

pMDlIs

Until the early 1990s, pMDIs that contained
chlorofluorocarbon (CFC) as propellants were the
most common way to administer inhalation therapy
to patients with asthma and/or COPD. In 1987, the
Montreal Protocol,*Y) which focused on substances
capable of destroying the ozone layer, recommended
the progressive elimination of CFCs because it not only
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destroys the ozone layer but also has the potential
to contribute to the already extremely high global
warming.? Since then, new forms of inhalation
therapy have been developed for patients with asthma
and/or COPD.®31% In Brazil, such as in all countries
that complied with the Montreal Protocol, we only use
hydrofluoroalkane (HFA) as a propeller for pMDIs.

The global warming potential (GWP) of gases
indicates how much warming a gas causes over a
given period (typically 100 years) in comparison with
CO,, which was defined as GWP = 1; therefore, all
other gases have higher values.*>1®

CFC used to be the propellant for pMDIs, and,
more recently, HFA has been introduced. The GWP
of HFA is significantly higher due to its composition:
HFC-134a and HFC-227ea, whose GWP are 1,300
and 3,350, respectively.(®

MDIs commonly prescribed for chronic respiratory
diseases contain hydrofluorocarbons (HFCs), which are
powerful greenhouse gases and a significant cause of
climate change. HFCs in MDIs (HFC-134a and HFC-
227ea) are 1,000-3,000 times more potent than CO,
and persist in the atmosphere for 14 years, causing
climatic feedbacks. Currently, HFC-152a is a developing
propellant that has a lower GWP when compared with
the existing ones. Its launch is scheduled for 2025.
However, according to the Kigali Amendment to the
Montreal Protocol,(*V) HFC-134a, HFC-227ea, and HFC-
152a are expected to be phased out between 2020
and 2050. However, countries are free to choose how
to phase out these HFCs during that period.

It is assumed that resulting from the high GWP
values of HFC-134a and HFC-227ea, the use of
HFCs in pMDIs accounted for direct emissions of
approximately 18,000 ktCO,eq in 2018, representing
approximately 0.03% of total global GHG emissions
in that year."”) In terms of CO,eq emissions, a single
dose of two jets of an HFC-134a pMDI is comparable
to day-to-day activities emissions, such as traveling
two kilometers on a Seat Ibiza Ecomotive car.(:8:1%)

DPIs

DPIs are devices that provide powdered medication
(active ingredient mixed with excipients) without
the need for a propellant gas. They are safe and
effective for most patients, do not contain GHG, and
are activated by forced patient inspiration. Thus, their
life cycle assessments are substantially lower than
those for pMDIs.(16:29)

Real-world evidence shows that the combined
administration of inhaled corticosteroids and long-acting
B, agonists in a single daily dose using a DPI can
improve asthma control and adherence to treatment
and can reduce the carbon footprint resulting from
medical care. In addition to simplifying therapy, it
improves asthma control and reduces GHG emissions.
If we focus on patients with partially controlled or
uncontrolled asthma, who might use large amounts of
short-acting B, agonists (SABA) via a pMDI, instead of
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prioritizing inhaled corticosteroids via DPIs, there will
be golden opportunities to make asthma treatment
more effective, safe, and environmentally friendly.

Patients who switched from pMDI-based maintenance
therapy to DPI-based maintenance therapy more
than halved their inhaler carbon footprint with no loss
of asthma control. The inhaler’s remaining carbon
footprint can be reduced by switching from pMDI to
DPI rescue medications or alternative lower carbon
footprint rescue inhalers, if available.??

GHG emissions from asthma exacerbation
management were highest for severe/life-threatening
events, followed by moderate exacerbations. Treatment
to reduce the severity and occurrence of exacerbations,
such as effective, long-term control therapy using
low emitting DPIs can help mitigate asthma care
emissions. For mild exacerbations, the use of DPIs
can eliminate associated emissions. (%

In addition to a lower global warming potential, DPIs
have additional benefits over pMDIs in other domains
and should be considered as first-line therapy when
clinically appropriate.®®

SMIs

SMIs are small portable devices that produce aerosols
of breathable diameter from aqueous formulations.
These new-generation devices produce an aerosol by
mechanisms other than those described for nebulizers.
They consist of the collision of two jets of liquid to
produce an aerosol, force the liquid through tiny holes
with micron diameters, or use a mesh/vibrating plate
or other new mechanisms (e.g., electrohydrodynamic
effects). The improved efficiency and smaller aerosol
particle size provided by these devices ensure that the
aerosol generated is deposited deep into the lungs.
SMIs are currently more expensive than standard
pMDIs and DPIs.®

Nebulizers can also be used—although this typically
occurs in an emergency setting or in cases when
patients cannot use pMDIs or DPIs because they have
physical or cognitive impairments or in patients who
are at risk of having severe symptoms/exacerbations.(®

It is difficult to make accurate comparisons among
studies on the relative carbon footprint of inhalers due
to the different methodologies employed. However, in
general, all DPIs and SMIs have a substantially smaller
carbon footprint than do pMDIs. Other environmental
benefits may come from reusable inhalers and longer
treatment packages (e.g., 90-day options instead of
30-day inhalers).

RECYCLING

Currently, less than 1% of inhaler devices are
recycled every year. Their recycling has the potential to
eliminate all emissions associated with their disposal;
however, it is mandatory to recycle between 81%
and 87% of the inhaler devices currently in use.(®
In clinical practice, such end-of-life recycling rates

J Bras Pneumol. 2022;48(6):e20220270

2/6



%P Environmental impact of inhaler devices on respiratory care: a narrative review

3/6

can be very difficult to achieve and require significant
investment and behavioral changes; nevertheless, if
recycling schemes were launched now, they would
achieve reductions in the short term.®

Recycling inhalers at specific locations such as
pharmacies, as opposed to landfill disposal, should
enable the reuse of plastic or aluminum components
and reduce CO, emission.?"

Improper disposal of pMDI devices with unused doses
is especially worrying, because it not only increases
the prescription load, but disused devices continue
to release GHG, which persist in the atmosphere for
up to 50 years.©1”)

In a position statement on environment and lung
health,Y the British Thoracic Society has highlighted
the importance of informing patients about how to
avoid disposing of inhalers in landfills with the following
recommendations:

e Expansion of recycling and disposal schemes to
prevent remaining propellant gases from being
released into the atmosphere and avoid waste
of plastic packaging, and

e Information on where recycling and disposal
schemes are available, including which major
local pharmacy chains would offer the service.

MEDICAL CARE

The health sector needs to reduce GHG emissions to
help mitigate climate change.® For that, proven and
medically safe ecological alternatives are needed.®
Indeed, the medication chosen must be appropriate
for each patient. The final choice of the inhaler device
must comply with different factors, such as the real
efficacy of the molecules, factors related to patient
use, cost, patient preference, “custom and practice”
of the physician, clinical evaluation, appropriate
education, and evaluation programs to ensure the
correct technique for inhaler use.?" Patient choice can
also be improved by increasing the diffusion of publicly
available information on the environmental impact of
different inhalation products.(%14:27.28)

Pepper et al.*® warned that there is evidence that the
short-term exposure to ozone may cause morbidity in
individuals with asthma and suggested that exposures
to levels below the currently allowed standard® may
be associated with an increased use of SABA.

In an interview with inhaler prescribers, Walpole et
al.G" reported that only 9% discuss the environmental
impact of inhalers with patients, and only 13%
discuss the disposal of inhalers. However, 46% of the
respondents said they would educate patients about
the environmental impacts of inhalers.

Although some practical (dis)advantages of pMDIs
and DPIs are known, it should be noted that®®:

e The global warming effect of pMDIs is mainly
caused by their use (95-98%), not by the
manufacture of this class of inhaler devices.

¢ Unknown amounts of propellant gases may remain
in the canister after use and, in variable time,
will be released into the atmosphere.

e Most pMDIs do not have dose counters.

e Without a dose counter, it can be difficult to know
how many doses are left in the device.

¢ Inadvertent use of empty pMDIs can lead to
preventable exacerbations or even avoidable
hospital admissions.

¢ Inadvertent replacement of a pMDI that still con-
tains medications would incur unnecessary costs.

e Adherence to inhalation instructions can be
problematic when changing devices, because not
every patient uses a pMDI with the recommended
spacer.

e Switching to a DPI can improve adherence to
guidelines because spacer use is not required.

¢ Changes without sufficient education can result
in lack of control of the disease, exacerbations,
and increased use of health services.

CURRENT SITUATION

SABA via pMDIs accounts for a considerable share
of the total inhaler market. They are cheaper than
DPIs, and their overuse is common in many countries.
Recent studies have shown that most of all SABA
inhalers for asthma were prescribed to patients who
were likely to use them excessively (= 3 inhalers
prescribed per year).(32:33

In Brazil, the real situation regarding the use of
inhaler devices is not completely known. Table 1 shows
the numbers of devices marketed from 2017 to 2021
according to therapeutic agents and devices. As we
can see, there was an increase in sales during the
period. It is worth highlighting the decrease in SABA
sales during 2021,3% a year that coincided with the

Table 1. Medications and inhaler devices (in units) used in the treatment of asthma and marketed in Brazil.

