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Abstract

Background The rapid spread of covid-19 overwhelmed healthcare systems. This study
aimed to investigate the impact of the covid-19 pandemic on hospitalizations and hospital
deaths due to cerebrovascular diseases (CVD) in São Paulo state, Brazil.
Methods This ecologic study evaluated the CVD hospitalizations and hospital deaths
(2017–2021) by demographic features and CVD type. During the pandemic (2020–2021),
segmented regression models were used to detect changes in CVD trends. We also
evaluated thedetrended cross-correlation betweenCVDdeaths andhospitalizationwith the
SARS-Cov-2 infection series.
Results During the pandemic, there is a 35% reduction in CVD hospitalizations, mainly in
elective admissions and ischemic stroke, but a 6.5% increase in deaths, especially in Black
and Brown individuals, and those aged 20–29 years. From 2020 to 2021, Black and Brown
individuals experience an earlier and more prolonged increase in hospital deaths. Ischemic
CVD hospitalizations decrease in the first quarter of 2020. Older people exhibit a monthly
increase of 2.9% in hospitalizations and 5.3% in deaths in the 2nd and 3rd quarters of 2021.
SARS-Cov-2 infections are inversely correlated to CVD hospitalizations and directly
correlated to CVD hospital deaths.
Conclusions Covid-19 pandemic negatively affects CVD hospitalizations and deaths,
particularly in Black and Brown individuals. The decrease in hospitalizations and increase in
hospital deaths of ischemic CVD highlights vulnerability in accessing healthcare resources
during the pandemic.

Cerebrovascular disease (CVD) is one of the leading causes of disability and
death globally1.According toGlobal Stroke Statistics, there are~12.2million
new cases of CVD and 6.5 million deaths attributed to it each year
worldwide2,3. Characterized by the rapid clinical development of signs and
symptoms resulting from a focal or global brain disorder, with symptom
duration exceeding 24 hours, potentially leading to death1. Several key
factors contribute to the development of CVD, including a family history of
this condition, Black individuals, age over 55 years, and modifiable clinical
conditions such as diabetes and hypertension3–8.

Brazil ranks as the third country with the highest number of cases
and deaths due to Covid-19 worldwide8–10. There are 87,518 deaths
attributed to CVD in Brazil from January 1st to October 13th, 2022,
an average of 12 deaths per hour or 307 fatalities per day7. São Paulo

state, the largest metropolis in South America, records the first fatal
case of SARS-CoV-2 infection in Brazil and remains at the top of the
ranking for the highest incidence of this disease in the country. By
August 12th, 2021, the state had 4,147,665 confirmed cases and 176,465
deaths8.

Given the severity of the pandemic, international initiatives implement
contingency plans to expand testing and hospital beds11–13. The response to
the Covid-19 pandemic in Brazil varies across the country, with different
initiatives implemented at both national and local levels14,15. In São Paulo
state, for example, sanitary measures and mobility restrictions are in place
fromMarch2020 toDecember2021, basedon factors suchas the availability
of hospital beds in each municipality, case incidence, and the emergence of
new variants of the SARS-CoV-2 virus8,16.
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Plain language summary

TheCovid-19pandemic temporally disrupted
health services. We analyzed the impact of
the pandemic on Cerebrovascular Diseases
(CVD), which are diseases that affect blood
flow in the brain. We looked at public hospital
admissions and deaths recorded in São
Paulo, the most populous and developed
Brazilian state. There was a 35% reduction in
hospitalizations and a 6.5% increase in
deaths, especially in Black and Brown indivi-
duals, young and older adults, and thosewith
CVD in which blood flow is reduced. Rising
SARS-CoV-2 cases were associated with
fewer CVD hospitalizations but more hospital
deaths. These findings should be considered
when planning how best to prevent CVD-
related hospital admissions and deaths dur-
ing future pandemics.
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Previous literature identifies a decrease in hospitalizations for CVD
during the Covid-19 pandemic, accompanied by an increase in associated
severity andmortality6,17–19. Thehypotheses suggest thatmeasures to control
the transmissionofCovid-19, such asmobility restrictions anddisruptionof
healthcare services, may delay medical treatment and monitoring for
chronic non-communicable conditions like diabetes and hypertension.
Additionally, the immune response triggered by SARS-CoV-2 infection,
including inflammatory reactions and coagulation disorders, may con-
tribute to the development of CVD during the pandemic20–25.

