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Abstract

Brazil has been heavily impacted by COVID-19. We use data on reported total deaths in 2020 

and in Jan-Apr 2021 to measure and compare the death toll across states. We estimate a decline 

in 2020 life expectancy at birth (e0) of 1.3 years, a mortality level not seen since 2014. The 

reduction in life expectancy at age 65 (e65) in 2020 was 0.9 year, setting Brazil back to 2012 

levels. The decline was larger for males, widening by 9.1% the female-male gap in e0. Among 

states, Amazonas lost 60.4% of the improvements in e0 since 2000. In the first four months of 

2021, COVID-19 deaths represented 107% of the total 2020 figures. Assuming that death rates 

would have been equal to 2019 all-cause rates in the absence of COVID-19, COVID-19 deaths 

in 2021 have already reduced e0 in 2021 by 1.8 years, which is slightly larger than the reduction 

estimated for 2020 under similar assumptions.

Introduction

As of June 9, 2021, COVID-19 has officially claimed more than 3.7 million lives worldwide, 

48% of which were in the Americas. The actual death toll is likely to be higher due to 

deficient surveillance, limited testing that prevented proper diagnosis, issues of compliance 

with protocols for reporting a suspected COVID-19 death, and location of the death 

(e.g., at home)1,2. Together, the United States and Brazil account for 28% of the world’s 

death toll and 59% of the Americas’. In both countries, the pandemic response in 2020 
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was disparate regionally, with lamentable national coordination3,4, resulting in a high and 

unequal mortality burden5,6. Brazil continues to face a challenging situation. April 2021 was 

the deadliest month since the pandemic began: nine capital cities reported more deaths than 

births, and by April 25th, the number of COVID-19 deaths in 2021 surpassed that reported in 

2020.

The consequences of that death toll can be measured by life expectancy at birth (e0), which 

indicates the average number of years a newborn would be expected to live if born in 

a specific year and subject to the prevailing mortality rates in that year throughout life. 

Changes in e0 can reflect differences in expected longevity between two periods, such as 

prior to versus during a pandemic. For example, the 1918 influenza pandemic was estimated 

to have reduced e0 in the United States by 7 to 12 years7. Mortality due to COVID-19 

is estimated to have reduced the United States e0 by 1.13 years, setting it back to values 

observed in 20038.

Similarly, given the higher risk of dying from COVID-19 at older ages5, the death toll can 

be measured by life expectancy at age 65 (e65), defined as the average number of years a 

65-year-old would be expected to live if subject to the underlying mortality rates for ages 65 

and above in a specific year.

Considering the large COVID-19 death toll in Brazil, with marked regional inequalities, our 

goal is to quantify the loss in e0 and e65 in 2020 and in the first four months of 2021 due 

to the pandemic. Estimates are presented by sex and by state, and we measure and compare 

changes across states and in female-male gaps in life expectancy. A summary of findings 

and implications of these estimates are shown in Table 1.

Before COVID-19, e0 in Brazil lagged behind many countries in Asia, Europe, and the 

Americas. In Latin America, at least four countries experienced secular mortality declines 

at earlier dates: Argentina, Uruguay, Costa Rica, and Cuba9. Between 1945 and 2020, e0 in 

Brazil increased from 45.5 to 76.710, an average of almost five months per calendar year. 

Similar to Brazil, many other countries in Latin America experienced a relatively fast pace 

of mortality improvement during this period, benefitting from the public health and medical 

progress of their forerunners9,11.

Results

Decline in life expectancy at birth and at age 65 in 2020

Based on the total number of deaths reported in Brazil in 2019 and 2020, we constructed 

period life tables and calculated the difference in life expectancy between 2019 and 2020 by 

state and sex (Methods). We estimated a reduction of 1.31 years in e0 from 2019 to 2020 

(Fig. 1a, Supplementary Table 1, Methods), with a larger drop for males (1.57 years) than 

females (0.95 years). The highest absolute and relative decline among states was estimated 

for Amazonas, 3.46 years, followed by Amapá (3.18 years), and Pará (2.71 years), all in the 

