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Abstract: Since the onset of the coronavirus disease
2019 (COVID-19) pandemic in Brazil, several gov-
ernment policies have been taken. Herein, we aimed
to assess the impact of the COVID-19 pandemic on
hospital admissions and in-hospital lethality for car-
diovascular diseases (CVD) in Brazil in 2020. An
known competing financial interests or personal
work reported in this paper.
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ecological and time-series study on hospitalizations
and deaths from CVD in Brazil was conducted from
January 2018 to December 2020.The hospital admis-
sion rate for CVD reduced by 17.1%, with a signifi-
cant decreasing trend between January and May
2020 (Annual Percent Change: -8,7%; P-value <

0.001). The in-hospital lethality rate increased from
8.2% in 2018 to 9.3% in 2020. During this period,
Brazil totaled 21.8 million days of hospital stay. Indi-
cators of hospital admissions and lethality from CVD
in Brazil were impacted by the emergence of the
COVID-19 pandemic in different ways in the regions
and depending on the nature of the indicator. (Curr
Probl Cardiol 2022;00:101216.)
Introduction

T
he newcoronavirus (SevereAcuteRespiratorySyndromeCorona-

virus2-SARS-CoV-2)ispartofasetofvirusesintheCoronaviridae

family.1Viruses from this family havebeenpreviously observed in

other smaller outbreaks, such as SARS-CoV-1 andMERS-CoV (Mediterra-

neanAcuteRespiratory SyndromeCoronavirus) reported in 2002 and 2012,

inChinaandtheMiddleEast, respectively.InDecember2019,anoutbreakof

rapidly progressing pneumonia was identified in Wuhan, capital of Hubei

province,China.OnJanuary7,2020,Chinaattributed theoutbreak toSARS-

CoV-2and thediseasewasnamedCoronavirusDisease2019 (COVID-19).1

Theoutbreakcausedby thenewcoronaviruswasdeclared apandemicby the

World Health Organization (WHO) onMarch 11, 2020 and, since then, the

disease has brought extraordinary challenges to health authorities and gov-

ernmentsinseveralcountriesworldwide.2

In Brazil, the first case of COVID-19 was confirmed on February 26

and the first death on March 17.3 The national community transmission

was recognized on March 20, 2020 by the Brazilian Ministry of Health.4

The first case was confirmed in the city of S~ao Paulo in a patient from

Italy, but the disease rapidly spread to the large metropolises of other

regions until it reached smaller and more distant cities.5�7 Despite all

WHO recommendations, and the enactment of Law No. 13.979/2020 on

February 7, 2020 (which provides for measures to combat COVID-19 in

the country), restrictive measures for the movement of people, such as

banning events with agglomeration in several states and closing all non-

essential commerce were only implemented in late March.8 As a result,
Curr Probl Cardiol, 00 2022
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in July 2020 the first wave of the pandemic was observed in the country,

with a daily average of 70 thousand new cases of COVID-19. To date,

Brazil ranks second in the world in number of deaths by COVID-19.9

Remarkable, the COVID-19 pandemic has been causing significant

impactsonpublichealthand theglobaleconomy.Furthermore, themeasures

to restrict themobilityof people and the redirectionofhealth services tofight

thetransmissionofthevirushavealsoaffectedthecontrolofseveralotherdis-

eases such as cancer, dementia, and high blood pressure.10�12 Additionally,

this impact occurs directly, in patients with any comorbidity, especially

chronic diseases; and indirectly, by changing the behavior of the population,

suchasfearofcontagionandreduceddemandforhealthservices.11,13

Importantly, the implementation of collective measures of social dis-

tancing to contain COVID-19 resulted in changes in the routine of serv-

ices. As a result, this promoted the rescheduling of elective procedures

and the redistribution of hospital flow to transform face-to-face hospital

care into distance care (tele-health) in several clinical situations.14 To

illustrate this impact, in an oncology center in S~ao Paulo, there was a

reduction of 45% in the number of patients treated and 57.4% in the num-

ber of patients undergoing systemic intravenous treatment.10

Clinically, there is an important relationship between COVID-19 and

cardiovascular diseases (CVD), such as: i. the impact of CVD on the

worsening of COVID-19, which is an relevant set of predictors of sever-

ity and mortality;15 ii. the damage caused by SARS-CoV-2 in the car-

diovascular system (CS) of people without underlying disease due to

pathophysiological mechanisms of virus infection;16 and iii. the worsen-

ing of CVD in individuals without COVID-19, but as a result of non-

pharmacological preventive measures to reduce the circulation of the

virus, such as hospital evasion of patients, delaying the care of episodes

of exacerbation of these chronic conditions or making early diagnosis

difficult.11,16 Herein, we aimed to assess the impact of the COVID-19

pandemic on hospital admissions and in-hospital lethality for CVD in

Brazil during the first year of the pandemic.
Methods
Study Design, Area, Population, And Period
An ecological and time-series study was conducted on hospitalizations

