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ABSTRACT
OBJECTIVE: To analyze the impact of the covid-19 pandemic on mortality from cancer and
cardiovascular diseases (CVD) as underlying cause and comorbidity in Brazil and Brazilian
regions in 2020.
METHODS: We used the 2019 and 2020 databases of the Mortality Information System (SIM)
to analyze deaths occurring between March and December of each year that had cancer or
CVD as the underlying cause or comorbidity. Deaths from covid-19 in 2020 were also analyzed.
To estimate the Standardized Mortality Ratio (SMR) and the excess of deaths, 2019 data were
considered as standard.
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RESULTS: Between March and December 2020, there were 181,377 deaths from cancer and
291,375 deaths from cardiovascular diseases in Brazil, indicating reduction rates of 9.7% and
8.8%, respectively, compared to the same period of the previous year. The pattern was maintained
in the five Brazilian regions, with lower variation for cancer (-8.4% in the South to -10.9% in the
Midwest). For CVD, the variation was greater, from -2.2% in the North to -10.5 in the Southeast
and South. In the same period of 2020, these diseases were classified as comorbidities in 18,133
deaths from cancer and 188,204 deaths from cardiovascular diseases, indicating a proportional
excess compared to data from 2019, of 82.1% and 77.9%, respectively. This excess was most
significant in the Northern Region, with a ratio of 2.5 between observed and expected deaths
for the two conditions studied.
CONCLUSIONS: Excess deaths from cancer and CVD as comorbidities in 2020 may indicate
that covid-19 had an important impact among patients with these conditions.
DESCRIPTORS: COVID-19. Cardiovascular Diseases. Neoplasms. Comorbidity. Mortality.
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INTRODUCTION
The covid-19 pandemic, a disease caused by the new coronavirus (SARS-CoV-2), has
substantially changed the mortality profile in many countries. In 2020, approximately
one million additional deaths occurred in 29 high-income countries compared to the
previous four years1. In Brazil, several authors showed that, compared to previous years,
in 2020 there was clearly an excess of deaths2–5 as well as an increase in the hospital
mortality rate 6 .
Historically, from the second half of the last century, the burden of chronic non-communicable
diseases (NCDs) took center stage, accounting for more than 60% of deaths worldwide
today 7. Cardiovascular diseases (CVD) and cancer have been the two main causes of death
in Brazil for many decades.
Experimental and observational evidence shows a consistently higher risk of evolution to
severe case of covid-19 in older individuals and individuals with comorbidities8,9 due to
acute respiratory syndrome (SARS). Among patients with NCDs, such as cancer and CVD,
health conditions may worsen as a direct or indirect result of the pandemic, either due to
greater fragility or a worse response to infection by coronavirus type 2, which causes SARS
(SARS-Cov-2), or to difficulty in accessing and continuing care of these chronic conditions in
health services or due to impairment to actions of early detection, diagnostic confirmation
and early treatment10. Consequently, assessing morbidity and mortality in individuals
with increased risk of developing severe covid-19 is essential for determining preventive
and therapeutic strategies for this specific group and for investigating the impact of the
pandemic on their underlying diseases11.
The analysis of accessible information in the Brazilian Unified Health System (SUS) is
essential for assessing how covid-19 has changed the country’s mortality profile, as well
as for identifying situations aimed at improving health surveillance. The objective of
this study was to analyze the impact of the covid-19 pandemic on mortality from cancer
and CVDs, both as a underlying cause and as a comorbidity in Brazil and Brazilian
regions in 2020.
METHODS
The data on deaths occurred in 2019 and 2020 (preliminary basis available) used in this
study were obtained from the Mortality Information System (SIM), on the homepage of
the SUS Department of Informatics (Datasus)a. The general and regional population data
were obtained from the population projections of the Brazilian institute of geography and
statistics (IBGE), 2018 editionb.
2019 data available at:
ftp://ftp.datasus.gov.br/dissemin/
publicos/SIM/CID10/DORES;
2020 preliminary data available
at ftp://ftp.datasus.gov.br/
dissemin/publicos/SIM/PRELIM/
DORES; accessible via Internet
Explorer or another application
for FTP access. Last accessed on
February 18, 2022.