North region. Rio Grande do Sul, in the South, was the only state with an estimated increase 
in e0 from 2019 to 2020 for both sexes, 0.07 year, but a decline for males of 0.11 year.
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We also estimated changes in e65 (Fig. 1b, Supplementary Table 2)5. The estimated decline 

for Brazil was 0.94 year for both sexes, 0.66 for females, and 1.17 for males. Across states, 

the largest declines were estimated for Amazonas (3.14 years), Amapá (2.46 years), and 

Pará (2.44 years). Life expectancy at age 65 years declined by a larger percentage for 

males than females in all states, reflecting mens’ higher risks of dying from COVID-195. In 

Amazonas, male e65 was estimated to decline by 20% from 2019 to 2020.

On average, larger declines in e0 and e65 were estimated in the North and smaller in the 

South regions (Fig. 1c), broadly mirroring the patterns across states (Fig. 1d). States in 

the North and Northeast have the worst indicators of income inequality, poverty, access 

to infrastructure, and availability of physicians and hospital beds12,13. In the Northeast, 

however, the estimated decreases in life expectancy in 2020 are smaller than in the North. 

Governors in that region imposed the most rigorous measures of physical distancing, in 

direct opposition to recommendations from the President14. The South was the last region 

to be severely hit by COVID-19 in 2020,15 producing the relatively small estimates of life 

expectancy decline.

Following multiple decrement life table methods previously used to measure the effect 

of COVID-19 on life expectancy8,16,17, we calculated two additional sets of estimates 

of life expectancy decline: (1) the difference between 2020 life expectancy estimated 

above and a scenario in which COVID-19 mortality has been eliminated from 2020 

(DT20; Supplementary Tables 3 and 4, Methods); and (2) the difference between 2019 

life expectancy estimated from 2019 death records and a scenario in which 2019 all-cause 

mortality has been inflated to include COVID-19 mortality (DT19; Supplementary Tables 

5 and 6, Methods). Both methods resulted in larger estimates of life expectancy decline 

compared to the difference between 2019 and 2020 period life tables (Supplementary Tables 

1 and 2): e.g., for Brazil (both sexes), the decline in e0 was estimated at 1.92 years (DT20) 

and 1.67 years (DT19) versus 1.31 years (difference between 2019 and 2020 life tables).

The main results presented in the text are based on differences between the 2019 and 

2020 life tables, for two primary reasons. First, differences in these period life expectancies 

capture both direct and indirect mortality effects of COVID-19 in 2020. Death rates from 

non-COVID-19 causes in 2020 likely changed between 2019 and 2020, decreasing for some 

causes (e.g., from reduced exposure to other infections) and increasing in others (e.g., from 

delayed or foregone health care or overburdening of the health care system). DT19 and 

DT20 assess the impact of including and excluding, respectively, only deaths for which 

COVID-19 was listed as the underlying cause on the death certificate. Second, in contrast 

to DT19 and DT20, the method based on the difference in life expectancy between 2019 

and 2020 makes no assumption about independence of causes of death (i.e., that the risks 

of dying from other causes are unaffected by the addition or elimination of COVID-19 

mortality), an assumption that was almost certainly violated during the pandemic.

Changes in the sex and state gaps in life expectancy

We compared the gap in life expectancy between males and females in the period life tables 

constructed for 2019 and 2020 (Methods). Our results point to an overall widening of the 

female-male gap in e0 of 0.6 year in Brazil (9.1% increase). In Amapá, the female-male gap 
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is estimated to increase by 2.1 years, the highest among the states (Fig. 2a, Supplementary 

Table 7). Larger relative female-male gaps were estimated for e65, an increase of 16.3% in 

2020 for Brazil, and 107% increase in Amapá.

We also calculated state inequalities in life expectancy, measured as the difference between 

the lowest and the highest state life expectancy, to assess changes due to COVID-19 

(Methods). The state gap remained roughly the same for both e0 and e65 (Fig. 2b). Also, the 

states with extreme values changed only for e65 for both sexes, with the lowest shifting from 

Roraima in 2019 to Amazonas in 2020. As high life expectancies are predominantly in the 

South region and the lowest are in the North, these results suggest that COVID-19 mortality 

reproduced regional inequalities, reflecting the pandemic’s disproportionate burden among 

vulnerable groups5 but also spatial patterns of COVID-19 spread18.