In light of the global recognition of the necessity to reevaluate clinical
decision-making and public policies in developing nations, particularly
during public health emergencies like the Covid-19 pandemic, there is an
imperative to implement optimal strategies for managing CVD13.

In this context, Brazil, with its vast geographical expanse and notable
social disparities, maintains a hospital information system that rigorously
documents all admissions and fatalities within the public sector5. This sys-
tematic approach, overseen by trained personnel, offers important benefits
for gathering epidemiological data and conducting comprehensive assess-
ments of diseases on a broad scale.

Considering the global impact of high mortality and disability from
cardiovascular diseases (CVD), it is noteworthy that most national and
international studies assessing hospitalizations and deaths from CVD are
constrained to the early stagesof theCovid-19pandemic.This study seeks to
address this gap by evaluating the influence of the Covid-19 pandemic on
hospital admissions anddeathsdue toCVDinSãoPaulo, themostpopulous
and principal economic hub in the Southern Hemisphere, spanning the
period from 2017 to 2021.

This study reveals a 35% reduction in CVD hospitalizations, parti-
cularly in elective admissions and ischemic stroke, but a 6.5% increase in
CVD-related deaths. The rise in deaths is especially pronounced among
Black and Brown individuals and those aged 20-29 years. Additionally,
SARS-CoV-2 infections are inversely correlated with CVD hospitaliza-
tions but directly linked to CVD-related deaths, highlighting the pan-
demic’s impact on vulnerable populations and the need for targeted
healthcare strategies.

Methods
This study is an ecological time series analysis conducted on monthly
hospitalizations and deaths associated with CVD using data from the
Hospital Information System (SIH) recorded in the São Paulo state, Brazil
from January 2017 to December 2021.

Eligible CVD admissions and deaths were those coded as I60–I69
according to the International Statistical Classification of Diseases and
Related Health Problems 10th revision (ICD-10) and classified as hemor-
rhagic (ICD-I60–I62), ischemic (ICD I63), unspecified (ICD I64), or other
types (ICD I65–I69).

To gather a comprehensive profile of hospitalizations and deaths, we
extracted the following variables: sex, age group, skin color, and type of
admission (elective or emergency). Regarding the timeof data collection, the
skin color registration was already filled in the dataset through a closed-
ended question, with five categories: White, Brown, Black, Yellow, and
Indigenous, according to the Brazilian Institute of Geography and Statistics
categorizations. The data were collected through the individual’s self-
declaration during hospital admission. However, since this data collection
could involve individuals who can be unconscious, the individual’s com-
panionmay answer this question at the time of medical admission. In cases
where no companion is present, the healthcare professional is responsible
for classifying the individual’s ethnicity/skin color. SARS-CoV-2 infections
reported to the StateDataAnalysis SystemFoundation (SEADE)of the state
of São Paulo were laboratorial confirmed by molecular (RT-PCR), ser-
ological (IgM, IgA, or IgG), and antigen tests10,15.

To determine the periods of circulation restrictions, we used the
monthly social isolation index of the Intelligent Monitoring System of São
Paulo (SIMI-SP). This index represents the percentage of displacement
between municipalities, with higher values indicating lower population

displacement. The desirable social isolation index is considered to be equal
to or greater than 45%.