a

b
Instituto Brasileiro de Geografia
e Estatística, Sistema IBGE
de Recuperação Automática
-SIDRA. Projeções da População:
projeção da população - edição
2018: tabelas. Rio de Janeiro:
IBGE; 2018 [cited 2021 Apr 29].
Available from: https://sidra.ibge.
gov.br/pesquisa/projecao-dapopulacao/tabelas

The SIM has been improved since its creation in 1975, and its quality and coverage are
considered good by international standards12. The data in the medical certification of cause
of death (MCCOD) that feed the SIM are filled in by doctors and divided according to rules
that allow determining the underlying causes of death, the antecedent and contributory
causes (also known as comorbidities). The MCCOD form adopted in Brazil classifies the
causes of death according to the World Health Organization (WHO) standard. Following
the causal chain of events, the underlying cause is the disease or injury (or circumstances
in the case of external causes) that initiated the chain of pathological events expressed in
the antecedent causes and which directly resulted in death. Comorbidities, described in the
second part of the MCCOD, are significant morbid conditions that contributed to death, but
were not directly part of the causal chain that culminated in death13. Currently, microdata
regarding deaths that occurred in Brazil between 1980 and 2019 are available, but due to
the covid-19 pandemic, preliminary data for 2020 were made available in advance in April
2021 and this is the information that is part of this study.
https://doi.org/10.11606/s1518-8787.2022056004040
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MCCOD were analyzed using the following codes of the tenth revision of the International
Classification of Diseases (ICD-10)14: cancer (C00-C97), CVD (I00-I99), external causes
(V, W, X, Y) and ill-defined (R00-R99). To classify covid-19 deaths, we used the guidelines
of the Health Surveillance Department of the Ministry of Health to codify the causes of
death in the midst of the pandemic, in which the code B34.2 was used for deaths whose
underlying cause was covid-19 in Brazil15.
For all deaths occurring in 2020, we estimated the age-standardized rates by the direct
method, considering the age groups (0 to 19 years; 20 to 29 years; 30 to 39 years; 40 to
49 years; 50 to 59 years; 60 to 69 years; 70 to 79 years and 80 years or older) and using as
standard the Brazilian population projected for 2020 by the IBGE.
Then, we recorded the deaths from the two main causes nationally and regionally in
2020 (cancer and CVD) and the deaths from covid-19. Correction factors were applied
to these deaths by proportional redistribution of those reported as ill-defined causes,
considering the age groups already described and the geographical locations, according
to the method proposed by Mathers et al.16 Deaths from ill-defined causes were 5.55%
and 6.44% of the total deaths recorded in 2019 and 2020, respectively. Among the
Brazilian regions, this proportion ranged from 2.97% (Midwest) to 8.20% (North) in 2019
and from 4.68% (South) to 8.31% (North) in 2020. The largest increases were observed
in the Midwest (from 2.97% in 2019 to 5.09% in 2020) and South (from 3.52% in 2019 to
4.48% in 2020).
To estimate age-standardized rates, deaths without information on age or date of birth
were excluded: n = 2,358 (0.17%) in 2019 and n = 30,893 (1.98%) in 2020.
We then estimated the expected deaths by underlying cause of death (cancer or CVD) per
month and for the period between March and December 2020, in addition to estimating
the expected deaths with these diseases as comorbidities for the same period of pandemic
in 2020. For this estimate, we applied the mortality coefficients by age groups (0 to 19 years;
20 to 29 years; 30 to 39 years; 40 to 49 years; 50 to 59 years; 60 to 69 years; 70 to 79 years
and 80 years or older) for cause, period and region in 2019 as standard to the population
projected for 2020, in the same age groups and regions. In this estimate, deaths with no
information about age for the disease categories under study were excluded (2019: n = 246;
0.04%; 2020: n = 201; 0.02%).
We estimated the difference between the number of deaths observed and the number of
deaths expected in this period, and the percentage change of this difference.
The standardized mortality ratio (RMP) was estimated as the ratio between observed
and expected deaths in the period. The intervals with 95% confidence for each RMP were
estimated by using a Poisson distribution, as described by Breslow and Day17:
1 – 1.96
D 1–
9D
3√D
RMPI =
E