Impact on improvements in life expectancy from 2000 to 2020

We quantified the effect of COVID-19 on reversing the progress in mortality reduction since 

2000 (Methods). Of the gains achieved in e0 in Brazil over two decades, 19% were lost due 

to COVID-19 (Supplementary Table 8). Among the states, Amazonas lost approximately 

60% for both sexes, and 68% among males. In 15 states (including the entire Southeast 

region), this loss was higher among males (Fig. 3a). A much higher loss was estimated 

for e65, 29% for both sexes in Brazil (Supplementary Table 9). Among males, two states, 

Amazonas and Pará, both in the North region, lost all that was gained over two decades (Fig. 

3b).

As a result, estimated e0 in Brazil in the presence of COVID-19 reflects levels observed 

in 2014 (Supplementary Table 10). Among the states, the largest setback was estimated for 

Amazonas and Pará (levels of 2006 for both sexes, 2008 and 2010 for females, and 2005 

and 2002 for males). The estimated setback for e65 was overwhelming, equalling values last 

observed as far back as the early 2000s in most states in the North region, and prior to 2000 

in Amazonas, Pará and Goiás.

Provisional decline in life expectancy in 2021

In just the first four months of 2021 Brazil surpassed the number of COVID-19 deaths 

during all of 2020. This was the case for 12 of the 27 states (Fig. 4a). Therefore, we 

estimated the provisional decline in life expectancy in 2021 thus far; this estimate is based 

on the DT19 method noted earlier, but in this case adding confirmed 2021 COVID-19 deaths 

to the deaths expected among those who did not die of COVID-19, who are assumed to be 

subject to 2019 mortality rates for the remainder of 2021 (Supplementary Table 11).

The estimated decline in 2021 e0 is 1.78 years (1.86 years for males and 1.64 years for 

females). Because the 2021 estimates are based on deaths that occurred in only a 4-month 

period, the magnitudes of declines are not directly comparable with those for 2020 using the 

DT19 method (Supplementary Tables 5 and 6). However, for a given year, we can identify 

states with the largest reductions. Among the states, Amazonas, Rondônia, Roraima, and 

Mato Grosso, had the largest declines in e0 in both 2020 and 2021 (Figs. 4b and 4c). For 

e65, the decline in 2021 was estimated at 1.05 years for both sexes (Fig. 4d). As with 2020, 

for both e0 and e65, the lowest declines in 2021 were concentrated in the Northeast, while 
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the South, which had relatively smaller declines in 2020, is estimated to have a much greater 

loss in 2021.

Discussion

Our results quantify the effect of the COVID-19 death toll on life expectancy in Brazil. We 

show that life expectancy in the presence of COVID-19 is equivalent to levels observed 

in Brazil as far back as 20 or more years in some states. We calculate three sets of 

estimates of life expectancy decline, but argue that those based on the difference in life 

expectancy between 2019 and 2020, which include all reported deaths in those two years, 

are the most defensible because they do not depend on accurate classification of cause 

of death, determination of whether the death was directly or indirectly due to COVID-19, 

or assumptions about independence among causes. Nevertheless, the estimates may still 

suffer from incomplete and/or delayed reporting of deaths, especially those for 2021, with 

potential variation in completeness across states. It is also the case that the difference in 

life expectancy between 2019 and 2020 could encompass secular changes unrelated to the 

pandemic. We surmise that the estimates derived from the decrement life table techniques 

(DT19 and DT20) are higher than those reported in the text because of additional biases 

related to violation of the assumption of independence between COVID-19 and other causes 

and misdiagnosis of cause of death.

When intense shocks like a pandemic or war occur, life expectancy drops but often rebounds 

quickly. This was the case with the 1918 influenza pandemic in the United States, when 

e0 in 1919 was higher than in 1917, likely due in part to selective mortality of individuals 

with tuberculosis19. We argue that, in the case of COVID-19 in Brazil, the rebound will not 

happen in 2021, and the pre-pandemic trajectory of annual gains in e0 will likely slow down. 

We offer five reasons as to why.

