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Abstract The scope of this study was to analyze the impact of the COVID-19 pandemic on the incidence of occupa-
tional accidents among beneficiaries of the National Institute of Social Security in Brazil. It was an interrupted time
series study, using data on occupational accidents registered by the National Institute of Social Security from 2015 to
2020. The analysis used the Prais-Winsten generalized linear regression model. The results revealed an immediate re-
duction (f1=-0.02, p<0.05) and a change in trend (f2=-4.46, p<0.05) in the incidence rate of occupational accidents
per 10,000 employment links in Brazil and all its macro-regions when the Public Health emergency was declared due
to SARS-CoV-2. In the months following the declaration of the Public Health Emergency of National Importance due
to COVID-19, the incidence increased (3=0.49, p<0.05), approaching the levels observed before the pandemic. The
average monthly number of accidents decreased from 11.53 to 9.08 per 10,000 employment links after the declaration
of the COVID-19 emergency. These findings indicate that the COVID-19 pandemic has modified the trend and mag-
nitude of the incidence rate of occupational accidents in Brazil.
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Resumo Este estudo teve como objetivo analisar o impacto da pandemia de COVID-19 na incidéncia de acidentes
do trabalho entre os beneficidrios do Regime Geral de Previdéncia Social no Brasil. Trata-se de um estudo de séries
temporais interrompidas, usando dados sobre acidentes do trabalho registrados pelo Regime Geral de Previdéncia
Social de 2015 a 2020. A andlise empregou o modelo de regressdo linear generalizada de Prais-Winsten. Os resultados
mostraram uma redugdo imediata (f1=-0,02, p<0,05) e uma mudanga na tendéncia ($2=-4,46, p<0,05) na taxa
de incidéncia de acidentes do trabalho por 10 mil vinculos de emprego no Brasil e em todas as suas macrorregioes
quando a emergéncia de saiide publica foi declarada devido ao SARS-CoV-2. Nos meses seguintes a declaragdo
da Emergéncia de Satide Publica de Importancia Nacional devido & COVID-19, a incidéncia aumentou (33=0,49,
Pp<0,05), aproximando-se dos niveis observados antes da pandemia. A média mensal de acidentes diminuiu de 11,53
para 9,08 por 10 mil vinculos apds a declaracio da emergéncia de COVID-19. Esses achados indicam que a pande-
mia de COVID-19 modificou a tendéncia e a magnitude da taxa de incidéncia de acidentes do trabalho no Brasil.

Palavras-chave Saiide Ocupacional, Acidentes do Trabalho, Andlise de Séries Temporais Interrompidas, COVID-19

Resumen Este estudio tuvo como objetivo analizar el impacto de la pandemia de COVID-19 en la incidencia de
accidentes de trabajo entre los beneficiarios del Régimen General de Seguridad Social en Brasil. Se trata de un estudio
de serie de tiempo interrumpido, utilizando datos de accidentes de trabajo registrados por el Régimen General de la
Seguridad Social de 2015 a 2020. El andlisis utilizé el modelo de regresion lineal generalizado de Prais-Winsten. Los
resultados mostraron una reduccion inmediata ($1=-0,02, p<0,05) y un cambio de tendencia ($2=-4,46, p<0,05) en
la tasa de incidencia de accidentes de trabajo por cada 10.000 vinculos laborales en Brasil y en todas sus macrorre-
giones cuando se declaré la emergencia de Salud Publica debido a SARS-CoV-2. En los meses posteriores a la decla-
ratoria de Emergencia de Salud Piiblica de Importancia Nacional por COVID-19, la incidencia aumenté ($3=0,49,
<0,05), acercdndose a niveles observados antes de la pandemia. El promedio mensual de accidentes disminuyé de
11,53 a 9,08 por cada 10.000 vinculos laborales tras la declaracion de la emergencia por COVID-19. Estos hallazgos
indican que la pandemia de COVID-19 cambié la tendencia y la magnitud de la tasa de incidencia de accidentes
laborales en Brasil.
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Introduction

The declaration of the coronavirus disease 2019
(COVID-19) as a pandemic in early 2020 led
many governments around the world, including
Brazil, to implement various measures to contain
the spread of SARS-CoV-2. Several actions were
taken, such as the cancellation of large events,
closure of childcare centers and schools, tempo-
rary shutdown of businesses, trade restrictions,
and imposition of travel restrictions, among oth-
ers'.