Statistical analysis
The exploratory analysis included the examination of absolute and relative
frequencies as well as minimum and maximum values. The data was stra-
tified based on two distinct periods: before the pandemic (January 2017 to
December 2019) and during the pandemic (February 2020 to December
2021). To calculate the annual average of hospitalizations or deaths, we
considered three years in the pre-pandemic period and two years during the
pandemic. The relative difference expressed as a percentage (%), was
determined by comparing the average numbers between the pre-pandemic
and pandemic periods, with the numerator being the difference and the
denominator being the average number in the pre-pandemic period. Zero
values indicated no change, negative results indicated a reduction, and
positive values indicated an increase in CVD events.

To examine the temporal pattern of CVDhospitalizations and hospital
deaths from January 2020 to December 2021, we performed Join Point
segmented regression models (SRM) 26 with a negative binomial distribu-
tion with offset term. We performed models for the total events and stra-
tified by skin color, age group, and CVD type (ischemic or hemorrhagic).
Thesemodels allowed us to calculate the annual percentage changes (APC),
along with their corresponding 95% confidence intervals (95% CI), of the
absolute number ofCVDhospitalizations anddeaths for each time segment,
with thenull hypothesis beingAPC= 0, indicating anabsenceof variation in
hospitalizations and deaths over time. Since month was the regression
variable, the APC means a monthly percentage change26.

Considering better visualization/adjustment of the methodology for
SRM analysis in skin color stratification, we only considered data from
White, Brown, and Black individuals.

During the pandemic period (2020-2021), we built line graphs to
visualize the time series ofmonthly CVDevents (hospitalizations or deaths)
in relation to the number of SARS-CoV-2 infections. The graphs depicted
the onset and conclusion of SARS-CoV-2 waves and the social isolation
index. Subsequently, we calculated theDetrendedCross-Correlation (DCC)
test coefficient (95%CI)27 todetermine theunbiased correlationbetween the
CVD series (hospitalizations or deaths) and the incidence of SARS-CoV-2.
The DCC test (two-sided test) yields values ranging from -1 to 1, with zero
indicating no correlation, positive values denoting a simultaneous increase
in CVD and SARS-CoV-2 events, and negative values indicating an inverse
correlation.

We performed the analyses using the libraries ‘tseries’, ‘mgcv’ and
‘segmented_2.1-3'28–30 of the free software R, version 4.4.131.

Ethical aspects
This study utilized publicly available anonymous data and did not require
ethical approval of theEthicsCommittee. The researchwas registered under
number 1698 in the Institutional Research Management System of the
Evandro Chagas National Institute of Infectious Diseases at the Oswaldo
Cruz Foundation.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results
Between January 2017 and December 2021, there were 277,272 CVD hos-
pitalizations (monthly median = 4042, minimum= 2083, maximum= 4716)
and 42,004 CVD hospital deaths (monthly median = 560, minimum= 453,
maximum= 891).

Comparing the average numbers/year of CVD hospitalizations and
deaths in the pre-pandemic (2017–2019) and during pandemic
(2020–2021) periods, we observed a decrease in the average annual differ-
ence for hospitalizations (−34.8%, mean number/pre-pandemic year =
49422.7 and mean number/year during pandemic = 32,251) an increase in
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the average annual number of hospital deaths (6.5%, mean number/year
pre-pandemic = 8371 and mean number/year during pandemic = 8917).

Table 1 displays the distribution of CVD hospitalizations and deaths
categorized by demographic and clinical characteristics, as well as the pre
and during pandemic periods. The data reveals a higher prevalence of men,
individuals with White skin color, those over 50 years of age, emergency
admissions, and unspecified types of CVD.

When comparing the two periods, it was evident that the average
annual number of hospitalizations decreased across all characteristics, with
high reductions observed in skin color not informed (−43.9%), ischemic
CVD type (−50.3%), and elective hospitalizations (−85.5%). Conversely,
there was a proportional increase in the average number of deaths in nearly
all analyzed subgroups, particularly among Black or Brown individuals
(15.9% and 14.4%, respectively), as well as individuals aged 20–29 years and
70–79 years (14.2% and 10.3%, respectively). Notably, ischemic-type CVD
showed an increase in deaths during the pandemic (10.8%), despite a
decrease in hospitalizations.