First, we estimate that COVID-19 deaths in the first four months of 2021 have already 

reduced e0 by 1.8 years, and the ultimate impact on 2021 e0 will be even greater. After 

recording the highest number of monthly COVID-19 deaths in April, 2021, transmission 

remains extremely high, with about 2,000 daily deaths but a very slow immunization rollout. 

As of May 25, 2021, 20 of the 27 capital cities have intensive care unit (ICU) occupancy 

above 80% (half of those above 90%)20. As of May 29, 2021, the number of COVID-19 

deaths in Brazil was 137% of those reported in 2020; in Amazonas, for every COVID-19 

death in 2020 there have been 1.5 deaths in 2021. Manaus, Amazonas’ capital, observed 

a very high attack rate after the first wave of the pandemic in 202021. In January 2021, 

Manaus witnessed one of the most tragic scenarios of overwhelmed hospital capacity, 

running out of not only hospital beds but also oxygen22. A new variant of concern (P.1, 

now called Gamma), which emerged in the city in November 2020, is estimated to be 

1.4–2.2 times more transmissible than other lineages, and at least 17% of the P.1 infections 

in Manaus in 2021 were reinfections23,24. As of May 23, 2021, P.1 was the most prevalent 

strain in the country (92% of the samples analyzed)25. Also, in May 2021, the first case of 

the Delta variant (B.1.617.2), first detected in India, was reported in Brazil26.
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Second, COVID-19 disrupted primary care services in Brazil27. This compromised 

screening for cancer, with a reduction of about 35% in new diagnoses28. Child immunization 

was reduced, particularly among impoverished children in the North region29. Disruption 

in treatment and diagnosis of tuberculosis and HIV may increase mortality over the next 

five years30. Overall health conditions of individuals with diabetes worsened in 2020 due to 

reduced physical activity, postponement of medical appointments, and interruption in regular 

drug treatment31. These are some examples of deteriorating health conditions that not only 

will generate a higher demand for health care services but may also affect future mortality 

patterns.

Third, reports of long-term consequences of COVID-19 among survivors continue 

to emerge,32,33 including fatigue and neurological, pulmonary, and cardiovascular 

complications, among others. A large study showed a higher risk of death six months after 

COVID-19 diagnosis, even among those who did not require hospitalization34. Therefore, 

COVID-19 sequelae may shorten individual life span.

Fourth, the economic crisis that hit Brazil in 2014 has contributed to increases in 

mortality35, poverty, and inequality36. From Apr-Dec 2020, an emergency basic income 

program mitigated the challenges imposed by the pandemic37 (e.g., unemployment), but 

this benefit ended in Dec 2020. While some cities temporarily closed some businesses in 

response to the unprecedented COVID-19 surge in early 2021, no financial support was 

provided from Jan-Mar, 2021. A more limited version of the basic income program was re

established in April 2021. COVID-19 exacerbated inequality, exposing the most vulnerable 

to food insecurity and severe hunger38,39.

Fifth, reductions in the health budget and changes in the health-financing model are likely 

to affect health outcomes40. They may reduce access to and coverage of primary care, and 

increase infant mortality and avoidable deaths. Ultimately, inequality may become worse, 

exacerbating an already distressing scenario due to COVID-19.

In a previous paper, we described the spatiotemporal patterns of the spread of COVID-19 

cases and deaths in Brazil18. We showed that a largely unmitigated pandemic, in a context 

of local inequalities, resulted in a high and unequal mortality burden. The magnitude of the 

COVID-19 death toll was not homogenous across states and was associated with the pattern 

of spread18. We calculated the correlation between the speed of the spread of COVID-19 

deaths (measured by the locational Hoover Index)18 and the decline in e0. We found that the 

faster the speed at which COVID-19 spread across municipalities (a lower locational Hoover 

Index), the larger the changes in e0 (Pearson correlation = −0.724, p<0.001).