Medication/ID Year®
2017 2018 2019 2020 2021
SABA/pMDI 6,659,604 8,734,188 8,913,888 9,071,179 7,767,193
LAMA/SMI 956,267 1,078,453 1,252,303 1,507,886 1,539,340
IC+LABA/pMDI (HFA propellant) 995,709 1,086,145 1,164,031 1,337,000 1,564,198
IC+LABA/DPI 7,765,098 7,764,689 8,627,569 9,561,575 10,004,885

Based on Walpole et al.*» ID: inhaler device; SABA: short-acting B, agonists; pMDI: pressurized metered-dose
inhaler; LAMA: long-acting muscarinic antagonists; SMI: soft mist inhaler; IC: inhaled corticosteroids; LABA: long-
acting B, agonists; HFA: hydrofluoroalkane; and DPI: dry powder inhaler. “The period between July 1 and June 30

of the following year.
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peak of the COVID-19 pandemic, when social isolation
was more effective.(>

A recently published alert has indicated how
much CO, equivalent is released (carbon footprint)
by activating inhaler devices per pharmacological
agentt® (Table 2).

COMPARISON TABLES OF CARBON
FOOTPRINT

Data on the actual carbon footprint of individual
inhalers are very limited; therefore, the following
tables provide indicative rather than actual values.
The carbon footprint for comparisons estimated
that a typical car’'s average trip (9 land miles)
produces 2,610 gCO,eq (or 290 gCO,eq per mile).
The numbers are based on the mean CO,eq values
per inhaler as estimated by PrescQIPP.G”) The U.S.
Environmental Protection Agency estimated that, in
2020, the discharge and leakage of HFA-containing
pMDIs were responsible for generating 2.5 million
metric tons of CO,eq, the approximate equivalent
to the emissions of 550,000 passenger vehicles
driven for a year.*® More objectively, the city of
Uruguaiana, at the border between Brazil and Uruguay
in the southern region of the country, has a public
health care program for patients with asthma that
quantitatively calculated the dispensation of SABA
via pMDIs in one year (Table 3); therefore, we can
have a picture of such a reality.

FINAL CONSIDERATIONS

The latest International Panel on Climate Change
report®® called for “urgent action to keep the global
average temperature rise below 1.5°C,” halting the
destruction of nature. However, there remains an

Table 2. Amount of CO, equivalent released per puff
[CO,eq/puff (g)] according to the pharmacological agent
and device.

Product CO _eq/puff (g)

SABA (albuterol)? 60.4
LAMA DPI 18.75
LAMA SMI 13.0
IC+LABA DPI 18.75
IC+LABA pMDI 163.5

Based on Cabrera et al.G* and IQVIA Brasil.* SABA:
short-acting B, agonists; LAMA: long-acting muscarinic
antagonists; DPI: dry powder inhaler; SMI: soft
mist inhaler; IC: inhaled corticosteroids; and pMDI:
pressurized metered-dose inhaler. 2Hydrofluoroalkane
propellant.
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uncomfortable recognition that the provision of health
services has contributed to global warming.©*

Global warming cannot be addressed by focusing
only on inhaler devices. However, the drugs that we
use to treat respiratory diseases such as asthma and
COPD, which are diseases that are aggravated by
climate change, are also causing climate change.?”

From the point of view of the industry and
government, several pharmaceutical companies and
national health organizations have developed ‘Net Zero’
commitments to achieving zero carbon emissions in
their operations.*” For companies that manufacture
current HFC-containing pMDIs, they may represent a
substantial proportion of the entire carbon footprint of
the company. 4049 More recently, published figures
indicate that the use of pMDIs accounts for 13% and
36%, respectively, of AstraZeneca’s and GSK'’s total
carbon emissions.“>4® Pharmaceutical companies
should consider these issues in their strategic planning
for new developments in inhalation therapy, such as
reusable inhalers or longer treatment packages (e.g.,
90-day rather than 30-day options),“”) so that they
could reduce their carbon footprint.®®

In conclusion, as long as we can offer safe and
effective treatment to our patients, we cannot
simply ignore the environmental aggression that
other treatments can cause. Professional and patient
organizations should take the lead in health policies
to offer affordable alternatives to inhalers containing
HFA. Following efficacy and safety considerations,
comprehensive data on the carbon footprint of
inhalation therapies will enable patients and their
caregivers to make informed decisions about inhalation
treatment. Pharmaceutical companies should consider
these issues in their strategic planning for new
developments in inhalation therapy. Hospital and health
plan forms should also consider the environmental
risks of inhaler propellants and prioritize options not
containing HFA.

Responding to the threat of climate change will
require innovation, leadership, and a broad perspective,
but action is crucial if we are to protect the health
of our patients.
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Table 3. Dispensation of short-acting B, agonists via pressurized metered-dose inhaler in the city of Uruguaiana, Brazil.

Year® Assisted patients pMDI, n Puffs, n CO._eq (kg)
2018 848 1,446 289,200 1,746.8
2019 1,313 2,459 491,800 2,970.5
2020 933 2,231 446,200 2,695.0
2021 1,276 2,761 552,200 3,335.3

aFrom January 1 to December 31.
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Ventilation

TO THE EDITOR,

A recent Brazilian survey has shown that, within a year,
approximately 300,000 patients undergo home care
treatment, and 6% of these patients require ventilatory
support (bi-level or life-support ventilators). Importantly,
home care treatment has increased by 15-20% on a
yearly basis.(*?)

Despite the increasing demand for home mechanical
ventilation (HMV), there are still several barriers to
discharging these patients, including operational logistics,
keeping the patient safe and clinically stable in a home
environment, staff work overload, clinical knowledge
for optimizing the ventilation pattern according to the
patient’s needs, etc.® All these factors, in addition to
the lack of an evidence-based standard of care, make
treating patients on HMV a challenging task.®

Telemonitoring patients on HMV may reduce emergency
room visits and inpatient admissions and is associated
with improved patient management and outcomes, as well
as cost savings. The additional possibility of predicting
respiratory exacerbation makes telemonitoring a potential
tool to revolutionize home-assisted ventilation care.®

Home Doctor is one of the largest home care companies
in Brazil and provides health care for more than 5,500
patients per year, 10% of whom require ventilatory
support. In 2021, the company started an HMV patient-
telemonitoring program and, considering the paucity of
Brazilian data regarding this topic, we aimed to report the
preliminary outcomes of our first 34 patients. From April
2021 to March 2022, we conveniently selected 34 patients
on HMV to be enrolled in our telemonitoring program.
All patients provided written consent upon enroliment.
Physiotherapy management was administered according
to current home care protocols and consisted of 40-45
min sessions. Patients received physiotherapy sessions
according to their clinical condition, and extra daily visits
were provided if clinical worsening was detected. The
mean age of the patients was 33.4 years (0-91 years),
the predominant sex was female (62%), and the most
prevalent diagnosis was neurological/neuromuscular
disease (59%). Of all patients, 82% received invasive
mechanical ventilation. Nocturnal ventilation was used
in 41% of the patients, and continuous ventilation (24
h/day) in 59% (Table 1).

All ventilators (Stellar® and Astral®, ResMed, Sydney,
Australia) were coupled to a modem to transmit ventilatory
data to the cloud (Airview®) on a daily or on-demand
basis. The ventilator parameters and settings (median and
interquartile range values per day or minute-by-minute
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values) could be assessed on a detailed sheet. All alarm
activations could also be monitored. Briefly, a clinical
physical therapist analyzed the data for each patient
3 times per week and provided the clinical staff with
insights during a routine weekly meeting. Any action
to be taken was addressed to the attending physical
therapist responsible for the patient. Resolution (or not)
of the action was discussed in the following meeting.
Basically, the topics evaluated in each patient were: HMV
settings, compliance (daily hours of use), leakage, tidal
volume, respiratory rate, and percentage of spontaneous
triggering. The most frequently activated ventilator alarms
for each patient were also assessed.

The interventions resulting from monitoring were
categorized into: 1) adjustments related to ventilatory
support when problems with cuff insufflation, mask
fixation, aspiration frequency, or inhalation support were
identified; 2) optimization of ventilation parameters, such
as inspiratory or expiratory pressure, respiratory frequency,
triggering, and tidal volume; 3) alarm adjustments; 4)
identification of early clinical deterioration; 5) equipment
adjustments (upgrade or downgrade); 6) visualization
of equipment manipulation by family members without
authorization, and 7) oxygen therapy adjustments
(Table 1).

Additionally, a 3-month pre- and post-telemonitoring
(pre-TM vs. post-TM) evaluation period of the same 34
patients revealed reductions in extra clinical visits for
managing mechanical ventilation (pre-TM = 5; post-TM =
2) and in device problems or malfunctions that required
equipment change (pre-TM = 3; post-TM = 2). Although
these results are encouraging, one should note that even
before telemonitoring, events were rare. Moreover, the
descriptive nature of the present study and the absence
of a pre/post statistical analysis must be considered.

The efficacy of HMV is dependent on optimal ventilatory
support (suitable settings and leak management) to
minimize side effects. Thus, ventilator data download
functions can be used to assist in clinicians’ decision-making
to enable the optimal delivery of HMV.® Qur preliminary
results are in line with that. In fact, almost 50% of the
analyzed patients were provided optimizations of the HMV
settings, be they optimizations of ventilator parameters,
leak control, tidal volume, trigger adjustment, or alarm
settings. More importantly, we found that caregivers/
family members were changing the ventilation parameters
without clinician consent in two cases, a fact that could
have risked the patients’ lives. In another case, an
important leak due to cuff inflation system damage was
identified, which led to tracheostomy tube replacement.