Figure 1 illustrates the monthly percentage change in CVD hospi-
talizations (Fig. 1A) and deaths (Fig. 1B) from January 2020 to December
2021. We could observe a significant increase in the monthly percentage
change from early 2021, specifically February 2021 for hospitalizations
(APC = 2.5; CI = 1.43|3.62) and March 2021 for hospital deaths(APC =
3.7, CI = 1.50|6.08), followed by a decline from July/2021 for deaths
(APC = –4.5, CI = –6.06|−3.09).

We observed significant variations in all periods for hospitalizations
and deaths in the age group over 60 years (Fig. 2). This age group exhibited a
reduction in the absolute number of hospitalizations until March 2021,
followed by an increasing trend of hospitalizations between March and
October 2021 (APC = 2.8, CI = 1.56|4.20), and a subsequent decline from
October 2021 (APC=−34.2, CI =−40.34|−27.44). In contrast, for indi-
viduals aged under 60 years, the decline in hospitalizations began at a lower
level and earlier, inOctober 2020 (APC = 1.47,CI =−2.84|−0.07) (Fig. 2A).

Regardingdeaths (Fig. 2B), similar patterns to the hospitalization series
were observed (Fig. 2A), with a decline starting fromAugust 2021 for those
over 60 years old (APC =−20.3, CI =−22.45|−18.10) and from October
2021 for those under 60 years old (APC=−47.97, CI = -56.41|−37.89).

Throughout the analyzed period (Fig. 3), theWhite group consistently
displayed higher number of hospitalizations and deaths compared to Black
and Brown individuals. Between March and October 2021 (Fig. 3A), both
populations experienced similar increases in hospitalizations (APC
White = 2.5, CI 1.19|4.01; APC Black and Brown = 2.3, CI = 0.99|3.63),
followed by a decline from October 2021 (APC White =−33.3, CI =
−40.04|−25.92; APC Black and Brown =−38.85, CI =−44.68|−32.40).
However, the increase in deaths among Black and Brown people began
earlier and persisted longer than in White individuals, spanning from
March 2020 to September 2021 (APC= 0.91, CI = 0.53|1.28). Notably, the
decline in deaths for the Black and Brown group commenced 1month after
the decline observed in the White group, September 2021 for Black and
Brown(APC = -16.9 CI −20.28|−13.51), and August 2021 for White
(APC =−18.4, CI =−20.72|−16.01) (Fig. 3B).

Regarding the type of CVD (Fig. 4), a significant decline in hospitali-
zations of the ischemic typewas observed in the initialmonths of theCovid-
19 pandemic until March 2020 (APC=−23.5, CI =−31.49|−14.68), fol-
lowed by a significant decline betweenAugust 2021 andDecember 2021 for
ischemic (APC −4.5, CI =−8.02|−1.02) and hemorrhagic (APC =−15.0,
CI =−17.99|−11.90) hospitalizations (Fig. 4A).

For deaths, we observed significant declines between August 2021
and December 2021 in hemorrhagic classification (APC =−14.9, CI =
−20.08|−9.44) and September 2021 and December 2021 for ischemic
classification (APC =−25.0|CI =−38.77, −8.26) (Fig. 4B).

Figures 5 and 6 illustrate the monthly time series of SARS-CoV-2
infections, CVD hospitalizations, and hospital deaths during the pandemic
(February 2020 to December 2021). A negative cross-correlation was
observed between the hospitalization series and SARS-CoV-2
(p value = 0.02; correlation =−0.54; 95%CI −0.820|−0.071) and a

positive correlation between the hospital deaths series and SARS-CoV-2
(p value = 0.05; correlation=0.40; 95%CI 0.025|0.691), especially evident
during the second wave of the pandemic (Jan to Aug/2021).