In summary, the death toll of COVID-19 in Brazil has been catastrophic. State-level gains in 

longevity achieved over years or even decades were reversed by the pandemic. The lack of a 

coordinated, prompt, and equitable response informed by science, as well as the promotion 

of disinformation, have been the hallmark of the current administration27. In late April, 

2021, a parliamentary commission of inquiry was launched to investigate the government’s 

handling of the pandemic response41. Brazil does not lack a universal health care system, or 

a network of community health agents to target vulnerable communities, or minimum data 
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and a capable cadre of researchers tirelessly advancing knowledge and informing policy. It 

lacks leadership commitment to save lives. After more than 195,000 lives were reported to 

have been lost in 2020 to COVID-19, no policy changes have appeared in 2021. As many 

countries speed up vaccination coverage and witness declines in cases and deaths, Brazil 

lags behind. Without a change in coordination of pandemic response, expansion of testing, 

and a rapid increase in vaccination, Brazil will soon become a serious threat to national 

and global health security42. The consequences, sadly and unacceptably, will continue to be 

measured in human lives lost, and the future demographic consequences may be even worse 

than those reported here.

Methods

Data

We used several data sources to estimate the changes in e0 and e65 due to COVID-19 

by state and sex in Brazil. First, we obtained mid-year population projections for 2018 

to 2020, and abridged life tables estimated for 2000 to 2020 by state, age, and sex 

from the Brazilian Institute of Geography and Statistics (Instituto Brasileiro de Geografia 
e Estatística, IBGE, in Portuguese) (https://www.ibge.gov.br/en/statistics/social/population/

18176-population-projection.html).

Second, we used deaths from all causes by age, sex, cause of death, and state of residence 

provided by the Mortality Information System (SIM) from the Ministry of Health (MoH) 

for 2019 (N = 1,345,543) and 2020 (N = 1,541,556). We removed 2,689 (0.20%) and 2,722 

(0.18%) records in 2019 and 2020, respectively, that did not have information on sex and/or 

age. Records with ill-defined, unspecified or unattended deaths (codes R99 and R98) in 

2020 were treated as non-COVID-19 deaths (4.9% (75,484/1,541,556)).

Third, since local health authorities have 60 days to report deaths from any cause, 

delayed death registration may be an issue in 2021, and thus, for the first four months 

of 2021, we used confirmed COVID-19 deaths as reported by Brasil.io, which compiles 

epidemiological bulletins from the 27 State Health Departments. These records, aggregated 

at the state level, are publicly available by date on the website (https://brasil.io/covid19/). 

We abstracted death data on May 18, 2021, for all states, as reported through April 30, 

2021 (N = 209,458 confirmed COVID-19 deaths). Since these data are not available by 

age and sex, we used de-identified publicly available data on severe acute respiratory 

illness (SARI) hospitalizations from the Influenza Epidemiological Surveillance Information 

System (Sistema de Informação de Vigilância Epidemiológica da Gripe, SIVEP-Gripe, in 

Portuguese). The dataset provides the age and sex structure of hospitalized COVID-19 

deaths, and frequent updates are made publicly available by the Ministry of Health (https://

opendatasus.saude.gov.br/nl/dataset). Since in-hospital COVID-19 deaths represent 89% of 

all COVID-19 deaths reported in 2021, we use them to proxy for the age-sex distributions of 

all COVID-19 deaths.

Castro et al. Page 7

Nat Med. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.ibge.gov.br/en/statistics/social/population/18176-population-projection.html
https://www.ibge.gov.br/en/statistics/social/population/18176-population-projection.html
https://brasil.io/covid19/
https://opendatasus.saude.gov.br/nl/dataset
https://opendatasus.saude.gov.br/nl/dataset


Estimating total deaths

To estimate total deaths in the presence of COVID-19, we used different methodological 

approaches. For 2019 and 2020, our estimates include deaths from all causes registered 

in SIM. For 2021, as the base-case scenario, we calculated the number of deaths that 

would occur in the absence of COVID-19 ( Dn
*

x). To do this, we multiplied the age group- 

and sex-specific mortality rates from 2019 from each state by the corresponding projected 

population for March 2021. Next, we estimated total 2021 deaths including COVID-19 

confirmed deaths ( Dn xCOV ) reported by Brasil.io. Here, we assumed that individuals who did 

not die of COVID-19 in the first four months of 2021 would be subject to the 2019 age 

group- and sex-specific mortality rates. Thus, we estimated total deaths in 2021, inclusive of 

COVID-19 deaths, as:

Dn x = Kn x − Dn xCOV )( Mn* x + Dn xCOV

where nDx is the number of deaths estimated to occur in 2021 in the age range x to x + n, 

nKx is the population at risk in the age range x to x + n, Mn
*

x are age-specific mortality rates 

in the absence of COVID-19 (assumed to be 2019 mortality rates), and Dn xCOV  is the number 

of confirmed COVID-19 deaths. For all intervals except ages 0–1, 1–5, and 90+, the interval 

length n is five years wide.