1. Home Doctor, Brasil.
2. ResMed, Sao Paulo (SP), Brasil.
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Table 1. Diagnosis, MV profile, and outcomes of telemonitoring.

Diagnosis
Neurological Disease
Hypoxic-ischemic encephalopathy
Amyotrophic Lateral Sclerosis
Stroke
Spinal Muscular Atrophy type 1
Muscular Dystrophy
Brown-Vialetto-Van Laere Syndrome
Lennox-Gastaut Syndrome
Mitochondrial encephalomyopathy
Guillain-Barre Syndrome
Genetic Disease
Arnold-Chiari Syndrome
Genetic Disorder (under investigation)
Down Syndrome
Edwards Syndrome
Patau Syndrome
Krabbe Syndrome
Williams Syndrome
Osteomuscular disorders
Achondroplasia
Respiratory disease
COPD
Bronchopulmonary dysplasia
Heart disease
Congenital heart disease

Total patients (%) IMV (%) NIV (%)
21 (62) 18 (86) 3 (14)
5 (24) 4 (80) 1 (20)
5 (24) 4 (80) 1 (20)
4(19) 4 (100) 0
2 (9.5) 2(100) 0
1(4.7) 1(100) 0
1(4.7) 1(100) 0
1(4.7) 1(100) 0
1(4.7) 1(100) 0
1(4.7) 0 1(100)
8 (23) 5 (62.5) 3(37.5)
2 (25) 0 2 (100)
1(12.5) 1 (100) 0
1(12.5) 1 (100) 0
1(12.5) 1(100) 0
1(12.5) 1(100) 0
1(12.5) 1(100) 0
1(12.5) 0 1 (100)

2 (6) 2 (100) 0
2 2 (100) 0
2 (6) 1 (50) 1 (50)
1 (50) 0 1 (100)
1 (50) 1 (100) 0
1(3) 1(100) 0
1 (100) 1 (100) 0

MV Profile & Outcomes

HMV duration
Years (mean + SD)
Ventilatory Support
Daily hours of use (mean + SD)
Adjustments related to ventilatory support
Daily hours of use
Headgear
Inhalation therapy
Cuff
Clearance of secretions
Ventilation optimization
Mode
Parameters
Alarm adjustments
Identification of early clinical deterioration
Equipment adjustments
Upgrade
Downgrade
Equipment manipulation by family members
Oxygen therapy adjustments

5.6 +5.3 5.7+ 5.7 5.4+ 3.6
19+7 21+6 10+ 6
19 (56) 12 (63) 7 (37)
6 (32) 4 (67) 2 (33)
5 (26) 0 5 (100)
4(21) 4 (100) 0
2 (10.5) 2 (100) 0
2 (10.5) 2 (100) 0
16 (47) 11 (69) 5 (31)

1(6) 1 (100) 0
15 (94) 10 (67) 5 (33)
7 (21) 5(71) 2 (29)
5 (15) 4 (80) 1 (20)
4 (12) 3 (75) 1(25)
2 (50) 1 (50) 1 (50)
2 (50) 2 (100) 0
2 (6) 1 (50) 1(50)

1(3) 1(100) 0

COPD: Chronic Obstructive Pulmonary Disease; IMV: Invasive Mechanical Ventilation; NIV: Non-invasive Ventilation.

Remote ventilator data analysis also improved
operational logistics. Some clinical visits were unnecessary
or were more assertive because of the knowledge and data
obtained from telemonitoring. Usually, extra visits were
related to alarm fatigue in the absence of an attending
clinician. In one patient on noninvasive ventilation, alarm

excess due to an important leak was observed during
nighttime periods but not reported during the clinician’s
regular daytime visits and was responsible for affecting
the sleep quality of the patient and his family. This leak
was also responsible for a worsening of the ventilation
pattern. The problem was solved after changing the
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patient’s headgear, which led to an improvement in
patient and family sleep quality. Additionally, after the
leak was resolved and ventilatory support was adjusted,
oxygen support could be suspended. Telemonitoring
promoted a feeling of enhanced well-being and safety.

In conclusion, our l-year preliminary analysis
showed that the telemonitoring of patients on HMV
was associated with earlier ventilation optimization

and improved clinical management, as well as more
assertive operational and logistical management.
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LETTER TO THE EDITOR

TO THE EDITOR:

Malignant pleural effusion (MPE) is a common condition,
defined as the accumulation of exudate in pleural space
in the presence of cytological or histological evidence of
tumor cells, representing an advanced stage. The incidence
of MPE is rising, alongside the increase of global cancer
incidence and the improvement in overall survival.*?

Infectious pleural effusion (IPE) is also a common clinical
problem, as up to 57% of patients with pneumonia develop
pleural effusion (PE). It represents a progressive process
translating from simple parapneumonic pleural effusion
(PPE) into fibrinopurulent collection (complicated PPE),
culminating in purulent PE (empyema).®® The incidence
of tuberculosis in Portugal remains high, as tuberculous
pleural effusion (TBPE) and lymphadenitis are the most
common extrapulmonary manifestations, leading to
exudative PE.*>

In the presence of new PE, diagnostic thoracentesis
should be performed initially. Currently, available bedside
tests using a blood gas analyzer include pH, glucose, and
hematocrit. Lactate level is also automatically obtained
through this method in most settings. Lactate is a product
from the metabolic pathway of anaerobic glycolysis, via
lactate dehydrogenase.(® Bacterial metabolism enhances
in IPE, leading to elevation of pleural lactate. In MPE cases,
we typically observe chronic progression, potentiating
lower levels of lactate.® Due to these differences in PE
lactate, we hypothesized that MPE lactate would be lower
than that in IPE cases, the two most common etiologies
observed in our setting.

We aimed to (1) describe the levels of lactate in different
etiologies of PE, (2) compare the levels of lactate in IPE
and MPE, and (3) determine a cut-off level of lactate in
PE to distinguish IPE from MPE.

This study prospectively included all of the patients who
underwent diagnostic thoracentesis in our Pulmonology
Department in a hospital centre in the city of Viseu,
Portugal, between November of 2019 and November of
2020. Patients with PE of known etiology, already under
treatment or undergoing evacuating thoracentesis were
excluded. Our standard routine protocol for PE analysis
includes assessment of glucose, pH, lactate dehydrogenase,
protein, cytology and microbiology cultures. Glucose,
pH, and hematocrit were measured using a blood gas
analyzer (GEM Premier 3500; Werfen, Bedford, MA, USA),
which also automatically provides lactate levels (range,
0-15 mmol/L). The study protocol was approved by the
research ethics committee of our institution (Protocol
no. 03/21/10/2019).

Pleural fluid lactate: a diagnostic tool in
pleural effusion management?

Sonia Silva Guerra'®, Rita Ferro'®, Tito Abrantes'®, Carla Antonio’

The Light criteria were used to differentiate between
transudative and exudative PE.(”) IPE includes all cases of
PPE, empyema and TBPE. Patients with PE and pneumonia
were classified as having PPE (including complicated
PPE), or as having empyema (when purulent pleural fluid
or positive cultures were present). TBPE was defined
as a positive culture for Mycobacterium tuberculosis or
positive M. tuberculosis DNA (GeneXpert) in PE and pleural
biopsy with caseous granuloma, or confirmed pulmonary
tuberculosis, with no other alternative cause. MPE was
defined as a positive cytological or histological result for
malignant cells in PE or an exudative PE in a patient with
known advanced tumor with no obvious alternative cause
(para-malignant PE). Statistical analysis was performed
with the IBM SPSS Statistics software package, version
28.0.0.0 (IBM Corporation, Armonk, NY, USA). All data
were expressed as means £ SDs or medians [IQRs].

Of the 129 patients evaluated due to PE, 17 were
excluded according to the exclusion criteria. Therefore,
112 patients were included. Most were male (65.2%),
with a median age of 73 years [64-81 years]. Exudative
PE accounted for 82.1% of cases (n = 92): MPE, in 41
cases; PPE, in 15; empyema, in 7; TBPE, in 7; and other
causes, in 22 (cardiac failure, chronic liver disease,
chronic kidney disease and pulmonary thromboembolism).
Characteristics of the patients, characteristics of pleural
fluid according to the distinct types of PE and lactate
levels are shown in Table 1.

Pleural fluid lactate levels were significantly higher in the
exudate group than in the transudate group (p < 0.001)
. Regarding the exudate group, patients with MPE had
significantly lower levels of lactate than did those with
IPE: PPE (p = 0.030), TBPE (p = 0.032) and empyema
(p < 0.001). Of the 41 patients with MPE, 56.1% had
positive cytological results. No statistical differences in
lactate levels were found between para-malignant and
malignant PE (p = 0.121). Conversely, the patients with
exudative PE due to other causes showed significantly
lower median levels of lactate than did those with MPE
(p = 0.007).

A ROC curve analysis was used in order to determine
the optimal cut-off point of pleural fluid lactate to
differentiate between IPE and MPE. A lactate level > 6.4
mmol/L showed a specificity of 83% and a sensitivity
of 55% to predict IPE. The AUC was 0.753 (95% CI:
0.636-0.870; p < 0.001).