RMPS =

(D + 1) 1 –

3

1
1.96
–
9(D + 1)
3√(D + 1)
E

3

Where:
RMPI is the lower limit for the 95% confidence interval of the SMR;
RMPS is the upper limit for the 95% confidence interval of the SMR;
D is the number of deaths observed in 2020;
E is the number of deaths expected for 2020.
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Finally, we estimated the percentages of deaths observed in 2020 and expected by
comorbidity – based on the profile observed in 2019 – having as a total the sum of deaths
classified as underlying cause and the ones classified as comorbidity. The ratio between
these percentages was checked to assess whether or not this ratio increased.
All estimates were made using the statistical software Stata18.
RESULTS
In 2020, there were 1,560,088 deaths in Brazil. Compared to 2019, the general mortality
rate standardized by age increased by 10.15%, going from 655.63 to 722.15 deaths per
1,000
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Figure 1. Distribution of mortality rates standardized by age for all causes of death in Brazil and Brazilian
regions in 2019 and 2020.
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Figure 2. Distribution of mortality rates corrected and standardized by age for the three main causes of
death in 2020 in Brazil and Brazilian regions.
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100 thousand inhabitants. The largest increases were observed in the North (25.90%; from
682.11/100 thousand in 2019 to 858.79/100 thousand in 2020) and in the Northeast (12.99%;
from 676.48/100 thousand in 2019 to 764.33/100 thousand in 2020) (Figure 1).
In 2020, covid-19 was the third leading cause of death throughout Brazil and also in the
Southeast and South regions, with an age-standardized rate of 97.58 per 100 thousand,
second only to CVD (164.03/100 thousand) and cancer (103.60/100 thousand) and surpassing
respiratory diseases (70.43/100 thousand). In the North (161.20/100 thousand), Northeast
(100.50/100 thousand) and Midwest (125.21/100 thousand), covid-19 was the second only
to CVD as a leading cause of death (Figure 2).
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Figure 3. Observed and expected deaths from cancer, cardiovascular disease and covid-19 per month in 2020 in Brazil.
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Figure 3 shows the observed and expected deaths from cancer and CVD, and deaths from
covid-19 in the months of 2020 for Brazil and Brazilian regions. It is possible to note that,
with the arrival of the covid-19 pandemic, starting in March, the observed deaths for both
cancer and CVD declines in Brazil as a whole and in each region. In the North, however,
the visual difference between the expected and observed death curves is not as striking
as in the other regions.
In the period between March and December 2020, a total of 181,377 cancer deaths were
reported in the SIM as underlying cause. This figure was 10% lower than expected (200,876),
based on the mortality profile in the same period in 2019 (RMP = 0.90; 95%CI 0.90–0.91). This
pattern repeated itself in all regions of the country where the SMR were always lower than
the unit and statistically significant. The same finding among observed and expected deaths
occurred for CVD in 2020 in the period, both for Brazil (291,375 and 319,561, respectively;
SMR = 0.91; 95%CI 0.91–0.920) and for all regions (Table 1).
By analyzing the selected comorbidities separately, an opposite pattern was identified,
with an increase in deaths observed for cancer, leading to an SMR of 1.82 (95%CI 1.79–1.85).

Table 1. Number of observed and expected deaths from cancer and cardiovascular diseases and standardized mortality ratio (SMR) in Brazil
and Brazilian regions, between March and December 2020.
Underlying cause
Cancer

Cardiovascular diseases

Region

Observed deaths

Expected deaths

SMR (95%CI)

Difference (n)

Variation (%)

North

9,416

10,333

0.91 (0.89–0.93)

-917

-8.87

Northeast

40,047

44,645

0.90 (0.89–0.91)

-4,598

-10.30

Southeast

85,302

94,640

0.90 (0.90–0.91)

-9,338

-9.87

South

34,682

37,878

0.92 (0.91–0.93)

-3,196

-8.44

Midwest

11,930

13,394

0.89 (0.87–0.91)