Estimating person-years lived and period rates

Estimates of period mortality rates require an estimate of the population exposed to the 

risk of dying. Usually, the mid-year population is a good approximation of person-years 

lived during the year. However, in the presence of COVID-19, this assumption may not hold 

since deaths were unevenly distributed over the year. Also, demographic projections did not 

account for the pandemic context and may have overestimated population size.

To calculate person-years for 2020, we first interpolated population projections, assuming 

exponential growth by age, sex, and state, for the first day of each month in 2020. We 

assumed that those dying in a given month from any cause contributed, on average, 0.5/12 

person-years, whereas the contribution of survivors was 1/12 person-years. To compute 

the total persons-years lived for 2020, we added the monthly contributions. To avoid 

inconsistencies between life tables estimated for 2019 and 2020, we applied the same 

methodology to 2019. We approximated the population at risk in 2021 by interpolating 

IBGE population projections to the mid-analysis period (March 1, 2021).

Changes in life expectancy

We used three approaches to assess changes in life expectancy due to COVID-19. First, as 

our main specification, we constructed period life tables that considered deaths by state, 

sex, and age group. We used death rates from all causes (including COVID-19) to calculate 

single decrement life tables in 2019 and 2020. We did not make any corrections for the 

under-registration of deaths. Over the last decades, the completeness of death registration 

has improved steadily in Brazil43, and data completeness is likely to be similar for 2019 
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and 2020. Therefore, our estimates would not be seriously affected by missing deaths unless 

a different pattern of errors emerges in 2020. To the extent that correction factors are 

approximately equal for 2019 and 2020, our estimates are not seriously affected by missing 

deaths. For each state and sex, we calculated the difference between the two life tables to 

estimate reductions in e0 and e65 due to COVID-19 (Supplementary Tables 1 and 2). We also 

used these period life tables to calculate the female-male gap in e0 and e65 (Supplementary 

Table 7); the difference between the highest and lowest state life expectancies; the loss due 

to COVID-19 relative to increases in e0 and e65 (by sex and state) over the past two decades 

(2000 to 2020) (Supplementary Tables 8 and 9); and the setback in life expectancy due to 

COVID-19 identified by the years when the life expectancies estimated for 2020 and 2021 

were last observed (Supplementary Table 10).

Second, we calculated cause-deleted life tables for 2020 (DT20), which examine the 

consequences of eliminating COVID-19 mortality from 2020 deaths44. We calculated nRx, 

the age- and sex-specific ratio of deaths from all-causes other than COVID-19 to deaths 

inclusive of COVID-19.

Third, for both 2020 and 2021, we calculated life tables based on the addition of COVID-19 

mortality to the mortality pattern of 2019 (DT19). Prior studies have used this approach to 

estimate life tables in the presence of COVID-198,17. For the base-case scenario (absence 

of COVID-19), we used mortality rates reported in 2019, which we treated as cause-deleted 

life tables (i.e., there were no deaths from COVID-19 in 2019), and applied these to the 

population at risk to obtain expected deaths in the absence of COVID-19. Expected deaths 

in the presence of COVID-19 are calculated by assuming that individuals who do not die of 

COVID-19 in 2020 and 2021 are subject to the mortality rates of 2019. For DT19, nRx is 

calculated as the ratio of expected deaths in the absence of COVID-19 to expected deaths in 

the presence of COVID-19.