This study demonstrated the lactate levels in diverse
types of PE in a cohort of patients with PE of unknown
etiology. To obtain lactate levels, we used a bedside
test that has been in use in our department to measure

1. Servico de Pneumologia, Centro Hospitalar Tondela-Viseu, Viseu, Portugal.
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Table 1. Patient characteristics and biochemistry results of pleural fluid samples classified in accordance with the Light”

criteria and subgroups.?
Characteristic Total Group

Exudate MPE PPE

Subgroup

Empyema TBPE Other

causes®

Transudate

Patient (n=112) (n=20) (n=92) (n=41) (n =15) (n=7) (n=7) (n=22)
Gender
Male 73 (62.5) 13 (65.0) 60 (65.2) 23 (56.1) 11 (73.3) 4 (57.1) 6 (85.7) 16 (72.7)
Female 39 (34.5) 7 (35.0) 32 (34.8) 18 (43.9) 4 (26.7) 3 (42.9) 1(14.3) 6 (27.3)
Age, years 73 75.6 £ 73 72.2 + 67.3 + 66 + 58.1 + 78.5
[64-81] 11.1 [64-80] 12.6 14.0 22.7 18.8 [70-83]
Pleural fluid
biochemistry
pH 7.40 7.44 + 7.39 7.41 7.22 + 6.86 + 725+ 7.43%
[7.27-7.47] 0.14 [7.25-7.46] [7.29-7.46] 0.24 0.46 0.13 0.06
Glucose, 99.3 + 127.1 93.3 ¢ 101 85.1 + 5 46.3 + 108
mg/dL 52.3 29.8 54.2 [76-119] 64.0 [5-37] 25.4  [93-150]
LDH, U/L 293 122.6 + 336 337 758 2819 792+ 230.7 £
[158-642] 57.8 [196-727] [216-443]  [285-1058] [2118-32110] 358 153.6
Protein, 3.8+ 2.6 + 4.0 + 3.9+ 4.2 + 3.7+ 4.8 3.9+
g/dL 1.2 1.1 1.1 1.0 0.9 1.4 0.6 1.2
Lactate, 3.0 1.6 3.5 3.4 6.3 + 12.5 + 6.6 + 2.2 +
mmol/L [1.6-5.8] [1.1-2.0] [2.0-6.5] [2.0-5.8] 4.5 2.8 2.7 1.1
pc 0.030 < 0.001 0.032 0.007

MPE: malignant pleural effusion; PPE: parapneumonic pleural effusion; and TBPE: tuberculous pleural effusion.
aValues expressed as n (%), mean * SD, or median [IQR]. *Cardiac failure, chronic liver disease, chronic kidney
disease and pulmonary thromboembolism. °p values calculated by comparing the lactate levels in the MPE subgroup

with those in the other subgroups.

glucose, pH and hematocrit. In our study, the most
common forms of PE had infectious or malignant origins.
We demonstrated significantly higher median levels of
lactate in IPE than in MPE, which might be explained
by high metabolic cell activity during pleural infection,
accompanied by bacterial metabolism producing lactic
acid. Otherwise, MPE represents chronic inflammation
with lower cell production of lactate. As demonstrated
in other studies, cases of transudative PE showed the
lowest levels of lactate, supported by the underlying
pathophysiology, with no pleural disease or minimal
inflammation.®

We demonstrated that a lactate cut-off level > 6.4
mmol/L can help clinicians differentiate between IPE
and MPE, eventually guiding the decision of whether
antibiotic treatment should be initiated even if there is
no obvious indication, or whether chest pleural drainage
should be carried out in cases of complicated PPE and
empyema. If lactate levels are < 6.4 mmol/L, other
etiologies (such as malignancy) should be suspected,
and other tests (such as cytology, pleural biopsy and
thoracoscopy) should be performed.

This study has several limitations. Firstly, despite
being a prospective study, it had a limited sample size.
Secondly, other less common exudative causes were
not investigated, which could have introduced biases.

In conclusion, rapid bedside evaluation of lactate
levels in patients with PE can be a diagnostic tool in
differentiating infection from other causes, particularly
malignancy. Therefore, this fact may impact the
subsequent management in the event of a new PE,
especially following an initial thoracentesis.
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Impact of the COVID-19 pandemic on the
diagnosis of lung cancer in northeastern
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TO THE EDITOR:

Lung cancer is the most lethal and one of the most
common cancers in both men and women. More than
35,000 deaths and 30,000 new cases occurred in Brazil
in 2020. Cear3a, a state in northeastern Brazil, has the
sixth highest incidence of lung cancer in the country.®

At the end of 2019, SARS-CoV-2 infection began to
advance rapidly. By March of 2022, SARS-CoV-2 had
infected approximately 30 million people in Brazil, with
more than 3 million cases and almost 27,000 deaths in
the state of Ceard. The city of Fortaleza, one of the seven
largest capitals in Brazil, had the second highest mortality
rate in the first year of the COVID-19 pandemic in the
country, second only to that in the city of Manaus.®

The COVID-19 pandemic demanded urgent adaptation
of health care services. There was a decrease in clinical
appointments, diagnostic procedures, and hospitalizations
for other diseases. The flow of care was changed at
health care facilities, and hospital beds were reserved
for COVID-19 patients: a challenging scenario for the
diagnosis of cancer.

The reduction in screening tests and diagnostic
procedures impacted incidence rates, with a significant
drop in the diagnosis of new cancer cases worldwide.®
In Brazil, at least 15,000 cancer cases went undiagnosed
per month in 2020. The northeastern region of the
country was the most affected, with a 42.7% reduction
in the mean number of monthly diagnoses.®

With regard to lung cancer in particular, the numbers
of bronchoscopies and lung biopsies performed in the
Brazilian Unified Health Care System between March
and May of 2020 decreased significantly, by 35% and
13%, respectively, when compared with those for the
same period in the previous year. Hospital admissions for
lung cancer also dropped significantly (by 7%) over the
same period.® Although the recommendation was that
treatments that confer a survival benefit should continue
to be provided whenever possible,® the readjustment
and overload of the Brazilian Unified Health Care System
during the COVID-19 pandemic seem to have delayed
the diagnosis and treatment of lung cancer.

In addition to having an impact on the incidence of
cancer, the COVID-19 pandemic in England resulted
in a significant increase in the number of preventable
deaths resulting from late diagnosis of various types of

cancer.(” Patients with lung cancer were shown to be
at a greater risk for pandemic-related care delays than
were those with other malignancies.® Furthermore,
after the beginning of the COVID-19 pandemic, patients
presented with more advanced disease at the time of
diagnosis.®

In the present study, we evaluated the impact of the
COVID-19 pandemic on the diagnosis of lung cancer.
Data were collected retrospectively from the files of
the surgical pathology department of the Hospital de
Messejana, located in the city of Fortaleza, Brazil. Our
study was approved by the local research ethics committee
(Protocol no. CAAE 52992721.0.0000.5039). The surgical
pathology reports were identified by sequential numbers
by sign-out date. Patient anonymity and confidentiality
were strictly maintained. Data were also collected from
publicly available anonymized hospital records.?

The Hospital de Messejana is a referral hospital for
thoracic diseases in the northern and northeastern
regions of Brazil, playing a major role in lung cancer
screening and management. Between 2018 and 2021,
the hospital accounted for approximately 90% of all
bronchoscopies performed in the state of Ceard and
more than 80% of all hospitalizations for investigation
and surgical treatment of lung cancer in the state.(!?

As of June of 2020, because of the COVID-19 pandemic,
the Hospital de Messejana medical wards and ICUs
were adapted to receive patients with COVID-19. As a
result, there was a reduction in the number of diagnostic
procedures for other diseases. The surgical pathology
department of the hospital received a significantly
lower number of samples for analysis in 2020 and
2021. Consequently, the numbers of surgical pathology
reports issued in 2020 and 2021 decreased significantly
in comparison with those of reports issued before the
COVID-19 pandemic (Figure 1A).

Between 2015 and 2019, 3,703 + 70 surgical pathology
reports were issued annually. In 2020 and 2021, the
numbers of reports issued were 2,748 and 2,899,
respectively. The greatest reduction was observed in
2020. May was the most affected month, followed by June
and April, coinciding with the peak months of the first
wave of the COVID-19 pandemic in the state of Ceara.
In 2021, although there was a slight improvement in the
total number of examinations in comparison with 2020,
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Figure 1. Numbers of surgical pathology reports issued
by pathologists at the Hospital de Messejana before and
during the COVID-19 pandemic, and their relationship
with the total numbers of COVID-19 cases and deaths in
the state of Ceara, Brazil. In A, surgical pathology reports
issued between 2015 and 2021. Each dot represents the
number of reports issued each month. There was a significant
reduction in the numbers of reports issued in 2020 and 2021
in comparison with those issued in the 2015-2019 period
(p < 0.05). There was no significant difference between
the numbers of reports issued in 2020 and 2021. In B and
C, linear relationship of the numbers of surgical pathology
reports issued by pathologists at the Hospital de Messejana
with the numbers of COVID-19 cases (B) and deaths (C)
occurring between January of 2020 and December of 2021.
Each dot represents one month in the analyzed period.

there was no significant recovery. As can be seen in
Figure 1B, there was a strong negative correlation
between the number of surgical pathology reports and

Caminha I, Tavora F, Sousa J, Martins Neto F, Cavalcanti LPG

the number of COVID-19 cases (r(22) = —0.502; p
= 0.012), as well as between the number of surgical
pathology reports and the number of deaths from
COVID-19 (r(22) = —-0.689; p = 0.002).