and deaths from CVD in Brazil and its regions from January 2018 to

December 2020. Data on CVD for the years 2018 and 2019 were used as
Curr Probl Cardiol, 00 2022 3
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the period before the COVID-19 pandemic and were compared with data

for 2020.
Study Variables and Data Collection
Herein, the following variables were assessed: i. hospital admissions

rate for CVD (Chapter IX of the ICD-10) per month (from January 2018

to December 2020); ii. in-hospital lethality rate due to CVD per month

(from January 2018 to December 2020); iii. total cost applied (in Brazil-

ian reais - R$) and average cost (R$) of hospitalizations for CVD; iv.

days of hospital stay and average time of stay (in days) for CVD; v. new

COVID-19 cases registered per month.

To calculate the rates, the following equations were applied:

i hospital admissions rate for CVD

Hospital admissions rate

¼ Number of admissions by location and period
Total resident population by location and period

x100
ii in-hospital lethality rate due to CVD

In� hospital lethality rate

¼ Number of in� hospital deaths by place and period
Total admissions by location and period

x100
Data on hospitalizations and deaths due to CVD were extracted from

the Hospital Information System (SIH) of the Brazilian Unified Health

System (SUS) (http://www2.datasus.gov.br/DATASUS/index.php?

area=0203&id=6926). The SIH is a nationwide information system, cre-

ated in 1991, for the registration of medical and hospital assistance within

the SUS based on Hospital Admission Authorizations (AIH) and man-

aged by the Brazilian Ministry of Health (BRASIL, 2004). The main pur-

pose of this system is to generate information on hospitalizations and

deaths that can be used in decision-making and public management in

Brazil (BRASIL, 2004; ROCHA et al., 2018). Importantly, these data

were collected according to the year and month of hospitalization.

COVID-19 data were extracted from the consolidated data of the Bra-

zilian Ministry of Health and the State Health Departments by the cov-

id19br platform (ttps://covid19br.wcota.me/). Finally, population data
4 Curr Probl Cardiol, 00 2022
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were obtained from the Brazilian Institute of Geography and Statistics

(IBGE).
Statistical Treatment of Data
The statistical analysis of the data took place in 3 steps:

A) Descriptive analysis of epidemiological indicators: at this stage, the

indicators were described in a monthly time series between January

2018 and December 2020. We also included the year 2018 in order

to verify the possible existence of variations in the indicators in

2019. Random variations in 2019, for example, could compromise

the assessment of the impact of the pandemic on the assessed epide-

miological indicators.

B) Percentage variation analysis: since no random variations were

observed in the indicators for the years 2018 and 2019, the percent-

age variation in the period was calculated, considering each month

of the year 2020 in relation to the same month of 2019. Positive pro-

portional variations indicate an increase in the indicator and negative

proportional variations indicate a reduction in the value.

C) Time series analysis: Finally, the 2020 data were subjected to tem-

poral trend analysis by the inflection point regression model (join-

point regression model). This model tests whether a line with

multiple segments is statistically better at describing the time evo-

lution of a dataset than a straight line or a line with fewer seg-

ments.17 In this sense, the model allows identifying the trend of the

indicator (if stationary, increasing, or decreasing) and the points

where there is a change in this trend (joins). For that, we calculated

the annual percentage changes (APC), for segmented periods, and

the average annual percentage changes (AAPC), for the entire

period. Time trends were considered statistically significant when

APC or AAPC had a P-value < 0.05 and their CI 95% did not

include the zero. Importantly, a positive and significant APC or

AAPC indicates an increasing trend; on the other hand, a negative

and significant APC or AAPC indicates a decreasing trend; and

non-significant trends are described stable, regardless of APC or

AAPC values. The analyses were performed in the software Join-

point Regression Program version 4.5.0.1 (National Cancer Insti-

tute- USA).
Curr Probl Cardiol, 00 2022 5
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Ethical Aspects
This study used data from the public domain, which does not allow the