For both DT20 and DT19, after estimating the ratio of non-COVID-19 deaths to all-cause 

deaths, we then use this ratio to estimate the counterfactual life tables in which COVID-19 

was eliminated and COVID-19 was included, respectively. We made the assumption of 

proportionality between forces of decrement from cause i (or all causes except i) and the 

force of decrement from all other causes combined8,45. (In contrast to this assumption, 

the potential dependence between COVID-19 and other causes might lead to modified 

probabilities of dying from other causes if COVID-19 were eliminated or added as a cause 

of death.) We applied standard life table relationships to complete these counterfactual life 

tables44. We calculated the probability of surviving from age x to age x + n (npx), the 

probability of dying between age x and x + n (nqx), and the average person-years lived in the 

interval by those dying in the interval (nax):

Rn x =
Dn* x
Dn x

npx = e
1
Rn x

* log pn* x
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qn x = 1 − pn x

an x = n + 1
Rn x

*
qn* x
qn x

* an* x − n

a∞ 90 = a∞* 90 * R∞ 90

where * indicates that the measure is from the life table that does not contain COVID-19 as a 

cause of death.

We estimated reductions in e0 and e65 due to COVID-19, for each state and sex, from 

the difference between the 2020 period life table and the DT20 estimates (Supplementary 

Tables 3 and 4), between the 2019 period life table and the DT19 estimates for 2020 

(Supplementary Tables 5 and 6), and between the 2019 period life table and the DT19 

estimates for 2021 (Supplementary Table 11).

We performed all demographic analyses in Microsoft Excel v.16.44, and data cleaning and 

processing in Stata v.15.1 (Stata Corp., College Station, TX, USA) and R v.4.0.0 (R core 

team, 2020). We created data visualizations in R, ArcMap v.10.8 (ESRI; Redlands, CA), and 

Adobe Illustrator CS6.

Data availability

The data required to reproduce the results presented in this manuscript are available at 

https://github.com/mcastrolab/Brazil-Covid19-e0-change/tree/main/data.

Code Availability

The calculation and figure codes required to reproduce the results presented in this 

manuscript are available at https://github.com/mcastrolab/Brazil-Covid19-e0-change/tree/

main/code.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. Changes in life expectancy by state and sex.
(a) Estimated change in life expectancy at birth in 2020 based on the difference from 

life tables calculated for 2019 and 2020 by state and sex. State acronyms by region, 

North: AC=Acre, AP=Amapá, AM=Amazonas, PA=Pará, RO=Rondônia, RR=Roraima, 

and TO=Tocantins; Northeast: AL=Alagoas, BA=Bahia, CE=Ceará, MA=Maranhão, 

PB=Paraíba, PE=Pernambuco, PI=Piauí, RN=Rio Grande do Norte, and SE=Sergipe; 

Center-West: DF=Distrito Federal, GO=Goiás, MT=Mato Grosso, and MS=Mato Grosso 

do Sul; Southeast: ES=Espírito Santo, MG=Minas Gerais, RJ=Rio de Janeiro, and SP=São 

Paulo; South: PR=Paraná, RS=Rio Grande do Sul, and SC=Santa Catarina. (b) Estimated 

change in life expectancy at age 65 in 2020 based on the difference from life tables 

calculated for 2019 and 2020 by state and sex. (c) Bivariate choropleth map of the estimated 

change in life expectancy at birth and at age 65 in 2020 based on the difference from life 

tables calculated for 2019 and 2020, by state. (d) Number of COVID-19 deaths in 2020 per 

100,000 people by state (Methods).

Castro et al. Page 14

Nat Med. Author manuscript; available in PMC 2022 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig. 2. Changes in gaps of life expectancy at birth and age 65 by state and sex.
(a) Change (in years) in the female-male gap in life expectancy at birth and age 65 based 

on the difference from life tables calculated for 2019 and 2020 by state and sex. Lines 

represent changes for Brazil. Bars, organized by major regions, show changes for the 

states. State acronyms by region, North: AC=Acre, AP=Amapá, AM=Amazonas, PA=Pará, 