The mean number of bronchoscopies performed
monthly at the Hospital de Messejana in 2020 and
2021 was 47.61, which was 44% lower than those
for 2018 and 2019, before the COVID-19 pandemic
(p = 0.0006). Statistically significant reductions were
also seen in the numbers of surgical pathology reports
on the lungs, trachea, pleura, and mediastinal lymph
nodes, as well as in the number of hospitalizations
for the diagnosis and management of lung cancer
(International Classification of Diseases, 10th revision
codes C33 and C34), which decreased by 17% (p =
0.006) and 21% (p = 0.005), respectively.

The positivity rate (i.e., the ratio of the total
number of cancer cases to the total number of
surgical pathology reports) did not change during the
COVID-19 pandemic. In 2020 and 2021, the mean
proportion of positive cases or strongly suspected
cases of malignancy for biopsies performed in the
lungs, pleura, trachea, and mediastinal lymph nodes
was 48.6%, which is not significantly different from
the positivity rates for 2018 and 2019 (48.2%; p
= 0.75). However, fewer cases were diagnosed,
because of the negative impact of COVID-19 on the
total number of biopsies analyzed.

For non-small cell lung carcinoma, which is the
predominant histological type, the 5-year survival rate
is reduced by almost half in cases of locally advanced
tumors in comparison with those diagnosed at an
earlier stage, being equal to 37%. The 5-year survival
rate is even lower in advanced stages, dropping to an
alarming 8%."" This underscores the negative impact
that a reduction in the diagnosis of lung cancer at the
Hospital de Messejana during the pandemic years of
2020 and 2021 can have on prognosis and cure rates.

The state of Ceara, as well as several other regions
of the world, will face a great challenge. Patients who
failed to receive a diagnosis during the pandemic years
of 2020 and 2021 are likely to present with more
advanced disease at diagnosis, with worse prognosis
and lower mean survival rates. There is an urgent
need for restructuring the health care system (with
the return of early detection programs) and preparing
specialized centers to manage the backlog of patients
with lung cancer.

In Brazil, lung cancer is the leading cause of cancer
death among men and the second leading cause of
cancer death among women. Therefore, there is a
need for campaigns promoting early diagnosis of lung
cancer, similar to the Prostate Cancer Awareness Month
and the Breast Cancer Awareness Month campaigns.
Increased education on lung cancer, together with an
increased availability of outpatient visits, diagnostic
tests, and surgical procedures for lung cancer, could
mitigate the impact of the COVID-19 pandemic on
lung cancer screening and management.
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Lisete Ribeiro Teixeira’

TO THE EDITOR,

Tuberculous empyema (TE) is characterized by the
presence of pus in the pleural cavity as a consequence of
chronic active infection of the pleura by Mycobacterium
tuberculosis, resulting in an influx of neutrophils and
subsequent development of purulent effusion, thickening,
and eventually, pleural calcification.*) Nevertheless, the
pathophysiology of TE is not yet completely understood.
It is postulated that infection of the pleural cavity by
mycobacteria may occur through several mechanisms,
including the progression of improperly treated tuberculous
pleural effusions; direct dissemination of the infection from
a ruptured thoracic lymph node, rupture of the pulmonary
cavity, or a subdiaphragmatic focus; hematogenous spread
from a distant focus; or even contamination of the pleural
cavity after pulmonary surgery/pneumonectomy.:?

The treatment of pleural involvement by tuberculosis
is similar to that of pulmonary disease; however, when
it comes to TE, there are no extensive recommendations
in the literature for pleural management, and evidence
of the treatment of bacterial empyema is usually
extrapolated.®) Despite being the initial recommendation,
one-third of patients with TE have failed pleural drainage.’”)
Invasive procedures, such as open thoracotomy with
pleural decortication and, more recently, video-assisted
thoracoscopic surgery (VATS), may be necessary to
resolve the infectious process and prevent progression to
fibrothorax. Still, the risks and costs are not negligible.#
As in bacterial empyema, the use of combined intrapleural
therapy with fibrinolytics and deoxyribonuclease (DNase),
in synergy with oral medication, could be part of the
therapeutic arsenal for patients with initial failure of
chest drainage.®

A 36-year-old male with no known comorbidities and a
history of fever and productive cough for 12 months was
subjected to several treatments for community-acquired
pneumonia, without success and with recurrence of
symptoms, associated with a weight loss of 12 kg in
that period. Three sputum samples were tested for
acid-fast bacilli (AFB) smears, nucleic acid amplification
tests (Xpert MTB/RIF Ultra), and mycobacterial cultures,
and all results were negative. Initial chest radiography
revealed an opacity in the left apex associated with
moderate ipsilateral pleural effusion. Due to the high
prevalence of pleural tuberculosis in Brazil, a standard
regimen with rifampin, isoniazid, pyrazinamide, and
ethambutol (RIPE) was started for 2 months, followed
by maintenance therapy with RI. Four months after the
start of treatment, despite the clinical resolution of the
fever, the patient maintained weight loss, dyspnea, and

Tuberculous empyema: combined
intrapleural therapy might be an alternative

Philippe de Figueiredo Braga Colares'®, Jennifer Kiara Delgado Rivas'®,
Amanda dos Santos Sciortino'®, Roberta Karla Barbosa de Sales'®,

hyporexia, in addition to the persistence of a large left
pleural effusion. The patient was then forwarded to a
tertiary service for investigation.

Bedside point-of-care ultrasound showed a moderate
amount of pleural effusion, with homogeneous echogenicity,
internal septations, and swirling echoes, in addition to
significant pleural thickening (complex pleural effusion).
Computed tomography (CT) of the chest confirmed the
presence of moderate left loculated pleural effusion
associated with pleural thickening and enhancement, as
well as bilateral centrilobular pulmonary micronodules with
a “tree-in-bud” aspect that were sometimes confluent
in areas of pulmonary consolidation. The presence
of left upper lobe fibroatelectasis was also observed.
Diagnostic thoracentesis was performed, with drainage
of 60 mL of purulent fluid. Pleural fluid analysis showed
an exudate (Light’s criteria) with pH 7.12, 4,774 U/L
of lactic dehydrogenase, 5.8 mg/dL of protein, 321
U/L of adenosine deaminase (ADA), and cytology of
115,200 cells, 98% of which were leukocytes (100%
polymorphonuclear). In addition, the Xpert MTB/RIF Ultra
assay was positive. Thoracic drainage with a small 14F
pigtail catheter was indicated, with an immediate output
of 200 mL of purulent fluid, despite a significant reduction
in output on the second day and persistence of pleural
effusion in a control radiograph. The patient was provided
intrapleural therapy with 10 mg of tissue plasminogen
activator (Actilyse®) and 5 mg of DNase (Pulmozyme®),
injected through the chest tube, associated with pleural
lavage with 250 mL of 0.9% saline solution, for 3 days.
The patient progressed with a significant increase in
pleural output (1,130 mL in 5 days) and rapid clinical
and radiological improvement without complications
associated with local therapy. The chest tube was removed
after the fifth day of treatment, and the patient was
discharged after 7 days of hospitalization without the
need for additional interventions, with maintenance of
oral therapy (RI).

Although its pathophysiology is not well understood,
TE is a serious condition that, aside from high mortality,
can result in severe pleural sequelae.*?) Despite its high
efficacy in the treatment of pleural tuberculosis, drug
therapy (RIPE) may be insufficient for the management
of TE. Recent studies have confirmed the effectiveness
of VATS as a therapeutic option in cases of chest
drainage failure; 2 however, this therapy is reserved
for patients with low surgical risk, in addition to being an
inaccessible and expensive option for the vast majority
of the Brazilian population.?* Although well-established
for the management of infected pleural effusion
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Figure 1. Chest CT (coronal and sagittal) before intrapleural therapy, showing the presence of moderate left loculated

pleural effusion (red asterisk and dotted line) (A). Chest CT (coronal and sagittal) after intrapleural therapy, showing
the pigtail catheter and a significant reduction in pleural effusion (red arrow and dashed line) (B).

(parapneumonic),®” few studies have evaluated the
efficacy of intrapleural therapy for patients diagnosed
with TE, either with fibrinolysis alone or in association
with DNase, limited to a few case series.®®

Here, we report the case of a patient diagnosed with
TE with persistent symptoms and pleural effusion,
despite Directly Observed Therapy (DOT). As a first
step, the insertion of a chest tube was indicated but
was insufficient for the complete resolution of the
condition. In this case, some surgical procedures, such
as VATS, could be necessary to resolve this pleural
infection. However, the adjuvant intrapleural therapy
with alteplase and DNase for 3 days resulted in clinical,
laboratory, and radiological improvement associated

with a short hospital stay, without the need for a more
invasive surgical procedure and without adverse effects.