identification of the subjects. For this reason, the appreciation of the

Research Ethics Committee was waived.
Results
Hospital Admissions Rate For CVD
A total of 3.3 million hospitalizations for CVD were recorded in Brazil

between 2018 and 2020. The average annual rate was 55.2 in 2018, 56.1

in 2019, and 46.5/10,000 inhabitants in 2020 (reduction of 17.1% com-

pared to 2019). In March 2020, there was a decline of 4.1% in the hospi-

talization rate, as observed in all subsequent months, especially in July

and August (both with a drop of 25.3%) (Fig 1A).
During the study period, the South region showed the highest hospitali-

zation rates (86.1 in 2018, 87.1 in 2019 and 71/10,000 in 2020). Mean-

while, the lowest rates were observed in the North region (9.8 in 2018,

28.7 in 2019 and 22.8/10,000 in 2020). In addition, the North showed the

greatest reduction in the rate between 2019 and 2020 (-20.2%) and the

greatest instability among the regions of the country (Fig 1G). The high-

est reductions in hospital admissions occurred at different times between

regions in 2020: North (-48.9% in December), Northeast (-30.9% in

August), Midwest (-27.9% in August), South (-26.6% in July), and South-

east (-26.4% in May) (Fig 1B-F).
A decreasing temporal trend was observed in the hospital admissions

rate for CVD in Brazil between January and May 2020 (APC: -8.7; P-

value < 0.001). This same trend was observed in the Northeast (APC:

-10.2; P-value < 0.001), Southeast (APC: -8.3; P-value < 0.001), and

South regions (APC: -8.9; P-value < 0.001). The North (AAPC: -4.2; P-

value < 0.001) and Central-West regions (AAPC: -2.4; P-value < 0.001)

showed a decreasing trend throughout all the months of 2020 (Table 1).
In-Hospital Lethality Rate Due To CVD
The in-hospital lethality rate for CVD in Brazil was 8.2% in 2018,

8.3% in 2019, and 9.3% in 2020 (12.5% increase compared to 2019). Dif-

ferently from what was observed in the hospitalization rate, the in-hospi-

tal lethality rate in Brazil showed an increase of 21.3% in April 2020,

with a peak in May (25%) and with percentages above 12% in all other

months of the year (Fig 2A).
6 Curr Probl Cardiol, 00 2022



FIG 1. Temporal evolution of hospital admission rates (10 thousand inhabitants) and in-hospital
mortality (100 admissions) for CVD in Brazil and regions, before and after confirmation of the
COVID-19 pandemic (Color version of figure is available online.)
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Among this period, the North region had the highest lethality rates in

2018 and 2019 (9.2% and 9.8%, respectively). In 2020, the highest rate

was identified in the Central-west region (10.7%). On the other hand, the

South region showed the lowest rates (6.4% in 2018, 6.5% in 2019, and

7.63% in 2020) (Fig 2B-F). Additionally, the North region showed the

biggest increase in the lethality rate (+31.45%) between the months of
Curr Probl Cardiol, 00 2022 7



Table 1. Temporal analysis (joinpoint regression model) of the hospitalization rate (10 thousand
inhabitants), for cardiovascular diseases in Brazil and regions between January and December
2020

Region Period APC/AAPC (P-value) Trend Joinpoint regression model

North Jan/20 - Dec/20 -4.2 (<0.001) * #

Northeast Jan/20 �May/20 -10.2 (<0.001) * #
May/20 � Oct/20 4.8 (0.1) $
Oct/20 � Dec/20 -5.6 (0.5) $
Jan/20 � Dec/20 -2.8 (0.1) $

Southeast Jan/20 �Mai/20 -8.3 (<0.001) * #
May/20 � Oct/20 4.7(<0.001) * "
Oct/20 � Dec/20 -5.4 (0.5) $
Jan/20 � Dec/20 -2.0 (0.2) $

South Jan/20 �Mai/20 -8.9 (<0.001) * #
May/20 � Oct/20 3.6 (0.3) $
Oct/20 � Dec/20 -7.0 (0.6) $
Jan/20 � Dec/20 -3.0 (0.3) $

Central-West Jan/20 � Jul/20 -3.5 (<0.001) * #
Jul/20 � Dec/20 -1.0 (0.2) $
Jan/20 � Dec/20 -2.4 (<0.001) * #

Brazil Jan/20 �May/20 -8.7 (<0.001) * #
May/20 � Oct/20 3.8 (0.1) $
Oct/20 � Dec/20 -5.6 (0.6) $
Jan/20 � Dec/20 -2.6 (0.2) $

Legend: APC, annual percentage change; AAPC, average annual percentage change $Stable;
#Decreasing; "Increasing. *Statistical significance.