Discussion
The present study revealed an important reduction of ~35% in CVD
hospitalizations during the pandemic period (2020–2021) in São Paulo
state, primarily observed in elective, ischemic, and unspecified CVD.
Conversely, there was an approximate 6% increase in hospital deaths,
particularly among Black and Brown individuals, youth and elderly, and
those with ischemic CVD. Furthermore, as the number of SARS-CoV-2
infections increased, there was a tendency for a decrease in CVD
hospitalizations.

The reduction observed in elective hospitalizations and cases of
ischemic CVD, coupled with the simultaneous increase in deaths, can be
attributed to challenges faced in accessing healthcare services during the
pandemic. In 2021, the disease control coordination of the state of SãoPaulo
published a report highlighting the disruption in the provision of care for
chronic non-communicable diseases (CNCD) during the Covid-19 pan-
demic. According to the report, there was an alarming increase in the
prematuremortality rate fromCNCDs, rising from 35.2 to 50.8 per 100,000
inhabitants in the state of São Paulo. This increase was primarily due to a
72% reduction in outpatient services as per the state’s guidelines, leading to
an impact on healthcare access and continuity of care for CNCDs32.

Supporting this hypothesis, Siegler et al.24 attributed the reduction in
CVDdiagnosis during thepandemic topotential delays in initial care caused
by circulation restrictions and strain on the healthcare system, including the
limited bed availability and emergency care capacity. Consequently, the
increase in CVD severity and mortality at the onset of the pandemic has
been extensively discussed in the literature, prompting calls for further
investigations into the long-term impact6,19.

This discourse gains additional support from the findings presented by
Rocha et al.33, which highlight the increase in the number of intensive care
beds across various municipalities following the onset of the pandemic.
However, despite this augmentation, a decline in CVD hospitalizations was
observed. The rise in CVD-related deaths occurring at home and other
locations, as suggested by Orellana et al.34,35, Brant et al.36 and the Mortality
InformationSystem(MIS, 2021),may indicate potential delays in initial care
due to circulation restrictions and strain on the healthcare system. This
underscores the importanceof incorporating this variable into future studies
examining the location of CVD deaths during the Covid-19 pandemic.

Additionally, during the first year of the pandemic (2020), internal
migration may have impacted hospitalizations and deaths related to
COVID-19 and CVD. However, Lorenz et al.37 highlighted that internal
migration within São Paulo state primarily involved a minority of high-
income individuals. This underscores the importance of incorporating these
variables into future studies examining the location of CVD deaths and the
impact of migration during the Covid-19 pandemic.

Despite a similar reduction in CVD hospitalizations across all ethnic
groups, there was a notable increase in hospital deaths among Black or
Brown individuals during the pandemic compared to the White group.
These results are in accordance with previous Brazilian studies that have
consistently found higher CVD mortality rates among Black and Brown
individuals4,38. These findings align with similar studies conducted in North
America, which examined the effects of social resources on stroke survivors
in New York and racial disparities in ischemic stroke subtypes in Los
Angeles39,40. The more considerable increase in the average number of
deaths among Black and brown individuals, as observed in our study, may
reflect the heightened severity of the disease, potentially stemming from
socioeconomic disadvantages and limited access to healthcare services,
which might have been exacerbated during the Covid-19 pandemic6,19,41.

The observed increase in the average number of CVD deaths among
the elderly aligns with previous findings that indicate higher mortality rates
with advancing age7. In contrast, we observed a 14% increase in deaths
among young individuals aged 20 to 29 years, particularly in the ischemic
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subtype. This unpredicted finding could potentially be attributed to the
thromboembolic effects associated with Covid-196,42–44.

Conversely, Lorenz et al.37 associated the start of the vaccination
campaign for the elderly (January 2021) and the relaxation of circulation
restriction measures with an increase in Covid-19 deaths in the younger
population (aged 20 to 59 years). In this context, Freitas et al.45 analyzed that

different variants could alter the pattern of Covid-19 mortality among age
groups, as well as change its profile of pathogenicity and virulence.