There is no consensus on the intrapleural dose
that should be used.*® Thus, larger studies need
to be carried out to assess the efficacy and safety of
the intrapleural use of alteplase-DNase in TE as an
alternative therapy to surgical interventions.
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Acute dyspnea during the general
anesthesia recovery period: do not overlook
negative pressure pulmonary edema

Bruno Lima Moreira'®, Felipe Marques da Costa*®, Deodato Rolim Cartaxo'®,

Bruna Brandao Libanio

TO THE EDITOR:

Negative pressure pulmonary edema (NPPE) is a type
of noncardiogenic edema that may occur after an abrupt
increase in negative pressure within the pleural space
secondary to contraction of the inspiratory muscles in an
attempt to overcome an acute obstruction in the upper
airway. NPPE is a potentially serious complication during
the recovery period from general anesthesia, occurring
in up to 0.1% of patients undergoing orotracheal
intubation, also accounting for 5-10% of all episodes
of upper airway obstruction.*?

During anesthetic practice, NPPE is more common
in young and healthy men, who have greater muscle
mass and therefore generate greater variations in
intrapleural negative pressure.® Although NPPE usually
develops shortly after extubation, this phenomenon can
eventually occur after a few hours. The major symptoms
are dyspnea and cough with foaming serosanguineous
secretion. Upon physical examination, tachycardia,
snoring, rales, and stridor may be present. In most
severe forms, bradycardia, paradoxical breathing, and
cyanosis can be observed.®

We herein report the case of a 26-year-old man with no
previous comorbidities who underwent elective bilateral
flexible ureterorenoscopy and lithotripsy with the insertion
of a double J catheter for the treatment of right renal and
left ureteral stones. The procedure was performed under
balanced general anesthesia with laryngeal mask airway
(LMA) use. SpO, and blood pressure before anesthetic
induction were 99% and 130/80 mmHg, respectively.
There was no sign of aspiration of gastric contents
during the procedure. Fluid balance remained close to
zero, and no significant blood pressure changes were
observed. The patient evolved with an acute episode of
respiratory distress (tachydyspnea, cough, and frothy,
bloody sputum; SpO, dropped to 86%) in the recovery
room while waking up from general anesthesia 15 min
after LMA removal. Pulmonary auscultation showed
crackling rales predominantly at the base of the right
hemithorax. There was no stridor at that time. Arterial
blood gas analysis revealed partial pressure of oxygen
of 41 mmHg and arterial oxygen saturation of 74% in
room air. Oxygen supplementation was started with a
non-rebreathing mask with a flow of 5 L/min.

Bedside chest radiography was performed and showed
subtle ill-defined opacities more evident in the lower

, Pablo Rydz Pinheiro Santana'?

right lung field (Figure 1A). The patient underwent
assisted ventilation with 10 cmH,0 CPAP and 100%
oxygen. After 30 min, there was an improvement in SpO,
(98%), with reduction of respiratory distress. Intubation
was not considered due to the clinical improvement.
Then, he underwent pulmonary CT angiography, which
was negative for pulmonary embolism and showed
several small, sometimes coalescing, consolidative
opacities associated with ground-glass opacities
affecting all of the lobes in both lungs, predominantly
in peribronchovascular regions, more extensive in the
lower lobes (Figure 1B-1D). Laboratory tests revealed
9,600 cells/pL leukocytes, 13.5 g/dL hemoglobin, and
normal platelet count. Serum electrolytes, renal function,
echocardiogram, and electrocardiogram were normal.
The patient was referred to the ICU, and CPAP was
maintained in 60-min sessions every 8 h, with weaning
from oxygen therapy after 24 h. He was discharged
after two days with complete resolution of symptoms
and radiological abnormalities.

In summary, the clinical scenario was an acute episode
of respiratory distress in a young male patient during
the general anesthesia recovery period with LMA use.
The main differential diagnoses, including pulmonary
embolism and cardiogenic edema, were ruled out. Due
to the clinical course of rapid resolution of pulmonary
edema combined with a clear causative factor and
exclusion of differential diagnoses, it was concluded
that the negative pressure mechanism after a transient
laryngospasm was responsible for the clinical presentation.
Thus, the presumptive diagnosis was NPPE, a form of
noncardiogenic pulmonary edema.

NPPE has been subdivided into two types. Type
1 is related to vigorous inspiratory effort in case of
acute airway obstruction, such as post-extubation
laryngospasm or epiglottitis, and type 2 occurs after
the relief of chronic partial airway obstruction, such
as after adenoidectomy.(®®) The case presented herein
was type 1 NPPE.

Type 1 NPPE most commonly occurs in young patients
during the recovery period from general anesthesia with
orotracheal intubation. However, with the accelerated
adoption curve of LMA in clinical practice, several cases
of NPPE with LMA use have been reported.®1®

The pathogenesis of type 1 NPPE is multifactorial.
Inspiratory effort to overcome the obstruction generates
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Figure 1. In A, Anteroposterior chest radiograph (bedside) demonstrated subtle ill-defined opacities, more evident
in the lower right lung field. In B, C, and D, pulmonary CT angiography images (lung window) in axial (B and C) and
coronal (D) planes revealed several small, sometimes coalescing, consolidative opacities associated with ground-glass
opacities affecting all of the lobes in both lungs, predominantly in peribronchovascular regions, more extensive in the
lower lobes. These findings are consistent with pulmonary edema (in this case, negative pressure pulmonary edema).
It is worth mentioning that the exam was negative for pulmonary embolism.

an increase in intrapleural negative pressure.
The “siphon effect” within the rib cage increases
venous return to the right heart chambers, which
produces an increase in hydrostatic pressure in the
pulmonary capillaries and causes fluid to move out
of the vessels into the interstitial and alveolar space,
causing edema, imbalance between ventilation and
perfusion, and, consequently, hypoxemia. It may
trigger hypoxic pulmonary vasoconstriction and raise
pulmonary vascular resistance. By increasing the
right ventricular volume, the interventricular septum
may shift leftward, with reduced left ventricular
diastolic compliance. Increased cardiac afterload and
myocardial hypoxia lead to decreased left ventricular
function, with increased pulmonary venous pressure.
Hypercapnia, acidosis, hyperadrenergic response, and
loss of capillary integrity may be contributing factors
in the pathophysiology.-3:%

NPPE has a quick onset, commonly within minutes,
and a relatively rapid resolution. If recognized and
treated early, NPPE is usually a self-limited condition
and, thus, reversible, with relevant clinical and
radiological improvement, frequently in 12-48 h. The
diagnosis of NPPE can be made on the basis of the
presence of a precipitating situation and compatible
symptoms. Chest radiograph and/or CT findings of
pulmonary edema support the diagnosis.(*468

The management of NPPE is mainly supportive and
includes its early recognition followed by upper airway
clearance, supplemental oxygen therapy, and use of
noninvasive ventilation (including CPAP). In extreme
cases, (re)intubation with a certain level of PEEP
may be required. Muscle relaxation with low doses
of succinylcholine can relieve laryngospasm. (- The
role of steroids and diuretics is still controversial, and
there is no clear recommendation regarding their use.®)

In conclusion, medical practitioners should be
aware of NPPE, and a correct understanding of
pathophysiological mechanisms behind this condition is
essential for early diagnosis and proper management.
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CORRESPONDENCE

TO THE EDITOR:

We would like to discuss a study called “Factors
underlying denial of and disbelief in COVID-19,” which
looks into what influences or encourages doubt and
unfavorable opinions concerning COVID-19.®) In that
study, the authors point out that a number of steps must
be taken to promote vaccination and to reduce instances
of denial and skepticism regarding COVID-19, and that
governments should put in place a number of strategies
to control the disease, while taking into consideration the
psychological and social ramifications of those policies.®

In order to increase immunization rates and provide
doubters with reliable information, it is essential to
increase public confidence in authorities, experts, and
scientists. For a variety of reasons, local COVID-19
control efforts may encounter support or opposition. The
most noteworthy of those reasons is apprehension about
vaccination, which has been linked to mistrust of the

Denial of and disbelief in COVID-19

Rujittika Mungmunpuntipantip'®, Viroj Wiwanitkit?3

local health care system.® The willingness of a person
to support public health initiatives depends on how much
they trust their local public health response to a crisis.

How much a person trusts their local public health
response to a crisis determines how ready they are to
adhere to public health measures for disease epidemic
management during the COVID-19 pandemic.®® There is
proof that people’s attitudes toward vaccination vary based
on their background and environment. People’s decisions
seem to change as their local environment changes. It
is essential to comprehend the sad events that followed.
To that end, the impacts of COVID-19 vaccination, local
public health measures against COVID-19, and varying
local epidemic stages should all be investigated using a
longitudinal study design.
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TO THE EDITOR:

We received the correspondence regarding our
recently published article and we thank you. We read
this well-written correspondence carefully and are glad
that the authors are in agreement with our findings
and conclusions.

As is widely acknowledged in the literature, there is
not only one reason for disbelief or hesitancy toward
COVID-19 or toward the available vaccines developed
to protect humanity from this disease. Nevertheless,
disbelief and hesitancy have been documented as a
worldwide phenomenon affecting all countries.

Fortunately, according to Lazarus et al.,(» COVID-19
vaccine acceptance increased over the last year in
most of the 19 countries studied in 2020 and 2021.
However, even though the reported level of acceptance
rose to 75.2% in the 23 countries studied in 2021, it
remains below the level required to tackle the pandemic
successfully.®

Consequently, each country needs to investigate
the reasons behind the disbelief in COVID-19 and
the vaccine hesitancy and act accordingly, because

the factors associated with this phenomenon vary
considerably from country to country. Some of these
factors include gender, age, income, health condition,
and place of residence.®

Also, circulating misinformation had a negative
impact on each national health care system’s attempt
to implement scientifically sound strategies to confront
the COVID-19 pandemic. As a result of misinformation,
people may become confused and hesitant, suspect
vaccine efficacy, and, consequently, avoid vaccination.
As has been suggested elsewhere,® we strongly
believe that primary care needs to be supported and
used as a pillar to inform people about and restore
their trust in the health care systems and scientific
achievements altogether.