-1,464

-10.93

Brazil

181,377

200,876

0.90 (0.90–0.91)

-19,499

-9.71

North

16,753

17,132

0.98 (0.96–0.99)

-379

-2.21

Northeast

78,324

83,630

0.94 (0.93–0.94)

-5,306

-6.34

Southeast

134,239

150,050

0.89 (0.89–0.90)

-15,811

-10.54

South

43,028

48,082

0.89 (0.89–0.90)

-5,054

-10.51

Midwest

19,031

20,621

0.92 (0.91–0.94)

-1,590

-7.71

Brazil

291,375

319,561

0.91 (0.91–0.92)

-28,186

-8.82

Table 2. Number of observed and expected deaths from cancer and cardiovascular diseases as comorbidity and standardized mortality ratio
(SMR) in Brazil and Brazilian regions between March and December 2020.
Comorbidity

Region

Observed deaths

Expected deaths

SMR (95%CI)

Difference (n)

Variation (%)

Cancer

North

744

292

2.55 (2.37–2.73)

452

154.87

Northeast

3,776

2,026

1.86 (1.80–1.92)

1,750

86.41

Southeast

9,928

5,399

1.84 (1.80–1.87)

4,529

83.87

South

2,487

1,561

1.59 (1.53–1.66)

926

59.34

Midwest

1,196

683

1.75 (1.65–1.85)

513

75.09

Brazil

18,131

9,959

1.82 (1.79–1.85)

8,172

82.05

North

11,651

4,738

2.46 (2.41–2.50)

6,913

145.90

Northeast

45,298

23,476

1.93 (1.91–1.95)

21,822

92.96

Southeast

91,923

51,876

1.77 (1.76–1.78)

40,047

77.20

South

25,177

17,832

1.41 (1.39–1.43)

7,345

41.19

Midwest

14,155

7,899

1.79 (1.76–1.82)

6,256

79.20

Brazil

188,204

105,791

1.78 (1.77–1.79)