ARTICLE IN PRESS
February and June 2020, followed by the Northeast region, with a peak of

lethality in May (+11.76%) (Fig 2G).

Importantly, we observed an increasing trend in the lethality rate in

Brazil between January and June 2020 (APC: 6.0; P-value < 0.001), with

a subsequent reduction between June and December (APC: -2.9; P-value

< 0.001). Likewise, similar trends (P-value < 0.001) were observed in

these months (January/June and July/December) in the Northeast (APC:

7.9 and APC: -2.8), Southeast (APC: 6.3 and APC: -3.0) and Central-

West regions (APC: 2.9 and APC: -6.9. Interestingly, the North (APC:
8 Curr Probl Cardiol, 00 2022



FIG 2. Temporal evolution of in-hospital lethality rate (100 admission), for CVD in Brazil and
regions, before and after confirmation of the COVID-19 pandemic (Color version of figure is
available online.)
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6.3; P-value < 0.001) and South regions (APC: 5.9; P-value < 0.001)

showed an increasing trend during the first half of 2020 (Table 2).
Total Cost (in Brazilian Real - R$) And Average Cost (R$) of
Hospitalizations for CVD

During the study period, R$8.8 billion were spent on hospitalizations

for CVD throughout Brazil, with an average cost of R$2.6 thousand per
Curr Probl Cardiol, 00 2022 9



Table 2. Time series analysis (joinpoint regression model) of the in-hospital lethality rate (%) due
to diseases of circulatory system in Brazil and regions between January and December 2020

Region Period APC/AAPC (P-value) Trend Joinpoint regression model

North Jan/20 � June/20 6.3(<0.001) * "
June/20 � Sept/20 -8.0 (0.2) $
Sept/20 � Dec/20 3.3 (0.2) $
Jan/20 � Dec/20 1.4 (0.3) $

Northeast Jan/20 �May/20 7.9 (<0.001) * "
May/20 � Dec/20 -2.8 (<0.001) * #
Jan/20 � Dez/20 0.9 (0.3) $

Southeast Jan/20 � June/20 6.3 (<0.001) * "
June/20 � Dec/20 -3.0 (<0.001) * #
Jan/20 � Dec/20 1.1 (0.2) $

South Jan/20 � Jul/20 5.9 (<0.001) * "
Jul/20 � Dec/20 -3.2 (0.1) $
Jan/20 � Dec/20 1.7 (0.1) $

Central-West Jan/20 � Sept/20 2.9 (<0.001) * "
Spet/20 � Dec/20 -6.9 (<0.001) * #
Jan/20 �Dez/20 0.2 (0.8) $

Brazil Jan/20 � June/20 6.0 (<0.001) * "
June/20 � Dec/20 -2.9 (<0.001) * #
Jan/20 � Dec/20 1.1 (0.3) $

Legend: APC: annual percentage change; AAPC: average annual percentage change $Stable;
#Decreasing; "Increasing. *Statistical significance.

ARTICLE IN PRESS
each hospitalization. The highest cost was observed in 2019 (R$3.1 bil-

lion) and the lowest in 2020 (total cost of R$2.8 billion� a reduction of

10.3%). In addition, there was reduction in total cost from April (-15.8%)

to December 2020 (Fig 3A). Conversely, the average cost of each hospi-

talization ranges from R$2.6 to R$2.8 thousand reais (an increase of

7.4%). Moreover, there was increase in every month of 2020, mainly in

March (+5.4%), August (+11.5%), and December (+13.3%) (Fig 4A).
As expected, the highest hospitalization costs were identified in the