With the implementation of measures to
contain the virus spread, many organizations had
to temporarily halt their activities, resulting in a
decline in the number of available jobs**. More-
over, many workers had to adopt remote work as
a preventive measure, which brought significant
challenges to their routines and work dynamics®.

After more than three years since its begin-
ning, the World Health Organization declared
the end of the pandemic on May 5, 2023°. This
means that the organization no longer consid-
ers the novel coronavirus a global epidemic.
In Brazil, the Ministry of Health declared the
end of the Public Health Emergency of Nation-
al Importance (ESPIN) related to COVID-19
through Ordinance No. 913, which came into
effect on May 22, 2022°. However, despite the
end of the public health emergency, the effects
of the pandemic will be felt for a long time, and
it is important to understand how it has affected
various aspects of life, including the economy,
employment, and occupational health.

In several countries around the world, the
COVID-19 pandemic has resulted in a reduc-
tion in economic activity, leading to a decrease
in commercial and industrial operations, and
consequently, a reduction in workers’ exposure
to workplace risks. This has led to a temporary
decrease in the incidence of workplace acci-
dents” . Although the effects of the health crisis
on human health have been extensively studied
in Brazil, few researchers have examined its
impact on workplace accidents, and initiatives
aiming to quantify the effect of the COVID-19
pandemic on this phenomenon at a national
level remain scarce.

In this context, aiming to contribute to the
discussion on the impact of COVID-19 on
workers’ health, our objective in this study was
to analyze the impact of the COVID-19 pan-
demic on the incidence of workplace accidents
among beneficiaries of the General Social Secu-
rity System in Brazil through segmented regres-
sion analysis.

Method
Study design

This study utilized an interrupted time se-
ries (ITS) design to analyze the incidence rates
of workplace accidents in Brazil and its mac-
roregions from 2015 to 2020. ITS analysis is
recognized in the literature as the most effective
non-experimental approach for evaluating the
longitudinal effects of interventions and testing
hypotheses about factors that modify the tem-
poral behavior of health-related measures'"'.

Context

This study focused on Brazil as a whole and
its five distinct geographical regions: North,
Northeast, South, Southeast, and Midwest. The
country comprises 27 federal units, and in 2020,
the final year of this research, the economically
active and employed population was estimated
at around 87.2 million people®. Furthermore,
the country had approximately 65.6 million ac-
tive contributors registered in the General So-
cial Security System'*.

Participants

All workplace accidents registered by the
National Institute of Social Security, with or
without a Workplace Accident Report (CAT),
were included in the analysis.

Variables

The data were tabulated for the country and
by macroregion (North, Northeast, Southeast,
South, and Midwest), and the monthly inci-
dence rates of workplace accidents were calcu-
lated using the formula: Incidence Rate = (num-
ber of workplace accidents per territorial unit /
average annual number of employment links in
the territorial unit) x 10,000.

The dependent variable was the monthly
incidence rate of workplace accidents, and the
independent variables included time (months),
level change, trend change, and sine and cosine
functions, as recommended. The sine and co-
sine functions were used to model the seasonal
variation of the phenomenon.

The time series of the indicator were divided
into two segments: the period before and after
the declaration of the Public Health Emergency
of National Importance (ESPIN) due to human
infection by SARS-CoV-2 in Brazil. This divi-



sion aimed to quantify both immediate changes
(level change) and trend changes (slope change).
The “post-intervention” period began in March
2020, the month following the confirmation of
the first case of COVID-19 in the country and
the recognition of ESPIN by the Brazilian gov-
ernment. Thus, the first and second segments
were defined as the 62 months prior to the
COVID-19 pandemic (January 2015 to Feb-
ruary 2020) and the following 10 months after
the declaration of the public health emergency
(March 2020 to December 2020), respectively.

