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Abstract

Background: The novel coronavirus pandemic is an international public health emergency
due to the high contagious potential of the virus on a global scale and, similarly to what
happened globally, Brazilian authorities took measures to reduce its impact on the healthcare
system, including social distancing. In this context of exhaustion of the system, it is worth
questioning the situation of patients who need medical care for other diseases, such as the
cardiovascular ones.

Objectives: Describe the changes in the epidemiological profile of hospitalizations
cardiovascular diseases during the COVID-19 pandemic in Brazil.

Methods: Assessment of relative variations on the number of hospitalizations, associated
average time, mortality rate and financial investments.

Results: After the beginning of the pandemic, there was reduction of 21.46% in
hospitalizations, more accentuated in females and in the Northern region, and increase
of 14.14% in mortality, of greater significance in the Midwestern region. In younger ages,
mortality and permanence time presented more accentuated positive variations. In elective
admissions, growth in mortality and in hospital expenses were more significant.

Conclusion: The pandemic impacted on cardiovascular diseases in a multifactorial
way. The number of hospitalizations decreased, and the mortality rate increased, as efforts
concentrated on moderate and severe cases. Therefore, there is a need for policies that
minimize mid- and long-term impacts, as well as studies that investigate possible late
complications of infections by the novel coronavirus.

Introduction

Recognized on March 11" 2020 by the World Health Organization
(WHO), the COVID-19 (Coronavirus Disease 2019) pandemic is an
international public health emergency due to the high contagious potential
of the virus on a global scale. Initially identified in China at the end of 2019,
where infected people had a clinical picture similar to a potentially lethal
pneumonia, other countries began to record infections with the virus from
January 2020. Brazil officially registered its first case on February 26t
2020 [1,2].

Despite having a lower mortality rate than other coronaviruses, the
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high transmissibility of COVID-19 poses a threat
of collapsing the functioning of public healthcare
systems in several countries due to its high demand
for urgent treatment of complications. According
to WHO data, on July 24%, 2020, the COVID-19
pandemic summed up 15,296,926 confirmed cases
in 216 countries and 585,727 deaths. In Brazil, on the
same date, there were 2,347,238 cases and 85,259
deaths [3]. As the same happened around the world,
Brazil also took measures to reduce the impact on the
healthcare system, including social distancing [2,4].

In the context of an exhausted healthcare system,
social distancing and fear, it is worth questioning
the situation of patients who need medical care for
other diseases. Among them, cardiovascular diseases
stand out, which in 2019 were responsible for 98,293
deaths and generated a cost of R$3,097,015,094.33
(approximately USS 772,361,487.94) to SUS (Unified
Healthcare System, in Portuguese), the Brazilian
public healthcare system [5].

Additionally, considering Brazil’s status as a
middle income country, the epidemiological profiles
and prognostic expectations for cardiovascular
illnesses present in significantly different profiles,
which differ greatly from the scenario in high
income countries [6]. Thus, changes in the pattern
of statistical variation related to the treatment of
patients with cardiovascular diseases can show
how the pandemic context influences the way these
patients seek and obtain healthcare, modifying, for
example, the mortality rate, the amount and the
average time of hospitalizations [5,7]. Moreover,
such variations should be a warning for healthcare
authorities to seek ways to avoid struggles in carrying
out such care: Either by preventing that, when
experiencing symptoms of these diseases, patients
be afraid to seek care due to the risk of contamination
by COVID-19 in healthcare facilities; or by preventing
the collapse of the system from affecting the care
of these patients. Therefore, this paper aims to
describe the changes in the epidemiological profile of
hospitalizations cardiovascular diseases during the
COVID-19 pandemic in Brazil.

Materials and Methods
Study design

This study is epidemiological, descriptive and
quantitative.
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Data sources

We used secondary data referring to
hospitalizations registered in Brazil, between the
years 2018 and 2021, considering diseases of the
circulatory system, as indicated in the Hospital
Information System of the Unified Health System
(SIH/SUS), which is available at the electronic address
of the Department of Informatics of SUS (DATASUS)
(8].