Southeast region (annual average of R$1.3 billion) and the lowest in the

North (annual average of R$93.9 million). The South region showed

the greatest reduction in costs (-14%) (Fig 3B-F). Interestingly, all

regions showed an increase in the average cost of admissions, being

higher in the South (annual average of R$3.1 thousand per admission)

and lower in the North (annual average of R$1.9 thousand). Furthermore,

the North region was the one with the greatest instability in the average

cost throughout 2020, with the lowest percentage in January (-4%) and

the highest in December (24.8%) (Fig 4G).
10 Curr Probl Cardiol, 00 2022



FIG 3. Temporal evolution of total cost of hospital admission for CVD in Brazil and regions, before
and after confirmation of the COVID-19 pandemic (Color version of figure is available online.)
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Time trend analysis showed a stationary trend of the total cost of hospi-

talizations for CVD in Brazil throughout 2020 (APC: -1.0%). On the other

hand, the national average cost per hospitalization showed an increasing

trend (AAPC: 1.2%; P-value < 0.001). Among the regions, the North was

the only one with a decreasing trend in 2020 (APC: -3.3; P-value <

0.001). In the Northeast and Southeast regions, there was a reduction

between January and May 2020 (APC: -8.0 and -5.9, respectively; P-value

< 0.001), followed by an increasing from May to December (APC: 4.3

and 2.7, respectively; P-value< 0.001) (Table 3 and 4).
Curr Probl Cardiol, 00 2022 11



FIG. 4. Evolution temporal of the average cost of hospital admission for CVD in Brazil and regions,
before and after confirmation of the COVID-19 pandemic (Color version of figure is available online.)
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Length Of Stay and Average Hospital Stay (In Days) For
CVD

There was a total of 21.8 million days of hospitalization for CVD in

Brazil (annual average of 7.3 million) between 2018 and 2020. During

this period, the average length of stay was 6.5 days. In 2020, there was a

reduction of 17.1% in the total period of hospitalizations and a reduction

of 1.5% in the average length of stay. With the onset of the pandemic,
12 Curr Probl Cardiol, 00 2022



Table 3. Temporal analysis (joinpoint regression model) of the total cost per hospital stay for car-
diovascular diseases in Brazil and regions between January and December 2020.

Region Period APC/AAPC (P value) Trend Joinpoint regression model

North Jan/20 � Dec/20 -3.3 (<0.001) * #

Northeast Jan/20 �May/20 -8.0 (<0.001) * #
May/20 � Dec/20 4.3 (<0.001) * "
Jan/20 � Dec/20 -0.3 (0.8) $

Southeast Jan/20 �May/20 -5.9 (<0.001) * #
May/20 � Dec/20 2.7 (<0.001) * "
Jan/20 � Dec/20 -0.6 (0.5) $

South Jan/20 � Dec/20 -1.6 (0.1) $

Central-West Jan/20 � Oct/20 -2.2 (<0.001) * #
Oct/20 � Dec/20 5.1 (0.3) $
Jan/20 � Dec/20 -0.9 (0.3) $

Brazil Jan/18 �May/20 -6.3 (<0.001) * #
May/20 � Dec/20 2.1 (0.1) $
Jan/20 � Dec/20 -1.0 (0.3) $

Legend: APC, annual percentage change; AAPC, average annual percentage change $Stable;
#Decreasing; "Increasing. *Statistical significance.

ARTICLE IN PRESS
there was a significant reduction in the total period of hospitalizations,

mainly in July (-27.2%) and August 2020 (-27.6%) (Fig 5 and 6).

In the study period, the Southeast region showed the highest number of

days of hospitalization for CVD (annual average of 3.4 million days) and

the North had the lowest (344.9 thousand days). As of April 2020, all

regions showed a reduction in the sum of days. In addition, the North was
Curr Probl Cardiol, 00 2022 13



Table 4. Temporal analysis (joinpoint regression model) of the average cost per hospital stay for
diseases of the circulation system in Brazil and regions between January and December 2020

Region Period APC/AAPC (P value) Trend Joinpoint regression model

North Jan/20 - Dec/20 1.2 (0.1) $

Northeast Jan/20 � Dec/20 1.6 (<0.001) * "

Southeast Jan/20 � Dec/20 0.6 (0.1) $

South Jan/20 � Dec/20 -0.0 (1.0) $

Central-West Jan/20 �Mar/20 -1.9 (0.6) $
Mar/20 � June/20 3.8 (0.4) $
June/20 � Oct/20 -2.0 (0.3) $
Out/20 � Dec/20 8.6 (0.2) $
Jan/20 � Dec/20 1.4 (0.1) $

Brazil Jan/18 � Apr/20 2.4 (<0.001) * "
Apr/20 � Oct/20 -0.3 (0.4) $
Oct/20 � Dcz/20 3.9 (<0.001) * "
Jan/20 � Dec/20 1.2 (<0.001) * "

Legend: APC, annual percentage change; AAPC, average annual percentage change $Stable;
#Decreasing; "Increasing. *Statistical significance.