Data sources and measurement

Monthly data on workplace accidents were
collected from the information systems of the
Brazilian Ministry of Social Security for the peri-
od from 2015 to 2020. The data was obtained from
the historical database of the Statistical Yearbook
of Workplace accidents (AEAT InfoLogo, http://
www3.dataprev.gov.br/aeat/inicio.htm),  cat-
egorized by major Brazilian regions, reasons/
situations, consequences, and age groups. The
average number of employment links for each
year, categorized by regions, was collected from
the historical database of the Social Security Sta-
tistical Yearbook (AEPS InfoLogo, http://www3.
dataprev.gov.br/infologo/inicio.htm). These sys-
tems were developed by the Technology and In-
formation Company of the Social Security. They
serve as the main instruments for presenting
data on workplace accidents and employment
links related to insured individuals under the
General Social Security System at the national
level. The database was extracted in May 2023.

Bias

The indicator was stratified by macroregion
to homogenize the groups in terms of exposures
and identify trends and magnitudes of the phe-
nomenon of interest in the administrative re-
gions of Brazil.

Study size

The study encompasses a 72-month series
(January 2015 to December 2020). Only the
first year of the pandemic was included in the
study due to data availability from the source at
the time of collection. However, the number of
observations included in the analysis is in line
with the recommendations of the specialized lit-
erature for time series studies in epidemiology®.

Statistical methods

The generalized linear regression of
Prais-Winsten was employed as it is referenced
in the specialized literature as an appropriate
method for dealing with the serial autocorrela-
tion of a historical data series''>'*. Additional
information on this method can be found in the
methodological guidelines suggested by An-
tunes and Cardoso'.

The regression equation Yi = f0 + B1*time
+ B2*level + P3*trend, augmented with sine
and cosine trigonometric functions, was used.
In this model, B1 represents the pre-pandemic
trend measure, B2 is the level change, i.e., the
immediate impact of the pandemic, and B3 is
the trend change, representing the period after
the recognition of the public health emergency
by COVID-19".

The Durbin-Watson statistic and adjusted R*
were used to assess the adequacy of the models.

To facilitate the visualization of trends and
as recommended'®, standardized ITS graphs
were created to represent the incidence of work-
place accidents before and after the recognition
of the public health emergency.

All statistical analyses were performed using
Stata software, version 17.1.

Ethical aspects

As this study used publicly available data-
bases, it was not necessary to submit the project
to an Ethics Research Committee.

Results

Prior to the pandemic, the national average
incidence rate was 11.53 accidents per 10,000
employment links. The regional averages were
as follows: North (10.16), Northeast (7.72),
Southeast (12.04), South (14.65), and Midwest
(11.53). During the pandemic, the national av-
erage dropped to 9.08 accidents per 10,000 em-
ployment links. The regional averages during
the first year of the COVID-19 emergency were:
North (7.83), Northeast (5.75), Southeast (9.63),
South (11.54), and Midwest (9.08).

Figure 1 presents the evolution of the
monthly incidence rate of workplace accidents
(per 10,000 employment links) in Brazil and its
macroregions from 2015 to 2020.

The trend measures of the pre-pandemic
period (1) indicated differences in the behav-
ior of this indicator among regions before the
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health crisis, but with a general downward trend
in all evaluated areas (Table 1).

The downward trend in the incidence rate
of workplace accidents was interrupted after
the declaration of the public health emergency,
with an immediate impact of the pandemic (2)
on the incidence rate in Brazil and the five ad-
ministrative regions shortly after the start of the
COVID-19 emergency. The magnitude of this
reduction was most pronounced in the South
region (B2=-6.16; p<0.05), followed by the
Southeast (f2=-4.41; p<0.05), Midwest (p2=-
3.76; p<0.05), Northeast (p2=-3.56; p<0.05),
and North (2=-3.29; p<0.05) regions (Table 1).