The unexpected findings of increased mortality from CVD in young
individuals warrant further investigation into the pathophysiology of CVD
in this specific age group, considering its subtype, risk factors, and the
particularities of COVID-19 in this population.

Month

Month

Hospital deaths CVD

Hospitaliza�ons CVD

B

A

feb apr
may aug sep

oct dec feb apr
may aug sep

oct dec

Period APC Lower (CI 95%) Upper (CI 95%)

jan-2020 to dec 2020 0.56 -0.362 1.501

dec 2020 to feb 2021 -5.16 -11.470 1.589

*feb 2021 to dec 2021 2.52 1.438 3.629

Period APC Lower (CI 95%) Upper (CI 95%)

jan-2020 to apr2021 0.30 -0.035 0.645

*mar 2021 to  jul2021 3.76 1.504 6.082

*jul2021 to dec 2021 -4.59 -6.062 -3.097

Fig. 1 |Monthly trends in hospitalizations and hospital deaths from cerebrovascular disease (CVD) in São Paulo, Brazil (January 2020–December 2021). ATime series
of CVD hospitalizations. B Time series of CVD hospital deaths. Note: gray area = significant APC values; Dataset: Supplementary Data 1.
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Additionally, socioeconomic factors may have played a role, as many
young individuals lost their jobs during the pandemic, with this age group
often being considered economically active46,47. The impact of deaths among
economically active individuals in the most populous state of Brazil could
compromise theworkforce of a region that functions as the country’s largest
economic center.

When examining the monthly percentage changes in CVD hospitali-
zations and hospital deaths during the Covid-19 pandemic, we identified an
increase in both outcomes among individuals aged 60 years or more, a
reduction in hospitalizations among theWhite population, and an increase
in deaths among the Black and Brown populations during the corre-
sponding period in 2020. Previous literature emphasized the importance of

≥

≥

Hospital deaths CVD

Hospitaliza�ons CVD

Hospital 
deaths

years

years 

years

years 

Hospitaliza�ons

B

A
Period APC Lower (CI 95%) Upper (CI 95%)

*jan-2020 to mar 2021 <60 -6.43 -15.780 3.957

*mar 2021 to oct 2021 <60 3.31 -4.101 11.310

*oct 2021 to dec 2021 <60 -1.47 -2.849 -0.073

jan 2020 to mar 2020 ≥60 -0.48 -0.888 -0.078

mar 2020 to oct 2020 ≥60 2.87 1.563 4.202

*oct 2020 to dec 2021 ≥60 -34.21 -40.340 -27.440

Period APC Lower (CI 95%) Upper (CI 95%)

jan-2020 to fev 2020 <60 -1.20 -14.500 14.170

fev2020 to oct 2021 <60 0.36 -0.027 0.7517

*oct 2021 to dec 2021 <60 -47.97 -56.410 -37.890

*jan 2020 to apr 2021 ≥60 0.62 0.280 0.974

*apr 2021 to aug 2021 ≥60 5.34 3.501 7.212

*aug 2021 to dec 2021 ≥60 -20.30 -22.450 -18.100

Fig. 2 | Monthly trends in hospitalizations and hospital deaths from cere-
brovascular disease (CVD), stratified by age group, in São Paulo, Brazil (January
2020–December 2021). A Time series of CVD hospitalizations by age group.

B Time series of CVD hospital deaths by age group. Note: gray area = Significant
APC values; dataset: supplementary data 2–5; Script analysis: Supplemen-
tary Data 6.
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equitable access to information and healthcare resources for vulnerable
populations during the pandemic. Santos et al.48 highlighted the impact of
Covid-19 containment efforts in the context of socioeconomic and racial
inequality, particularly in the first pandemic year.