ARTICLE IN PRESS
the region with the greatest reduction in 2020 (-20.7%) (Fig 5). The aver-

age length of stay was longer in the Northeast region (7.2 days) and

shorter in the South (5.4 days) (Fig 6).

Importantly, the sum of days of hospitalization showed a decline trend

in Brazil (AAPC: -2.1; P-value < 0.001). Similarly, there was a decreas-

ing trend in the North (AAPC: -5.5; P-value < 0.001) and Central-West

regions (AAPC: -2.4; P-value < 0.001) (Table 5). Regarding the average
14 Curr Probl Cardiol, 00 2022



FIG 5. Temporal evolution of total of days of hospital stay for CVD in Brazil and regions, before
and after confirmation of the COVID-19 pandemic (Color version of figure is available online.)
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number of days of stay, there was a stationary trend in the country

(AAPC: 0.0). Also, there was an increasing trend in the Northeast

(AAPC: 0.2; P-value < 0.001) and a reduction in the North region

(AAPC: -1.0; P-value < 0.001) (Table 6).
Discussion
Altogether, our analyses showed a reduction in hospital admissions for

CVD, in the total cost of these admissions, in the absolute number and
Curr Probl Cardiol, 00 2022 15



FIG 6. Temporal evolution of the average days of hospital stay for CVD in Brazil and regions,
before and after confirmation of the COVID-19 pandemic (Color version of figure is available
online.)
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average length of hospital stay after the emergence of COVID-19 pan-

demic in Brazil. On the other hand, there was an increase in the in-hospi-

tal lethality rate and in the average cost of admissions. Importantly, these

variations occurred unequally in time (over months) and in space

(between regions), reflecting different aspects of the impact of the pan-

demic throughout Brazilian regions.

The reduction in hospitalizations for CDV may be the result of 2

important aspects that became present with the onset of the COVID-19 in
16 Curr Probl Cardiol, 00 2022



Table 5. Temporal analysis (joinpoint regression model) of the total days of hospital stay for car-
diovascular diseases in Brazil and regions between January and December 2020

Region Period APC/AAPC (P-value) Trend Joinpoint regression model

North Jan/20 � Dec/20 -5.5 (<0.001) * #

Northeast Jan/20 � June/20 -8.5(<0.001) * #
Jun/30 � Dec/20 4.1(<0.001) * "
Jan/20 � Dec/20 -1.9 (0.1) $

Southeast Jan/20 �May/20 -7.3 (<0.001) * #
May/20 � Dec/20 1.8 (0.1) $
Jan/20 � Dec/20 -1.6 (0.1) $

South Jan/20 � Dec/20 -1.2 (0.1) $

Central-West Jan/20 � Aug/20 -5.4 (<0.001) * #
Aug/20 � Dec/20 3.0 (0.1) $
Jan/20 � Dec/20 -2.4 (<0.001) * #

Brazil Jan/18 �May/20 -8.1 (<0.001) * #
May/20 � Dec/20 1.5 (0.2) $
Jan/20 � Dec/20 -2.1 (<0.001) * #

Legend: APC, annual percentage change; AAPC, average annual percentage change $Stable;
#Decreasing; "Increasing. *Statistical significance.
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Brazil: changes in the behavior of individuals, which caused less search

for and/or evasion of health services; and aspects directly related to

changes in the structure and functioning of health services, such as the

reduction of outpatient care and the relocation of health professionals to

fight the pandemic (BORGES, 2020). Notably, these changes are conse-

quences of the implementation of a wide range of non-pharmacological
Curr Probl Cardiol, 00 2022 17



Table 6. Temporal analysis (joinpoint regression model) of the average days of hospital stay for
cardiovascular diseases in Brazil and regions between January and December 2020

Region Period APC/AAPC (P value) Trend Joinpoint regression model

North Jan/20 � Dec/20 -1.0 (<0.001) * #

Northeast Jan/20 � Apr/20 0.2 (<0.001) * "
Apr/20 � Jul/20 -3.2 (<0.001) * #
Jul/20 � Oct/20 1.1(<0.001) * "
Oct/20 � Dec/20 4.0 (<0.001) * "
Jan/20 � Dec/20 0.2 (<0.001) * "

Southeast Jan/20 �Mar/20 2.5 (0.4) $
Mar/20 � Oct/20 -1.5 (<0.001) * "
Oct/20 � Dec/20 3.9 (0.3) $
Jan/20 � Dec/20 0.2 (0.8) $