We analyzed diseases described in the Chapter
IX of the International Statistical Classification
of Diseases and Related Health Problems (ICD-
10) [9], composed of chronic and acute rheumatic
diseases, ischemic heart diseases, hypertensive and
cerebrovascular diseases, diseases of the arteries,
arterioles, capillaries, veins, vessels and lymph nodes,
diseases of the pulmonary circulation and other
diseases of the cardiovascular system. We included in
the study all cases of hospitalizations for pathologies
of the circulatory system in the country’s territory
during the specified time period and excluded cases
with missing information or whose care was given in
foreign territories.

Statistical analysis

We evaluated the relative variations in the
number of hospitalizations, associated mean time
and mortality rate according to the profile of cases
present in the aforementioned system, comparing
the periods from January 2018 to December 2019 and
January 2020 and December 2021. We based the design
of this profile on the year and month of registration,
state and region of all hospitalizations, regarding
both the temporal and spatial distribution of cases
in the national territory. Additionally, we used the
demographic profile as distinctive parameters,
analyzing data according to the hospitalizations form
for gender (male or female), age (in years), and race/
color (white, black, yellow, brown and indigenous,
which are the most usual terms in Brazil, considering
the country's wide mixed race context, which makes
racial categorization such as European, African,
Native American or Asian usually difficult to define).

Data collection took place through DATASUS File
Transfer System and its organization and tabulation
took place with the help of RStudio and Microsoft
Office Excel software. In the first tool, we also carried
out statistical analyzes, having calculated measures
of dispersion, central tendency, and frequency for
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the study variables. In order to validate possible
differences in these indicators, we performed
Student's T tests for independent samples and Mann-
Whitney U tests in cases in which the assumptions
for parametric tests were not met. More specifically,
in the calculations of case incidence, we considered
prevalence ratios per 100,000 inhabitants, based on
population estimates from the Brazilian demographic
censuses from 2007 to 2019. The alpha level used for
establishing statistical significance is 0.05.

Ethical considerations

Due to the use of secondary data of public nature
and without nominal identification of the subjects,
this study does not need the appreciation of the
Research Ethics Committee, in accordance with what
the resolution of the Brazilian National Health Council
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number 466, of December 12, 2012 [10], establishes,
which regulates the guidelines for research involving
human beings.

Results

The average monthly hospitalizations recorded
for the years 2020 and 2021 was 77,948 (+4.944),
which is lower than the average of 97,336 (£2.134)
recorded for the years 2018 and 2019. The average
reduction observed per federation unit for the first
and second semesters of those periods was 18.54%
(£7.55) and 21.22% (+8.36), respectively, and 19.92%
(+7.98) when considering the full period. With regard
to the mortality rate, there was an upward trend in the
values for 2020 and 2021 when compared to previous
years. The monthly averages for these rates increased
from 8.27% (+0.49) t0 9.88% (+1.38).
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Figure 1 Hospitalizations, mortality rate and average length of stay due to circulatory system diseases in Brazil, according to year and month
of occurrence, reported in the SUS Hospital Morbidity Information System.
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Regarding the average length of stay, there was
relative stability in the years analyzed, with no
statistical differences between the values for the
periods from 2018 to 2019 and 2020 to 2021 (p =
0.6322). The number of hospitalizations, average
times and mortality rates according to month and
year of occurrence are in figure 1.

It was possible to notice the same trends in the
national scenario, of decrease in the number of
hospitalizations and increase in mortality in each of
the macro-regions of the country, as shown in figure
2.

Regarding the distribution by sex, there was amore
accentuated reduction in hospitalizations of females,
20.22% (+8.06), when compared to males, 12.64%
(5 .52). We observed no significant differences in
the mean length of hospital stay and mortality rate.
Considering the distribution of cases by age group,
there was a smaller reduction in the number of
hospitalizations with advancing age (p = 0.0209). For
mortality rates and length of stay, we observed more
substantial positive variations in individuals aged
between 20 and 39 years (Figure 3). In addition, there
was reduction in hospitalization in all age groups
among children, with a greater reduction in the age
group from 1 to 4 years, 31%. Regarding the mortality
rate, there was general increase, with the highest one
observed in the 10-14 age group, 21.6%. The average
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length of stay remained relatively unchanged, with
a minimum decrease of 2.5% from 10 to 14 years.
Moreover, there was no significant variation in the
mean age of hospitalized individuals, which was
62.65 (+ 5.24) years.