In 2021, there was a significant overall increase in monthly percentage
change in CVD hospitalizations, albeit with delays in increments among
different age strata and Black and Brown individuals. Several contributing
factors could be considered for the global increase, such as the reorganiza-
tion of the healthcare system after the first year of the pandemic with more

available hospital beds48,49, the use of telemedicine for clinical management
of covid-19 mild cases50,51, flexibilization in circulation restriction
measures52,53, and the potential impact of new virus variants and immuni-
zation against Covid-19 on the clinical manifestation of CVD54–57.

The association between SARS-CoV-2 infection and CVD hospitali-
zations and deaths appears to exist, predominantly observed during periods
of higher incidence of SARS-Cov-2 infection, such as the secondwave in the
beginning of 2021. The available literature is scarce regarding CVD trends
throughout 2020 and 2021.However, therewere descriptions from the early

Fig. 3 | Monthly trends in hospitalizations and hospital deaths from cere-
brovascular disease (CVD), stratified by skin color, in São Paulo, Brazil (January
2020–December 2021). A Time series of CVD hospitalizations by skin color group.

B Time series of CVD hospital deaths by skin color group. Note: gray area =
significant APC values; dataset: supplementary data 7–10; script analysis: supple-
mentary data 11.
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periods of 2020 that support our findings, emphasizing the importance of
continued observation over time23,25,58,59.

In this scenario, there is an international acknowledgment of the need
to reassess clinical decision-making and public policies in developing
countries, aiming to implement best practices in managing CVD when
dealing with public health crises, such as the covid-19 pandemic13,46,59. It is
crucial to investigate socioeconomic indicators, regional and ethnic

disparities in healthcare coverage and access, and the continuity of care for
chronic non transmissible diseases (CNCD) during pandemic situations,
closely linked to CVD incidence and mortality.

It is important to acknowledge the limitations of this study. Firstly, the
hospital information system, primarily designed forfinancial purposes,may
have been prone to underreporting. This potential underreporting, along
with delays in notifications, could explain sudden drops observed in the

Hospitaliza�ons CVD

Hospital Deaths CVD

Hospitaliza�ons

Hospital 
deaths

Hemorragic

Ischemic

Hemorragic

Ischemic

B

A
Period APC Lower (CI 95%) Upper (CI 95%)

jan-2020 to mar 2020 Hemorragic -1.49 -20.410 -21.920

mar 2020 to aug 2021 Hemorragic 0.73 0.082 1.399

*aug 2021 to dec 2021 Hemorragic -15.00 -17.990 -11.900

*jan 2020 to mar 2020 Ischemic -23.54 -31.490 -14.680

mar 2020 to aug 2021 Ischemic 1.33 0.587 2.091

*aug 2021 to dec 2021 Ischemic -4.58 -8.029 -1.020

Period APC Lower (CI 95%) Upper (CI 95%)

jan-2020 to mar 2020 Hemorragic 8.02 -17.800 41.970

mar 2020 to aug 2021 Hemorragic 0.92 -0.003 1.853

*aug 2021 to dec 2021 Hemorragic -14.93 -20.080 -9.440

jan 2020 to apr 2021 Ischemic -0.72 -2.293 0.8681

apr 2021 to sep 2021 Ischemic 4.97 -1.422 11.790

*sep 2021 to dec 2021 Ischemic -25.06 -38.770 -8.265

Fig. 4 | Monthly trends in hospitalizations and hospital deaths from cere-
brovascular disease (CVD), stratified by classification type, in São Paulo, Brazil
(January 2020–December 2021). A Time series of CVD hospitalizations by

classification type.BTime series of CVD hospital deaths by classification type. Note:
Gray area = Significant APC values; dataset: supplementary data 12–15; script
analysis: supplementary data 16.
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stratified pattern during the last quarter of 2021 for all evaluated outcomes.
Secondly, our results might be affected by completeness failures due to the
large volume of data during the pandemic.

The elevated number of events attributed to unspecified CVD could be
a result of this scenario. However, São Paulo boasts a high-quality standard
of routinely-collected data, such as the hospital information system. The
study’s sample size and time series surpassed that of previous studies, most
of which were conducted in the early stages of the pandemic or at local
healthcare units.