South Jan/20 � Dec/20 0.3 (0.1) $

Central-West Jan/20 � Sept/20 -2.2 (<0.001) * #
Sept/20 � Dec/20 6.5 (<0.001) * "
Jan/20 � Dec/20 0.1 (0.9) $

Brazil Jan/18 � Oct/20 -0.8 (<0.001) * #
Oct/20 � Dec/20 3.7 (0.3) $
Jan/20 � Dec/20 0.0 (1.0) $

Legend: APC, annual percentage change; AAPC, average annual percentage change $Stable;
#Decreasing; "Increasing. *Statistical significance.
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measures aimed at containing the spread of the SARS-CoV-2 in the Bra-

zilian territory.18

Initially, the pandemic caused important changes in the behavior of the

population, which may have resulted in reduced access to health services.

Likewise, the need for social distancing to control the spread of the virus

seems to have acted as a factor generating fear of contamination in health

facilities.19 Additionally, there was reduction of urban mobility and

access to health services by the population. Taken together, these factors

may have influenced the evasion of patients from different health serv-

ices, whether in primary care, responsible for managing risk factors-

chronic diseases, or in specialized-hospital centers.10,11,20
18 Curr Probl Cardiol, 00 2022
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Similarly, the reduction in hospitalizations for CVD was also observed

in other studies worldwide.21,22 Corroborating our findings, a study con-

ducted in New York (USA) observed a significant reduction in acute hos-

pitalizations for chronic diseases in 2020, including cardiovascular

diseases.23 Importantly, the delay in patient care, observed in many coun-

tries, has resulted in serious clinical conditions rarely seen outside this

context, such as cardiogenic shock and ventricular rupture due to acute

myocardial infarction (AMI), which significantly increases risk of death

from CVD.24

In Brazil, an investigation carried out with more than 45 thousand indi-

viduals showed that people with CVD had greater adherence to measures

of social distancing.25 Remarkable, this scenario can be justified by dif-

ferent factors, such as: i. association between the presence of CVD and

increased risk of death from COVID-196; ii. the fear of SARS-CoV-2

infection27; iii. the amount of information disseminated by the media and

social networks (infodemic)28,29; and iv. the dissemination of false and

unscientific information (fake news).30 Taken together, they potentiated

the negative effects of social isolation, causing fear, sadness, depression,

anxiety, and sleep disturbances.31

Additionally, the same study conducted here25 showed that patients

with chronic non-communicable diseases (NCDs) had more difficulty

accessing health services during the pandemic. These services included

health care, appointment bookings, and medication. It should be noted

that chronic diseases, due to their typically long-lasting nature, demand

more control actions and the provision of health services.32 As a result,

the difficulties in accessing health services and the social isolation meas-

ures may have impacted on the reduction of hospital admissions and the

increase in mortality from CVD.

Regarding changes in the structure and functioning of health care serv-

ices that may have reduced the number of admissions, we highlighted: i.

the reallocation of resources (financial, human and material) to assist in

cases of COVID-19, which may result in the depletion of these resources

for other sectors33; ii. the rescheduling of appointments with greater

delay; iii. the preference for assistance via telemedicine14,34; iv. reducing

the daily working hours of services, health professionals and the number

of daily appointments.35

On the other hand, following the increase in COVID-19 cases in the

country, there was an increase in in-hospital mortality due to CVD, as

also observed in previous studies in Brazil36 and in other countries.37,38

In these studies, patients hospitalized with acute myocardial infarction,37

coronary artery disease,38,39 or acute cardiac injury39 were more likely to
Curr Probl Cardiol, 00 2022 19
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have fatal outcomes when co-infected with SARS-CoV-2. Furthermore,

this aggravating factor and the increased demand for health professionals

may also explain the increase in the average cost per hospitalization

observed in our study.