RO=Rondônia, RR=Roraima, and TO=Tocantins; Northeast: AL=Alagoas, BA=Bahia, 

CE=Ceará, MA=Maranhão, PB=Paraíba, PE=Pernambuco, PI=Piauí, RN=Rio Grande do 

Norte, and SE=Sergipe; Center-West: DF=Distrito Federal, GO=Goiás, MT=Mato Grosso, 

and MS=Mato Grosso do Sul; Southeast: ES=Espírito Santo, MG=Minas Gerais; RJ=Rio 

de Janeiro, and SP=São Paulo; South: PR=Paraná, RS=Rio Grande do Sul, and SC=Santa 

Catarina. (b) Gap (in years) in state life expectancy at birth and age 65 in 2019 and 2020, 

calculated as the difference between the largest and smallest life expectancy among states 

(Methods). Labels above bars indicate the states with extreme (high, low) life expectancies 

in 2019 and 2020.
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Fig. 3. Loss in life expectancy at birth and at age 65 by state and sex.
Percentage loss due to COVID-19 mortality relative to increases in female and male life 

expectancy at birth (a) and age 65 (b) between 2000 and 2020, by state. States are colored 

according to major regions. State acronyms by region, North: AC=Acre, AP=Amapá, 

AM=Amazonas, PA=Pará, RO=Rondônia, RR=Roraima, and TO=Tocantins; Northeast: 

AL=Alagoas, BA=Bahia, CE=Ceará, MA=Maranhão, PB=Paraíba, PE=Pernambuco, 

PI=Piauí, RN=Rio Grande do Norte, and SE=Sergipe; Center-West: DF=Distrito Federal, 

GO=Goiás, MT=Mato Grosso, and MS=Mato Grosso do Sul; Southeast: ES=Espírito Santo, 

MG=Minas Gerais, RJ=Rio de Janeiro, and SP=São Paulo; South: PR=Paraná, RS=Rio 

Grande do Sul, and SC=Santa Catarina.
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Fig. 4. COVID-19 mortality in 2021 and changes in life expectancy by state and sex.
(a) Ratio of COVID-19 deaths reported in 2021 (Jan-Apr) to those reported in 2020 (%). 

Numbers above 100 indicate more deaths in 2021 than 2020. State acronyms by region, 

North: AC=Acre, AP=Amapá, AM=Amazonas, PA=Pará, RO=Rondônia, RR=Roraima, 

and TO=Tocantins; Northeast: AL=Alagoas, BA=Bahia, CE=Ceará, MA=Maranhão, 

PB=Paraíba, PE=Pernambuco, PI=Piauí, RN=Rio Grande do Norte, and SE=Sergipe; 

Center-West: DF=Distrito Federal, GO=Goiás, MT=Mato Grosso, and MS=Mato Grosso 

do Sul; Southeast: ES=Espírito Santo, MG=Minas Gerais, RJ=Rio de Janeiro, and SP=São 

Paulo; South: PR=Paraná, RS=Rio Grande do Sul, and SC=Santa Catarina. (b) Bivariate 

choropleth map of the estimated change in life expectancy at birth in 2020 and 2021 based 

on the DT19 method (Supplementary Tables 5 and 11). Estimated change in life expectancy 

at birth (c) and age 65 (d) in 2021.
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Table 1.

Policy summary

Background Brazil’s national response to the COVID-19 pandemic has been distressing, resulting in a high and unequal mortality 
burden. The country comprises only 2.7% of the world’s population, but 12.7% of COVID-19 deaths worldwide (as of June 
9, 2021). That death toll will result in substantial reductions in life expectancy in 2020 and 2021 with marked differences by 
sex and by states.

Main findings 
and limitations

Several methods were used to estimate the decline in life expectancy at birth and at age 65. We show that 2020 life 
expectancy in the presence of COVID-19 is equivalent to mortality levels observed in Brazil as far back as 20 or more years 
in some states. The impact on 2021 life expectancy is estimated to be even larger. Despite the assumptions underlying these 
estimates, it is unquestionable that the death toll from COVID-19 in Brazil has been catastrophic.

Policy 
implications

Our findings show that life expectancy in Brazil declined substantially in 2020, is expected to decline even more in 2021, 
and the pre-pandemic trajectory of improvement in life expectancy is likely to slow down at least in next two years. Without 
enhanced coordination of the pandemic response, expansion of testing, and a rapid increase in vaccination, Brazil will 
continue to experience an unbearable loss in human life.
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