Finally, we advocate that cooperation among nations
and exchange of information, research findings, and
good practices are essential to effectively control this
pandemic.
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Endereco: Setor de Clubes Sul, Trecho 3, Conj. 6
CEP: 70.200-003 - Brasilia — DF
Tellfax: (61) 3245-8001
E-mail: sbdt@ambr.org.br

SOCIEDADE CEARENSE DE PNEUMOLOGIA E TISIOLOGIA
Presidente: Ricardo Coelho Reis
Secretario: Ivan Guerra De Araujo Freitas
Endereco: Av. Dom Luis, 300, sala 1122, Aldeota
CEP: 60.160-230 - Fortaleza — CE
Telefone: (85) 3092-0401/3264-9466
E-mail: assessoria@scpt.org.br; amc@amc.med.br

Site: www.scpt.org.br

SOCIEDADE DE PNEUMOLOGIA DA BAHIA

Presidente: Jorge Luiz Pereira e Silva
Secretario: César Augusto de Araujo Neto
Enderego: ABM - Rua Baependi, 162
Sala 03 - Terreo- Ondina
CEP: 40.170-070 - Salvador — BA
Telffax: (71) 33326844
E-mail: pneumoba@gmail.com | spba@outlook.com.br
SOCIEDADE DE PNEUMOLOGIA DO ESPIRITO SANTO - SPES
Presidente: Rafael de Castro Martins
Secretaria: Karina Tavares Oliveira
Endereco: Rua Eurico de Aguiar, 130, Sala 514,
Ed. Blue Chip, Praia do Campo
CEP: 29.055-280 - Vitoria — ES
Telefone: (27) 3345-0564 - (27) 999826598
E-mail: rafaelcastromartins@gmail.com
SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO MATO GROSSO - SPMT
Presidente Clovis Botelho
Secretaria: Wandoircy Silva Costa
Enderego: Av. Miguel Sutil, n 8000, Edf. Santa Rosa Tower,
sala 602 — Vila Mariana
CEP: 78.040-790 - Cuiaba — MT
Telefone: (65) 996581548
E-mail: clovisbotelho8@gmail.com
SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO MATO GROSSO DO SUL
Presidente: Henrique Ferreira de Brito
Secretario: Luiz Armando Pereira Patusco
Enderego: Rua 15 de novembro,2552,
Ed. One Offices, Sala 901
CEP: 79.020-300 - Campo Grande - MS
Telefone: (67)981628382 — (67)33274110
E-mail: especialidades@amms.com.br
SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO ESTADO DO
RIO DE JANEIRO
Presidente: Fernanda de Carvalho de Queiroz Mello
Secretario: Ricardo Luiz de Menezes Duarte
Enderego: Largo do Machado, 21, GR. 08, sala 914,
Catete
CEP: 22.221-020 - Rio de Janeiro — RJ
Telffax: (21) 3852-3677
E-mail: sopterj@sopterj.com.br
Site: www.sopterj.com.br
SOCIEDADE DE PNEUMOLOGIA E TISIOLOGIA DO RIO GRANDE DO SUL
Presidente: Gustavo Chatkin
Vice Presidente: Paulo Roberto Goldenfum
Endereco: Auv. Ipiranga, 5.311, sala 403
CEP: 90.610-001 - Porto Alegre — RS
Telefone: (51) 3384-2889
E-mail: sptrs.secretaria@gmail.com
Site: www.sptrs.org.br
SOCIEDADE GOIANA DE PNEUMOLOGIA E TISIOLOGIA
Presidente: Karla Cristina de Moraes Arantes Curado
Secretaria: Roseliane de Souza Araujo
Enderego: Galeria Patio 22, Rua 22 n° 69, Sala 17,
Setor Oeste
CEP: 74.120-130 - Goiania — GO
Telefone: (62) 3251-1202 / (62) 3214-1010
E-mail: sgpt2007@gmail.com | karlacurado1@hotmail.com
SOCIEDADE MINEIRA DE PNEUMOLOGIA E CIRURGIA TORACICA
Presidente: Marcelo Bicalho de Fuccio
Secretario: Luciana Macedo Guedes
Enderego: Av. Jodo Pinheiro, 161 - sala 203 - Centro
CEP: 30.130-180 - Belo Horizonte — MG
Telffax: (31) 3213-3197
E-mail: smpct@smpct.org.br
Site: www.smpct.org.br
SOCIEDADE PARAIBANA DE TISIOLOGIA E PNEUMOLOGIA
Presidente: Maria Enedina Claudino Aquino Scuarcialupi
Secretaria: Gerlania Simplicio Sousa
Endereco: Rua José Florentino Jr. 333— Tambauzinho
CEP: 58042-040 — Jodo Pessoa — PB
Telefone: (83) 38863700
E-mail: enedinapneumo@enedinapneumo.com
SOCIEDADE PAULISTA DE PNEUMOLOGIA E TISIOLOGIA
Presidente: Frederico Leon Arrabal Fernandes
Secretario: Rodrigo Abensur Athanazio
Enderego: Rua Machado Bittencourt, 205,
8° andar, conj. 83 - Vila Clementino
CEP: 04.044-000 S&o Paulo — SP
Telefone: 0800 17 1618
E-mail: sppt@sppt.org.br
Site: www.sppt.org.br
SOCIEDADE SERGIPANA DE PNEUMOLOGIA E TISIOLOGIA
Presidente: Edson Franco Filho
Secretario: Almiro Alves de Oliva Sobrinho
Enderego: Av. Gongalo Prado Rollemberg, 211,
Sala 206-Centro Médico - Bairro Sao José
CEP: 49.050-370 - Aracaju - SE
Telefone: (79) 999814482
E-mail: edac@uol.com.br
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CONHEGA O NOVO
APLICATIVO DA BAYER!

ESTRATIFICAGAO DE RISCO

A estratificacdo de risco é a base para a
avaliagdo progndstica e orientagéo
terapéutica na Hipertensao Pulmonar

O aplicativo “Risco na HP” facilita a
utilizagdo das estratégias para -
estratificagao de risco na Hipertensao
Pulmonar, de acordo com publicagoes
cientfficas.

O aplicativo Risco na HP
facilita a utilizacado das estratégias
para estratificacao de risco do
seu paciente, de acordo com as
diretrizes do

Registro COMPERA3*,

REVEAL 20 REVEAL 2.0 e REVEAL Lite 2

REVEAL Lite 2

ESTRATEGIAS

Registro COMPERA

Saiba mais sobre HP | Termo de uso

O aplicativo Risco na HP esta disponivel para ,
download gratuito nas principais lojas de aplicativo. ¢ App Store

Baixar na

Google Play e o logo Google Play sdao marcas da Google LLC DISPONIVEL NO
e App Store € uma marca da Apple Inc.

Google Play

O aplicativo Risco na HP foi desenvolvido com base em publicagdes cientificas1-6 para realizar uma estimativa na estratificagéo de risco
da Hipertensédo Pulmonar.

A responsabilidade pela determinagédo da conduta terapéutica para cada paciente € do médico e sua equipe. O aplicativo apenas facilita
a utilizagdo das estratégias de avaliagao de risco. As informagdes apresentadas pelo aplicativo ndo devem ser utilizadas isoladamente.

Referéncias:

1. Boucly A, Weatherald J, Savale L, et al. Risk assessment, prognosis and guideline implementation in pulmonary arterial hypertension. Eur Respir
J. 2017 Aug 3;50(2):1700889. 2. Galie N, Humbert M, Vachiery JL, Gibbs S, Lang I, Torbicki A, et al. 2015 ESC/ERS Guidelines for the diagnosis
and treatment of pulmonary hypertension: The Joint Task Force for the Diagnosis and Treatment of Pulmonary Hypertension of the European Society
of Cardiology (ESC) and the European Respiratory Society (ERS): Endorsed by: Association for European Paediatric and Congenital Cardiology
(AEPC), International Society for Heart and Lung Transplantation (ISHLT). Eur Heart J. 2016 Jan 1;37(1):67-119. 3. Hoeper MM, Kramer T, Pan Z, et
al. Mortality in pulmonary arterial hypertension: prediction by the 2015 European pulmonary hypertension guidelines risk stratification model. Eur
Respir J. 2017 Aug 3;50(2):1700740. 4. Delcroix M, et al. Risk assessment in medically treated chronic thromboembolic pulmonary hypertension
patients. Eur Respir J. 2018 Nov 8;52(5):1800248. 5. Benza RL, Gomberg-Maitland M, Elliott CG, Farber HW, Foreman AJ, Frost AE, McGoon MD,
Pasta DJ, Selej M, Burger CD, Frantz RP. Predicting Survival in Patients With Pulmonary Arterial Hypertension: The REVEAL Risk Score Calculator
2.0 and Comparison With ESC/ERS-Based Risk Assessment Strategies. Chest. 2019 Aug;156(2):323-337. 6. Benza RL, Kanwar MK, Raina A, Scott
JV, Zhao CL, Selej M, Elliott CG, Farber HW. Development and Validation of an Abridged Version of the REVEAL 2.0 Risk Score Calculator, REVEAL
Lite 2, for Use in Patients With Pulmonary Arterial Hypertension. Chest. 2021 Jan;159(1):337-346.