The third limitation concerns the use of raw data stratified by age
instead of age-standardized rates in the descriptive analyses. From 2015 to
2020, population estimates and censuses in the state of São Paulo showed a
proportional increase in the population aged 60 years and older, from13.2%
to 15.3%, respectively60,61. Despite the results not being presented by stan-
dardized rates, we found a proportional reduction in the raw values of
hospitalizations and hospital deaths across all age groups.

Furthermore, there is acknowledgment in the literature of the need to
investigate CVDs during the Covid-19 pandemic. However, studies have

focused on the early stages of the pandemic17,20 or on local healthcare ser-
vices with smaller populations in comparison to the state of São Paulo21,23.
Our study makes a valuable contribution by taking these challenges in a
wider and more densely populated setting.

Based on our findings, the Covid-19 pandemic may have influenced a
reduction in hospitalizations for CVD, with an increase in hospital deaths
over the study period. In 2021, there were improvements in healthcare due
to vaccination, restructuring of the health system, and follow-up of CNCDs.
Despite this improvement in 2021, we can still identify the most affected
subgroups andhighlight disparities in deaths based on skin color, aswell as a
higher occurrence among youth and the elderly. The elevated proportion of
unspecified CVD also suggests a vulnerability in accessing health resources,
exacerbated by the Covid-19 pandemic.

These findings enrich the existing knowledge base, especially for the
most influential state inLatinAmerica, and canprovide valuable insights for
future actions in management of CVDs, which is particularly relevant
considering the potential emergence of new outbreaks of Covid-19 and
other pandemics.

Fig. 5 | Time series of SARS-CoV-2 infection cases and cerebrovascular disease
(CVD) hospitalizations in São Paulo, Brazil (February 2020–December 2021).
Black circle: period of social isolation greater than 45%. Blue area:first wave of SARS-
CoV-2 infections. Orange area: second wave of SARS-CoV-2 infections. Blue line:

hospital deaths due to cerebrovascular disease (CVD). Orange line: cases of SARS-
CoV-2 infection. Green triangle: start date of COVID-19 vaccination. Note:
p value = 0.05; correlation coefficient = 0.40; Confidence interval = 0.025|0.691;
dataset: supplementary data 1.

Fig. 6 | Time series of SARS-CoV-2 infection cases and cerebrovascular disease
(CVD) hospital deaths in São Paulo, Brazil (February 2020–December 2021).
Black circle: period of social isolation greater than 45%. Blue area:first wave of SARS-
CoV-2 infections. Orange area: second wave of SARS-CoV-2 infections. Blue line:

hospital deaths due to cerebrovascular disease (CVD). Orange line: cases of SARS-
CoV-2 infection. Green triangle: start date of COVID-19 vaccination. Note:
p value = 0.02; correlation coefficient =−0.54; confidence interval: −0.820|−0.071;
dataset: supplementary data 1.
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Data availability
The data on eligible CVD admissions and deaths is anonymous and
publicly available on the website https://tabnet.datasus.gov.br/, accessed
on 02/15/2023. SARS-CoV-2 infection records reported to the State Data
Analysis System Foundation (SEADE) are freely available at https://www.
seade.gov.br/coronavirus/, accessed on 11/15/2022. The periods of cir-
culation restrictions are publicly available at https://www.saopaulo.sp.
gov.br/coronavirus/isolamento/, accessed on 11/15/2022. The source
data for Figs. 1, 5, and 6 is in Supplementary Data 1. The source data for
Fig. 2 is in Supplementary Data 2–5. The source data for Fig. 3 is in
Supplementary Data 7–10. The source data for Fig. 4 is in Supplementary
Data 12–15.

Code availability
The script analysis for Fig. 2 is in Supplementary Data 6. The script analysis
for Fig. 3 is in Supplementary Data 11. The script analysis for Fig. 4 is in
Supplementary Data 16.
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