82,413

77.90

Cardiovascular diseases
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A higher number of deaths observed than expected within this category was detected in
all regions, especially in the North, where the SMR was 2.55 (95%CI 2.37–2.73). Regarding
CVD as comorbidity, excess deaths were also found in Brazil as a whole (RMP = 1.78;
95%CI 1.77–1.79) and by regions. The highest SMR was also seen in the North (SMR = 2.46;
95%CI 2.41–2.50) (Table 2).
DISCUSSION
Covering the entire period of the pandemic in 2020 and using SIM data from all over Brazil,
we were able to identify a decline of almost 10% in expected mortality from cancer and
CVD, compared to 2019. This drop pattern occurred in the five regions of the country, with
a slightly greater variation for CVD between the regions.
A possible explanation for the decline in mortality observed for the two groups of diseases
studied here is the action of covid-19 as a competitive cause of death, resulting in migration
of the underlying cause of death. Thus, prevalent cases of cancer and CVD, which would have
a higher risk of death from these diseases, ended up having their deaths anticipated due to
covid-1919. A study conducted in China between January and June 2020, covering three stages
of the pandemic (first wave, second wave and recovery), showed a deficit in deaths from all
causes, but did not present a statistically significant difference in cancer deaths and found
excess in deaths from CVD20. Similar findings, without statistical significance, were reported
in the first half of 2020 in the city of São Paulo for cancer (SMR = 0.9; 95%CI 0.67–1.20) and
CVD (SMR = 0.9; 95%CI 0.68–1.15)21.
The competition for hospital beds and emergency care, as well as health professionals
becoming ill, could have led to an increase in mortality from the chronic diseases studied.
This would be expected particularly for acute manifestations of CVD, such as acute
myocardial infarction (AMI), stroke and dissecting aortic aneurysm. Choudhary et al.22
showed that treatment of severe cardiac emergencies decreased during the pandemic and
that, among the cases of acute coronary syndrome, the proportion of patients treated with
conservative therapy increased. In the US, in the early months of the pandemic there were
fewer hospital admissions for conditions requiring emergency treatment, mainly AMI,
stroke and heart failure23.
The reduction in mortality in Brazil from both cancer and CVD in 2020 may not continue in
the coming years. A greater difficulty in the monitoring and control of chronic conditions
such as systemic hypertension and diabetes mellitus should have a later impact on the
increase in mortality in the coming years, and actions to mitigate this effect have been
recommended, such as increased use of telemedicine24,25.
In cancer patients, postponing surgeries to remove tumors and delaying chemo or
radiotherapy treatment can cause the disease to progress, decreasing the chances of cure26.
In Brazil, the pandemic caused the need for adaptations in early detection recommendations
in order to prioritize the investigation of cases with suspicious signs and symptoms27. The
decrease in these actions perceived in 202028 is worrying because it implies a future impact
on cancer mortality, particularly in low and middle income countries29.
Some studies have focused on estimating, through modeling, the future impact of the
Covid-19 pandemic on mortality due to delayed diagnosis30–33. In the UK, it has been
estimated that in the next five years there will be 15.3 to 16.6% of additional deaths from
colorectal cancer and 7.9 to 9.6% from breast cancer, 5.8 to 6.0% from esophageal cancer and
4.8 to 5.3% from lung cancer30. In France, excess cancer mortality was estimated from one
thousand to six thousand patients in the coming years31. In Australia, a significant impact
is expected in terms of additional deaths and health costs due to changes in the stage of
the disease at the beginning of treatment in cases of breast, lung, colorectal cancer (from
https://doi.org/10.11606/s1518-8787.2022056004040
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stage I to II) and melanoma (from stage T1 to T2)32. In India, excess mortality related to
cervical cancer is expected33.
The pandemic has been regarded by some as an opportunity to reduce the unnecessary
and harmful use of health services, serving as a natural experiment in reducing the harms
arising from these practices34. It is possible that overdiagnosis and overtreatment, resulting
from screening without indication, especially for prostate and breast cancer, have decreased
during the pandemic, especially because both are very prevalent practices in Brazil35,36.
Although there is evidence of increased CVD mortality associated with overdiagnosis and
overtreatment of cancer, and especially breast cancer, it is unlikely that a possible reduction
has impacted the results presented here37.
The differences observed between the Brazilian regions are a reflection of the inequalities
of access to health prior to the covid-19 pandemic38. As in other parts of the world, with the
pandemic these inequalities have been amplified39, compromising the necessary measures to
control the spread of the virus and highlighting the difficulties of access to health services.
The North and Northeast regions have the lowest rates of human development in the country,
the highest rates of inequality and the worst access to health services38. In addition, it is
thought that the P1 variant emerged in the North40, possibly helping to increase cases and
deaths at the end of 2020 because it is more transmissible41.
In the midst of the pandemic, these factors add to the already high load of NCDs in the North
and Northeast regions, described since 2008 as resulting from the inequalities mentioned
here42. Unlike the other regions of Brazil, the trend of mortality from CVD43 and cancer44 in
these regions in years prior to the pandemic was upward, which may have led, especially
in the North, to the largest excesses of deaths seen of these diseases as comorbidity during
the pandemic.
In contrast to the fall in mortality of the diseases studied here as the underlying cause