Essa mensagem nao deve ser compartilhada por se destinar somente a profissionais de salde habilitados a
prescrever ou dispensar medicamentos
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LANGAMENTO

EGURINEL

pirfenidona

Chegou
EGURINEL® (pirfenidona

O primeiro similar de pirfenidona do Brasil!

Egurinel® (pirfenidona) é bioequivalente ao medicamento referéncial'

Referéncia: 1. Vespasiano CFP, Accennato VAC, Costa F, Riccio MF, Bernasconi G, et al. (2020) Bioequivalence between Two Capsules of Pirfenidona in Healthy Subjects
under Fed Condition. J Bioeq Stud 6(1): 101

EGURINEL® (pirfenidona) é apresentado em embalagem contendo 270 capsulas. Indicagdes: EGURINEL® (pirfenidona) esta indicado para tratamento de fibrose pulmonar idiopatica
(FPI). Posologia: Adultos: Ao iniciar o tratamento, a dose deve ser escalonada em um periodo de 14 dias até a dose diaria recomendada de nove capsulas por dia, como se segue: Dias 1
a7:uma capsula, trés vezes por dia (801 mg/dia). Dias 8 a 14: duas capsulas, trés vezes por dia (1602 mg/dia). Dias 15 em diante: trés cépsu\as, trés vezes por dia (2403 mg/dia). A dose
diaria recomendada de EGURINEL® para pacientes com FP| € de trés capsulas de 267 mg trés vezes por dia com alimentos até um total de 2403 mg/dia. Contraindicag6es:
EGURINEL® (pirfenidona) esta contraindicado nos casos de hipersensibilidade a substancia ativa ou qualquer um de seus componentes; histérico de angioedema devido ao uso de
pirfenidona; insuficiéncia hepética grave ou doenga hepatica terminal; insuficiéncia renal grave (CrCl < 30mL/min) ou doenga renal terminal com necessidade de dialise. O uso
concomitante de fluvoxamina e EGURINEL® esta contraindicado. Precaugoes e Adverténcias: Funcao Hepatica: lesao hepatica induzida por medicamento (DILI) na forma de elevacao
transitéria e clinicamente silenciosa de transaminases tem sido continuamente reportada em pacientes tratados com ECURINEL® (pirfenidona). Em casos raros, estas elevagoes foram
associadas com elevagao concomitante da bilirrubina e consequéncias clinicas seérias, incluindo casos isolados com desfecho fatal reportados pos-comercializagao. Provas de fungao
hepdtica (ALT, AST e bilirrubinas) devem ser realizadas antes do inicio do tratamento com EGURINEL® e subsequentemente em intervalos mensais nos 6 primeiros meses e depois a
cada 3 meses a partir de entao. Reacao de hipersensibilidade e erupgao cutanea: a exposicao direta a luz solar (incluindo bronzeamento artificial) deve ser evitada ou reduzida durante o
tratamento com pirfenidona. Os pacientes devem ser orientados a usar bloqueador solar eficaz diariamente, usar roupas que protejam contra a exposicao solar e evitar outros
medicamentos que reconhecidamente provoquem fotossensibilidade. Os pacientes devem ser orientados a reportar sintomas de fotossensibilidade ou erupgéo cutdnea ao seu
medico. Ajustes de dose ou descontinuagao temporaria de tratamento podem ser necessarios no caso de reacao de fotossensibilidade ou erupgao. Tontura: tonturas tém sido relatadas
em pacientes tomando pirfenidona. Portanto, os pacientes devem saber como eles reagem a este medicamento antes de se envolver em atividades que exigem prontidao ou
coordenagao mentais. Em estudos clinicos, a maioria dos pacientes que apresentaram tontura tinham um Unico evento, e a maioria dos eventos resolvidos, com uma duracao media de
22 dias. Se a tontura nao melhorar ou se agravar, pode ser necessario um ajuste da dose ou até mesmo a interrupcao de pirfenidona. Fadiga: Fadiga tem sido relatada em pacientes
tomando pirfenidona. Portanto, os pacientes devem saber como eles reagem a este medicamento antes de se envolver em atividades que exigem prontidao ou coordenagao mental
Perda de peso: a perda de peso tem sido relatada em pacientes tratados com pirfenidona. Os médicos devem monitorar o peso dos pacientes, e, quando necessario, incentivar o
desenvolvimento do consumo de calorias se a perda de peso for considerada de importancia clinica. Disturbios gastrintestinais: nos estudos clinicos, os eventos adversos
gastrointestinais como nauseas, diarreia, dispepsia, vomitos, doenca do refluxo gastresofagico e dor abdominal foram mais frequentemente relatados pelos pacientes nos grupos de
tratamento com pirfenidona do que naqueles que receberam o placebo. Interagdes: ECURINEL® é contraindicado para pacientes em uso concomitante de fluvoxamina. A
coadministragao de EGURINEL® e ciprofloxacino 750 mg (inibidor moderado e seletivo de CYPIA2) aumentou a exposicao a pirfenidona em 81%. Se o uso de ciprofloxacino 750 mg
duas vezes por dia nao puder ser evitado, a dose de ECURINEL® deve ser reduzida para 1602 mg por dia (duas capsulas, trés vezes por dia). EGURINEL® deve ser usado com cautela
quando o ciprofloxacino for utilizado em dose de 250 mg ou 500 mg, uma ou duas vezes por dia. No caso de indutores moderados de CYPIA2 (p.ex, omeprazol), 0 uso concomitante
pode teoricamente resultar em redugao dos niveis plasmaticos de pirfenidona. A coadministracao de medicamentos que atuem como indutores potenciais tanto de CYPIA2 quanto de
outras isoenzimas CYP envolvidas no metabolismo da pirfenidona (p.ex, rifampicina) pode resultar em reducao significativa dos niveis plasmaticos de pirfenidona. Esses medicamentos
devem ser evitados sempre que possivel. O tabagismo tem o potencial para induzir a producéo de enzimas hepaticas e por isso aumenta a depuragao e reduz a exposicao ao
EGURINEL®. O uso concomitante de indutores potentes de CYPIA2, incluindo o fumo, deve ser evitado durante a terapia com EGURINEL® Reagoes Adversas: as reacoes adversas mais
comuns, obtidas dos estudos pivotais foram: nauseas (36%); erupcao cutanea (30,3%); tosse (27,8%); infeccao do trato respiratério superior (26,8%) e diarréia (258%). VENDA SOB
PRESCRICAO MEDICA. Reg. MS- 1.2214.0114. SAC: 08000 016 6575 “Informagées adicionais disponiveis aos profissionais de saude mediante solicitacao a Zodiac Produtos
Farmacéuticos S.A — www.zodiac.com.br - Para informagoes completas, consultar a instru¢ao de uso do produto. Contraindicacao: EGURINEL® (pirfenidona) esta contraindicado nos
casos de hipersensibilidade a substancia ativa ou qualguer um de seus componentes; historico de angioedema devido ao uso de pirfenidona; insuficiéncia hepatica grave ou doenca
hepdtica terminal; insuficiéncia renal grave (CrCl < 30mL/min) ou doenga renal terminal com necessidade de didlise. O uso concomitante de fluvoxamina e EGURINEL® es[a
contraindicado. Interagao EGURINEL® ¢é contraindicado para pacientes em uso concomitante de fluvoxamina. A coadministracdo de EGURINEL® e ciprofloxacino 750 mg (inibidor
moderado e seletivo de CYPIA2) aumentou a exposicao a pirfenidona em 81%. Se o uso de ciprofloxacino 750 mg duas vezes por dia nao puder ser evitado, a dose de ECURINEL® deve
ser reduzida para 1602 mg por dia (duas capsulas, trés vezes por dia). EGURINEL® deve ser usado com cautela quando o ciprofloxacino for utilizado em dose de 250 mg ou 500 mg,
uma ou duas vezes por dia. No caso de indutores moderados de CYPIA2 (p.ex, omeprazol), 0 uso concomitante pode teoricamente resultar em redugao dos niveis plasmaticos de
pirfenidona. A coadministracao de medicamentos que atuem como indutores potenciais tanto de CYPIA2 quanto de outras isoenzimas CYP envolvidas no metabolismo da pirfenidona
(p.ex, rifampicina) pode resultar em reducao significativa dos niveis plasmaticos de pirfenidona. Esses medicamentos devem ser evitados sempre que possivel. O tabagismo tem o
potencial para induzir a produgao de enzimas hepdticas e por isso aumenta a depuragao e reduz a exposigao ao EGURINEL®. O uso concomitante de indutores potentes de CYPIA2,
incluindo o fumo, deve ser evitado durante a terapia com ECURINEL®

Egurinel® é um medicamento. Durante seu uso, nao dirija veiculos ou opere

maquinas, pois sua agilidade e atencao podem estar prejudicadas. ANbs

[ SE PERSISTIREM OS SINTOMAS, O MEDICO DEVERA SER CONSULTADO. | ZODIAC

Zodisc Produtos armcéuticos