More recently, COVID-19 started to be described in the scientific liter-

ature as a vascular disease, rather than respiratory disease, which

increases the risk of pathophysiological interaction with CVD.40 This

interaction and the consequences of the various vascular dysfunctions

caused by COVID-19 increase the risk of lethality in individuals with

CVD. Different factors, such as the activation of the immune system and

the cytokine storm, prothrombotic state, and dysregulation of the Renin-

Angiotensin-Aldosterone system led to events such as AMI and cerebro-

vascular accident (CVA).40

Notably, regional disparities in Brazil may be associated with varia-

tions in the impact of the pandemic. The North region had the highest

mortality rate, and it may be related to the precariousness of the health

system in the region. The asymmetric and reduced distribution of health

resources in the territory and the concentration of medical treatments in

the urban centers of Manaus (Capital of the State of Amazonas) and

Bel�em (Capital of the State of Par�a) results in a migratory process in

search of care. As a result, there is acceleration of COVID-190s internali-
zation process and rapid collapse of the health network.41,42

In addition, the increased severity of these patients at the time of

admission significantly increases the chance of death. Hereupon, there is

a reduction in the time of stay and, consequently, in the average cost of

hospitalizations. This phenomenon can be exemplified by the high mor-

tality rate due to COVID-19 observed in the state of Amazonas, which

underwent a major collapse of the health system in May and December

2019, as consequence of the sharp rise in cases of COVID-19 and the

inability of the health network to meet the demand.43,44

Otherwise, a more homogeneous distribution of health resources

among municipalities in the South region, with a greater offer of

ICU beds, respirators, and health professionals in the territory can

directly contribute to a better compatibility between hospital supply and

demand.45 Notably, these regional disparities reflect the unequal develop-

ment and concentration of wealth in the South and Southeast regions of

the country and may have influenced the lower in-hospital lethality

observed in this region. In fact, population with better living conditions

has more access to health care services, which implies greater survival

when compared to other populations without the same access facilities.
20 Curr Probl Cardiol, 00 2022
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The Central-West region, which was impacted later with the arrival

of COVID-19, had an average of 2.5 hospital beds/10,000 inhabitants

(about 8.5% of the total number of beds in the country). Despite being

the second largest Brazilian region in terms of land area, it is the second

least populated, and has the second smallest GDP among the other

regions.46 In this region, about 80% of the population depends on the

SUS and, during the pandemic, the Central-West had the second lowest

number of ICU beds in the SUS, which contributed to a smaller varia-

tion in the rate of admissions and an increase in the in-hospital lethality

rate for CVD.47

Furthermore, a study that assessed the population’s adherence to

measures to restrict physical contact and spread COVID-19 across the

Brazilian regions showed that the residents of the Central-West were

those with the lowest adherence to virus control measures.48 In addition,

the Central-West had the lowest percentage of total restriction of physi-

cal contact (12.3%) and the highest percentage of people who did not

undergo any type of restriction (3.3%), which may have contributed to

the highest CVD in-hospital lethality rate. Alternatively, the groups

with the highest membership were composed of residents of the South-

east and Northeast regions.

Despite all efforts conducted by state governments to reduce hospi-

talization and deaths due to COVID-19 in Brazil, a second wave of the

pandemic, even more severe, occurred first in the state of Amazonas

(November 2020) and spread to other regions of the country in March

2021.49 This second wave may have occurred due to multiple factors,

such as: behavioral (population neglect and relaxation of post-first wave

social distancing measures); delays in acquiring vaccines and low mass

immunity; and iii. emergence of new variant strains of the virus (such

as B.1.1.28, P.1, B.1.195, B.1.1.33 and P.2) with greater potential for

transmission.50 Unfortunately, this second wave caused chaos and col-

lapse in health systems in all regions, which limited care for clinical

complications and exacerbations in patients with CVD/COVID-19.

Consequently, this may have increased the in-hospital lethality rate

from CVD.

Even considering all the methodological precautions, this study has

some limitations. The increase in the in-hospital lethality rate may be

overestimated due to the reduction in the number of admissions (the

denominator of the equation). In addition, the use of secondary data that

are subject to the influence of the operative capacity of health services,

which are related to the possibility of confusion as to the cause of death,

both for CVD and for COVID-19.
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Conclusion
Our analyzes demonstrated the impact of the COVID-19 pandemic on

indicators of hospital admissions and lethality from CVD in Brazil, with

variations depending on the nature of the indicator and the region of the

country. Herein, we observed an increase in the hospital admission rate,

in-hospital lethality, in the total cost of admissions, and in the total num-

ber of hospitalization days for CVD. Conversely, there was a reduction in

the average cost per hospitalization, and in the average number of days of

hospitalization due to CVD. Therefore, the study data suggest that the

pandemic affected both health services and the dynamics of patients’

demand for care. As a result, there has been a reduction in access to

health services, diagnosis, and timely treatment of other diseases, includ-

ing CVD.
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Prim�aria �a Sa�ude diante da pandemia provocada pela COVID-19? Epidemiol e
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