of death in Brazil, we observed a significant increase in mortality from cancer and CVD
as comorbidities, respectively 82.1% and 77.9%. This increase ranged from 59.3% in the
South to 154.9% in the North for cancer and from 41.2% in the South to 145.9% in the
North for CVD.
The rules for reporting causes of death in the SIM are well established for cancer45 which,
is generally recorded as an underlying cause. In the case of CVD, the probability of being
reported as comorbidity at death is higher than in the case of cancer. With the pandemic,
Brazil followed the international standard proposed by the WHO for certifying causes
of death applied to the SIM46, which indicates that comorbidities such as cancer should
not be considered an undelying cause of death even if they triggered a severe course of
covid-19; instead, they should be record in the second part of the MCCOD.
The findings of this study reinforce an important concern in the pandemic about cancer as
a comorbidity of patients with covid-19, namely that cancer can affect the immune system,
making cancer patients more susceptible to infections, whether by the immunosuppressive
effect of chemotherapy and/or by the impairment of lung capacity, more common in patients
with lung cancer.
CVD are recognized as one of the main comorbidities associated with a worse prognosis
in covid-19 patients47 and they may also be involved as antecedent causes in the causal
chain of death of patients with covid-19, an aspect not investigated in this study. Cardiac
patients infected with SARS-CoV-2 have shown a higher risk of morbidity and mortality.
The pathophysiological mechanism of SARS caused by this virus is characterized by an
overproduction of inflammatory cytokines that lead to systemic inflammation and multiple
organ dysfunction that acutely affects the cardiovascular system48,49. Myocarditis is a major
complication in covid-1950. Of the patients with covid-19, 7% have myocardial injury resulting
from the infection, a number that rises to 22% in severe patients51. Disorders in angiotensin
https://doi.org/10.11606/s1518-8787.2022056004040
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converting enzyme (ACE) receptors also play an important role in pathogenesis, leading to
cardiomyopathy and heart failure50.
Systemic arterial hypertension, arrhythmias, cardiomyopathies and coronary artery
disease are among the main comorbidities in patients with severe covid-1950. A study
that analyzed the role of CVD as comorbidity and a poor prognostic factor with data
from SIVEP-Gripe in patients aged 20 years or older, hospitalized with covid-19,
confirmed by quantitative RT-PCR, until August 2020, showed that 84% of them had one
or more comorbidities, including the following types of diseases: cardiovascular, renal,
neurological, hematological, hepatic, diabetes, chronic respiratory diseases, obesity
or immunosuppression. These patients presented higher mortality compared to those
without comorbidity52 .
The limitation of this study is the fact that the SIM data for 2020 is still preliminary and
it is possible that the frequencies change after the definitive consolidation. As a result of
the covid-19 pandemic, the Ministry of Health anticipated the release of the preliminary
database, provided for by the regulations for the period between June 30 and August 30,
202153. Previous studies on the impact of covid-19 on mortality in Brazil in 2020 used the
Civil Registry database4 or the respiratory syndrome notification database, SIVEP-Gripe52,54.
These bases, however, do not allow to perform the analyzes presented here because they
do not provide detailed information about underlying causes of death or comorbidities.
For this reason, we chose to use data from the SIM for 2020, even if they are preliminary.
In fact, we observed on this preliminary database that some fields, such as age or birth
date, had a greater amount of ignored data. The percentage of MCCOD without this
information was 0.17% in 2019, and in 2020 it rose to 1.98%. This amount, however, is small
and should not significantly change the findings of this study. Similarly, the increase in
deaths from ill-defined causes that after redistribution may have helped to attenuate the
negative difference between expected and observed deaths from cancer and CVD in Brazil
and Brazilian regions. The increase in ignored data and ill-defined causes in the period is
a reflection of the health crisis, resulting from difficulties in accessing health services and
difficulties related to the recording of information.
When considering the sum of deaths due to underlying cause and comorbidity, the
proportion of deaths where each of them appears as comorbidity is lower than the proportion
as underlying cause for CVD, and even lower for cancer. In 2020, however, there was a clear
increase in the report of these two groups of death as comorbidity. For cancer, 4.7% was
expected and 9.1% was observed, an increase of 92%. Among CVD, there was also an increase
between expected and observed (24.9% to 39.2%, respectively) (data not presented). This
situation reinforces the idea that covid-19 must have been responsible for a significant part
of deaths in patients with cancer and CVD. The pandemic implied definitions in the chain
of events rule related to death from covid-19, which may also have influenced the increase
in the number of cancer records as comorbidity.
CONCLUSIONS
The results presented here provide a preliminary analysis on the changes in the mortality
pattern as a result of the pandemic. The increased number of deaths cited as comorbidities
for both cancer and CVD deserves special attention and indicates the need to monitor
the impact of covid-19 among patients with these morbidities. We should highlight the
observation of a pattern of increased CVD as comorbidities in the North during the
pandemic, which may be the result of a joint effect of the high burden of these diseases
and lower access to health care. These analyses are important components to evaluate and
guide health interventions and policies aimed at controlling deaths directly or indirectly
associated with covid-19.
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