As for the analysis by ethnicity, the variations in
the mortality rate, average length of stay and number
of hospitalizations are in figure 4. It is important to
note that the variations in the mortality rate for the
indigenous population were not statistically different
from zero (p = 0.5231).

When we stratified the occurrences according to
the type of cardiovascular disease, we noticed that,
despite the generally observed trend of reduction
in the number of cases, there was increase in
hospitalizations for pulmonary embolism (p =
0.0214) and acute myocardial infarction (p = 0.0021).
In figure 5 it is possible to observe in greater detail
the study variables’ behavior according to the type of
cardiovascular involvement.

The evaluation of the type of care provided
indicated a more significant increase in the mortality
rate, 49.51% (+3.08), and length of stay, 21.21%
(£2.34), in cases of elective hospitalizations. As for
the monthly averages of hospitalizations referring
to elective cases, there was a reduction of 37.36%
(£3.90). For urgent cases, these values became 12.50%

(£7.03), 4.29 (£2.05) and 11.51 (£5.09).
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Figure 2 Hospitalizations, mortality rate and average length of stay due to circulatory system diseases in Brazil, according to the region of

occurrence, reported in the SUS Hospital Morbidity Information System.

Gilberto Henrique NLL, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1811



LiT‘sé"reé ture JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issn:| 2766-2276

80> —
70 to 79 —
60 to 69 —
50 to 59 —
S 40t049 b —
£ 30t039 WS E— i
g 20to029 e —
< 15t019 (U
10 to 14 —
5t09 - e —
lto4 F—
>1 [P
-0.4 -0.2 0 0.2 0.4 0.6
Variation(%)
B Mortality rate Average length of stay ™ Hospitalizations

Figure 3 Variations in mortality rate, average time and number of hospitalizations due to circulatory system diseases in Brazil, according to age
group, reported in the SUS Hospital Morbidity Information System.
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Figure 4 Hospitalizations, mortality rate and average length of stay due to circulatory system diseases in Brazil, according to ethnicity, reported
in the SUS Hospital Morbidity Information System.
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Figure 5 Hospitalizations, mortality rate and average length of stay due to circulatory system diseases in Brazil, according to the type of
involvement, reported in the US Hospital Morbidity Information System.
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Discussion

Theaveragereductionobservedforhospitalizations
in the country was 19.92% (+7.98). The evaluation
of data from the entire Brazilian territory shows
important changes in the pattern of hospitalizations
during the pandemic period, similar to those observed
in other countries [11,12]. There was a significant
reduction in the number of total hospitalizations,
with a greater reduction in the number of admissions
for female patients. Furthermore, despite the relative
stability of the length of stay and the average age
of the hospitalized subjects, there was a worrying
increase in mortality among the youngest and the
hospitalized patients for elective procedures.

Upon analyzing the decrease in the quantity of
hospitalizations, the periods with its most expressive
numberscoincided with themost serious periods of the
pandemic in Brazil among the analyzed months [13].
Thus, it is necessary to highlight the multifactorial
impact of the pandemic, both onindividualsand on the
entire healthcare system. The challenges arising from
the reallocation of resources to mitigate the burden
on the healthcare services [14], such as the reduction
or suspension of elective surgeries [15], associated
with patients' aversion to seeking hospital services
for acute cardiovascular conditions [12,16], led to a
scenario in which the profile of care was condensed
into moderate to severe cases, which may explain the
variations in the profiles of the variables studied here.
It is also worth mentioning that telemedicine had
a prominent place, spreading exponentially across
the country, by enabling the management of chronic
diseases and mild cases of COVID-19 remotely, thus
reducing the number of face-to-face consultations.
However, it should be noted that Brazil is a country
withimportantbarrierstoits complete dissemination,
since access to the internet and online consultation
platforms is difficult when analyzing the less favored
portions of the Brazilian population [17].