The effect of the pandemic was significant
(B3=0.49; p<0.05) in changing the trend (p3) of
the incidence rate of workplace accidents in the
country’s regions during the ten months follow-
ing the recognition of the public health emergen-
cy. It indicates that the incidence rate increased,
returning to the magnitude observed in the
pre-pandemic period. The South region showed
the highest increase (p3=0.62; p<0.05), followed
by the Southeast (3=0.49; p<0.05), Northeast
(B3=0.44; p<0.05), Midwest ($3=0.40; p<0.05),
and North (3=0.35; p<0.05) regions (Figure 2).

Seasonal variations were identified in the
incidence rate of workplace accidents in all ana-
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Figure 1. Evolution of the monthly incidence rate of work accidents. Brazil and macroregions, 2015-2020.

Source: Authors.

Table 1. Estimates of the coeflicients of segmented regression for the monthly incidence rate of work accidents
before and after the onset of the COVID-19 pandemic. Brazil and macroregions, 2015-2020.

Territoriality B1 B2 B3 Sine Cosine  Adjusted R> Durbin-Watson
Brazil -0.02* -4.46° 049 -0.46° -0.63° 0.57¢ 2.03
North -0.03* -3.29* 0.35*  -0.63° -0.82¢ 0.62¢ 2.08
Northeast -0.025° -3.56*  0.44* -0.31° -0.21° 0.69¢ 1.99
Southeast -0.02* -4.41* 049 -0.50* -0.61* 0.53¢ 2.02
South -0.01° -6.160  0.62*°  -0.33" -0.94° 0.52¢ 2.00
Midwest -0.00° -3.76 040 -0.66* -0.85° 0.55¢ 2.02

#p<0.05; *p=0.05; p<0.000; B1: estimator of the pre-pandemic trend; p2: estimator of the level change; f3: estimator of the

trend after pandemic recognition.

Source: Authors.
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Figure 2. Interrupted time series analysis of the monthly incidence rate of work accidents before and after
the onset of the COVID-19 pandemic in Brazil (a), in the North region (b), in the Northeast region (c), in the
Southeast region (d), in the South region (e), and in the Midwest region (f), 2015-2020.
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lyzed series, as evidenced by the sine and cosine
trigonometric functions. Generally, the months
of March, June, July, and August had the highest
accident rates, while November and December
had the lowest values of this indicator.

Figure 2 summarizes the results of the inter-
rupted time series analysis of the monthly in-
cidence rate of workplace accidents before and
after the onset of the COVID-19 pandemic in
Brazil and by macroregions. It also presents the
estimates of regression coefficients and the cor-
responding p-value for each variable included
in the segmented regression model.

The goodness of fit was significant for all mod-
els, with R? values >0.52, p<0.000, and the first-or-
der autocorrelation was controlled in all analyses,
with DW values ranging from 1.99 to 2.08.

Discussion

The theme of the different impacts of COVID-19
on the world of work has gained prominence
in both national and international studies'’*’.
Some publications worldwide have examined
the effect of this event on workplace acci-
dents”'°, but research in this area has not been
identified in Brazil and, until the development
of this study, remained scarce.

In 2020, the first year of the COVID-19 pan-
demic, Brazil stood out as one of the countries
most affected by the health crisis in the world,
both in terms of SARS-CoV-2 mortality and job
losses®. The COVID-19 pandemic had a pro-
found impact on the labor market'**. The data
analyzed here revealed a significant decrease
in the incidence rate of workplace accidents in
the country during the year 2020 compared to
the pre-pandemic period. This decrease was
observed shortly after the recognition of the
COVID-19 emergency in the national territory
and was confirmed by interrupted time series
modeling, which identified significant differ-
ences in the trend of work accidents after the
declaration of a public health emergency due to
human infection by SARS-CoV-2 in Brazil.

The nationwide decrease identified in this
study coincides with the first social distancing
decrees and the closure of non-essential busi-
nesses and services, which began to be issued in
mid-March 2020 by municipal and state govern-
ments as community transmission of the virus
intensified*>*. Thus, the immediate reduction in
this indicator reflects the impact of the health
crisis on the world of work and was influenced
by various factors.

Due to the health crisis, there was an unprec-
edented decline in the employed population and
the economically active population®*, a reduc-
tion in economic activity>?, reduced working
hours, layoffs, and contract suspensions (espe-
cially in non-essential sectors), changes in work
patterns such as the adoption of remote work,
flexible hours, team rotation, the adoption of
new forms of work such as e-commerce, deliv-
ery, and remote learning, as well as the adoption
of preventive measures such as social distancing.
All of these measures reduced the number of
workers present at the workplace, consequently
reducing the risks of workplace accidents**>2.

The gradual increase in the workplace ac-
cident rate over the months can be explained
by a combination of factors, from the gradual
resumption of economic activities to the relax-
ation of social distancing measures. Over time,
activities in different sectors were gradually re-
sumed, resulting in a greater number of active
workers and, consequently, an increased risk of
accidents. Additionally, social distancing mea-
sures and the adoption of safety protocols to
prevent the spread of COVID-19 were relaxed
over time, which may have contributed to the
increase in the incidence of workplace accidents
during the first ten months of the public health
emergency studied here"”*. It is also hypothe-
sized that the exposure to workplace risks may
have varied according to the awareness level of
workers and employers during different phases
of the pandemic, which would also justify the
behavior of the indicator. Another factor that
may have influenced this change in trend is the
possible underreporting of COVID-19 cases at
the beginning of the pandemic, which may have
led to an initial underestimation of the inci-
dence rate of workplace accidents. Furthermore,
it is important to consider that the pandemic
overwhelmed various health services, whether
public or private, which may have hindered ac-
cess to medical care and diagnosis for workers
who experienced workplace accidents.

In general, the legal definitions of workplace
accidents and occupational diseases, as well as
the processes of notification and maintenance
of administrative records, differ between coun-
tries and are often not comparable®. However,
a study conducted in Austria also described a
decrease in workplace accidents during the pan-
demic’. In Korea, although workplace accidents
decreased in some professional sectors, there
was an increase in others, such as in the case of
men working in the transportation sector®. In
Turkey, a study also showed a downward trend
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in these occurrences in most economic sectors,
except for the health and transportation sectors,
which experienced an overall increase in acci-
dents during the pandemic®. In Italy, the high-
est number of work compensation claims was
recorded during periods coinciding with waves
of SARS-CoV-2 in 2020, with healthcare tech-
nicians and doctors being the most affected in
terms of workplace accidents complaints®.

The presence of seasonal variation in the
data, i.e., a trend of increase or decrease in the
incidence rate of workplace accidents during
certain periods of the year, may be related to the
so-called “seasonal factor™' and the characteris-
tics of the labor market and environmental con-
ditions in Brazil and its regions*. The analysis of
historical series shows that the months of March,
July, and August have the highest incidence of
workplace accidents, which coincides with the
increase in industrial production in the country,
as revealed by a study on the seasonality of in-
dustrial production in Brazil*®. With increased
demand, the workforce and overtime hours may
increase, leading to an increase in workplace
accidents. At the end of the year, when many
companies reduce production, a decrease in the
analyzed historical series was observed. These
results can help guide public policies and im-
prove workplace accident prevention measures
in specific periods and confirm the thesis that
workplace accidents occur more frequently at
different times of the year™.

Although the pattern change has affected all
regions, it is important to acknowledge that Bra-
zil is a vast and diverse country characterized by
significant geographical, cultural, and econom-
ic differences among its territories. These dis-
tinctions lead to diverse risk scenarios. In pre-
dominantly agricultural regions, for example,
social distancing measures may have been im-
plemented differently from densely populated
urban and industrial areas, influencing the dy-
namics of the labor market and, consequently,
workplace accidents®*?. Other factors, such as
lack of information, varying perceptions of the
severity of workplace accidents, local political
conditions, work organization, ineffective en-
forcement actions, and a “culture of tolerance”
in some places, may have also contributed to
the identified differences in workplace accidents
reporting to social security®*“, accentuating re-
gional disparities.