Considering the national data, one should, above
all, take into account the medium- and long-term
consequences of such a situation regarding the profile
and severity of cases of cardiovascular diseases [12,16].
One remarkable finding is the data regarding Acute
Rheumatic Fever Cardiac Disease cases, which showed
both the largest increase in relative mortality rate and
the largest decrease in hospitalizations. Considering
the disease profile, which presents a significant
correlation between low socioeconomic status and its
incidence and severity [6], the data implicates a high
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impact of the worsening healthcare conditions during
the pandemic period on the prevention, diagnosis
and treatment of those conditions. Considering the
magnitude of the observed effect, further studies on
the epidemiological profile of Acute Rheumatic Fever
and the application of additional strategies to cope
with the worsening outcomes are deemed necessary
and highly recommended by the authors.

In addition, we observe that the only diseases that
had an increase in the number of hospitalizations
were Acute Myocardial Infarction (AMI) and
pulmonary embolism. Furthermore, SARS-CoV-2
virus has a pathophysiology intrinsically linked to
coagulation disorders, correlated with the severity of
the cases [18], and mechanisms of the inflammatory
response during hypercytokinemia are associated
with the activation of the coagulation cascade [19,20].
Moreover, COVID-19 is an independent risk factor for
ischemic stroke [21] with a strong correlation with
vascular occlusions of large vessels in young people
[22], acute myocardial injuries and arrhythmias [23].

Furthermore, previous reports show that more
than a quarter of the critically ill patients have
some kind of cardiovascular disease with strong
correlations between cardiovascular diseases and
increased fatality rates among hospitalized covid-
positive patients [24]. We believe that future
studies will be able to analyze the specific impact of
congenital heart diseases on the complication rates of
COVID-19 within the Brazilian population, as studies
with other populations have shown that this seems
to have exerted an impact on covid-19 complication
rates [25].

Despite that, the analysis of the number
of hospitalizations per disease is subject to
underreporting bias, not allowing us to infer whether
the incidence of other diseases has decreased.
Additionally, severe cases of COVID-19 are associated
with chronic non-transmissible diseases such as
diabetes [25,26] hypertension [25] and common
medications used to treat cardiovascular conditions
[27], which further impacts the reliability of
inferring a correlation from the data alone. However,
although the societal and organizational effects of
the pandemic response add significant noise to the
hospitalization data relative to the pre-pandemic
data, the high correlation between cardiac conditions
and cardiac risk factors in severe COVID-19 cases
[24,28] indicates a relevant impact of such factors in
the prognosis of COVID-19 infections. Therefore, the

Gilberto Henrique NLL, et al. (2023) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1811
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direct relations between COVID-19 and the variations
of the number of hospitalizations per disease should
be reviewed taking into account not only the statistical
data and pathophysiology of both diseases, but also
the behavioral patterns for treatment seeking and
the distortions in the availability of medical service
during the pandemic.

Regarding the different regions, we observe a
general decrease in hospitalizations and increase
in mortality in all regions, however with a mixed
picture regarding the average length of stay. The data
indicates a change in the pattern of hospitalizations
and deaths as, from 1980 to 2017 [29,30] there was
a statistical trend of reduction of general mortality
and increase of cardiovascular hospitalizations.
Additionally, it is worth noting the situation of
the South macroregion, which was the only region
to show an increase in the average length of stay.
Furthermore, there is a heterogeneous distribution
of data among the different regions [29-31] and, as
the economic and socio-demographic conditions
of a region are correlated to the incidence of cases
of previous heart diseases and other chronic non-
transmissible diseases [30] which impact the severe
complications of COVID-19 infection, those variations
could be reasonably expected.

However, it is necessary to highlight the biases
of underreporting and limited coverage in the North
and Northeast regions [31]. We specially emphasize
the need for a careful examination of the information
related to the North region, whose lower availability
of doctors, hospital beds, and more limited healthcare
system coverage during the pandemic [32], associated
with the regional profile for cardiovascular diseases,
are impactful factors that differentiate the region
among the others.