This study has some limitations that should
be considered. Firstly, the research was based
on secondary data extracted from records that
are subject to underreporting and incomplete-

ness, and only include information on workers
insured by the General Social Security System.
The results exclude civil servants, self-employed
individuals, and those outside the General Sys-
tem, who may be exposed to similar or even
higher occupational risks than the insured.
Self-employed workers, although susceptible to
workplace accidents and occupational illnesses,
are not considered victims of workplace acci-
dents under social security legislation. Further-
more, informal workers lack registration and
access to the benefits of the National Institute
of Social Security. Therefore, the results of this
study do not fully depict the reality of workplace
accidents occurring in the country. Despite this,
these data come from official sources and are
the same ones that have been used to support
social security and welfare public policies in the
country. In this regard, it should be noted that,
to the best of our knowledge, this work is the
first nationwide study to investigate the specific
impact of the COVID-19 pandemic on the inci-
dence of workplace accidents in Brazil.

Secondly, the interrupted time series meth-
od cannot exclude confounding factors that vary
over time and are not part of the underlying
trend, such as other interventions or events that
may be affecting the evaluated outcome'"'>".
However, this method is considered valuable for
measuring the impact of health interventions at
the population level and for evaluating factors
implemented at clearly defined times that mod-
ify the behavior of a variable over time, as was
the case with the COVID-19 pandemic. This
technique is considered one of the most effec-
tive quasi-experimental designs for evaluating
the longitudinal effect of factors that modify
behavior over time in measures of public health
interest'2.

Another limitation is that this study did not
analyze the differences in workplace accident
trends between economic sectors, occupations,
and types of work due to the lack of monthly
disaggregated information for these variables in
the selected data source. Therefore, it is possi-
ble that some occupations or sectors have been
more affected than others and may have shown
different trends in the incidence of workplace
accidents during the health crisis. This lim-
itation highlights the need for future research
to provide specific information on how the
COVID-19 pandemic has affected the risk of
workplace accidents in different economic sec-
tors, occupations, and types of work.

It is also possible that seasonality and peaks
in the incidence of workplace accidents may



vary according to the specific characteristics
of each sector and economic activity, a factor
not explored in this research. For example, in
the agricultural sector, peaks in incidence may
occur during harvest season when there is a
higher demand for labor and more adverse en-
vironmental conditions. In the construction
sector, there may be an increase in the incidence
of workplace accidents during the rainy season,
which can increase the risk of accidents. Addi-
tionally, during holiday periods such as Christ-
mas and New Year, there may be an increased
risk of workplace accidents in the commerce
and services sector due to increased customer
flow and the resulting service demand. These
aspects were not evaluated in this study. Thus,
future research is encouraged to provide addi-
tional information on the seasonal behavior of
workplace accidents in different groups of work-
ers and sectors of the economy, as well as studies
that investigate how the COVID-19 pandemic
has affected the risk of workplace accidents in
different forms of work organization.

Conclusion

This study demonstrated that the COVID-19
pandemic had a significant impact on the
monthly incidence rate of workplace accidents
in Brazil and its macroregions. An immediate
reduction in the incidence rate of workplace ac-
cidents was observed in the country and its five
regions when the State of Public Health Emer-
gency of National Importance was declared due
to SARS-CoV-2. In the following months, the
incidence began to increase, approaching the
levels observed in the pre-pandemic period.
The findings of this study contribute to the
understanding of the effects of the COVID-19
health emergency on the magnitude and trend of
workplace accidents. This can guide governmen-
tal decisions in the areas of occupational health
and safety and support prevention and adapta-
tion measures to address future health emergen-
cies and crisis situations. Further investigations
are necessary to comprehend the impact of the
pandemic on workplace accidents according to
economic activities and professional categories.
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