Regarding the ethnic distribution, there was no
statistically significant variation on the mortality rate
of the indigenous population, which may be due to the
small number of indigenous individuals hospitalized
during the period (n = 750). Moreover, 29% of the
country's indigenous population live in the North
region and, in this region, the group is predominantly
rural with about 78% of them living in non-urban
areas [33]. Furthermore, this relative isolation
from densely populated centers may correspond to
a protective factor for the group, especially if one
considers the role of COVID-19 as an aggravating
factor for heart conditions.

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

Considering data from PNAD (National Household
Sample Survey, in Portuguese) 2003, the incidence of
heart disease in women corresponds to about 60%
of the total [33]. Thus, having the most significant
reduction in the number of hospitalizations been
observed in the female population may indicate a
lower severity of the symptoms despite the higher
prevalence. Those findings are compatible with
previous studies showing that men with COVID-19
infection have >50% higher risk of all-cause death,
severe COVID-19 infection, or ICU admission than
women, even adjusting for age and comorbidities
[34]. There is a multitude of possible physiological
mechanisms thought to underpin the discrepancy in
outcomes, ranging from higher predisposition of older
and low-testosterone men to develop severe forms of
the infection [35] to the anti-inflammatory effects of
the hormonal changes which occur during the female
reproductive cycle and pregnancy [36], which are
believed to attenuate the cytokine response and in
turn reduce the severity of deleterious inflammatory
effects in target tissues. However, further studies are
needed before any conclusive statement can be made
about causal relations between physiology and the
disparity in prognosis.

Regarding age, the data shows that older
individuals remained as the predominant age group
affected since the start of the pandemic. It is worth
noting the aging trend of the Brazilian population, as
between the years 2010 and 2015 the population aged
65 or older increased by 22% [37]. According to data
from PNAD 2003, occurrences of heart disease among
the elderly are more substantial [33] and, due to the
severity of the cases and associated comorbidities
which are more frequent in this group [37], one
can justify the lower variations in the numbers of
hospitalizations in this age group. We observed a
similar pattern in the children's age groups, since
there was an overall reduction in hospitalizations of
children, but with significant increase in mortality
in the age groups from 1 to 4 years old and from 10
to 14 years old. The reduction in hospitalization rates
could be seen as a sign that the COVID-19 infection
has less repercussions in children, as seen in previous
reports [38]. Nevertheless, the increase in mortality
evidenced in the aforementioned age groups makes
additional studies necessary.

Assessments of costs related to heart diseases in
the country for the period from 2010 to 2015 indicated
that 0.7% of the national GDP was allocated for this
purpose, a very significant value as it represents
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9.5% of all the healthcare expenditure of the country
[35]. Considering the aging trend described for the
Brazilian population and the predominance of such
diseases in the elderly, this figure may increase in the
upcoming years [35].

Nevertheless, the effects of the pandemic response
measures on the population’s health should not
be ignored - both due to deleterious effects on the
individuals’ mental health [4] and due to changes
in diet and physical activity habits [39]. Quarantine
and social distancing present major challenges to the
analysis of population health habits, in part due to a
poor quality of information regarding factors such as
physical activity at home, a point neglected in pre-
existing guidelines [39]. Overall, increases in chronic
conditions with negative impact on vascular health,
such as stress and obesity, are likely to happen [39],
and we should consider such factors when analyzing
epidemiological data.

Conclusion

Itis possible to observe that in the pandemic period
the number of hospitalizations for cardiovascular
diseases in Brazil decreased substantially, mainly
in the second semester, whereas the mortality rate
increased as the healthcare was concentrated in
moderate and severe cases. With the exception of
hospitalizations for AMI and pulmonary embolism,
whichincreased,allhospitalizationsforcardiovascular
diseases decreased. The South region of the country
had the greatest decrease in hospitalizations and the
greatest increase in mortality. Regarding ethnicities,
we observed no sole increase in the mortality of
indigenous people. There was a more important
increase in the mortality rate and length of elective
hospitalizations. Thus, we highlight the need for the
responses to public health measures aimed at the
prevention and treatment of cardiovascular diseases
to be guided by the particularities of each region, so
that resources can be reallocated effectively.
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