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Perda Auditiva Induzida por Ruido (PAIR) Relacionada ao Trabalho na Regidao Sudeste do Brasil (2006-2023)
Pérdida Auditiva Inducida por Ruido (PAIR) Relacionada al Trabajo en la Region Sudeste de Brasil (2006-2023)

RESUMO

Objetivo: Este estudo examinou as notificacoes de PAIR na Regiao Sudeste do Brasil, entre 2006 e
2023, avaliando o impacto da Politica Nacional de Salde do Trabalhador e da Trabalhadora (PNSTT),
implementada em 2012. Método: Utilizando dados do Sistema de Informagao de Agravos de Notificagao
(SINAN), foram analisadas variaveis demograficas, condutas adotadas e taxas de incidéncia ajustadas
por populacoes interpoladas. Resultados: Os resultados evidenciaram aumento nas notificacoes apos a
implementacao da PNSTT, com pico em 2016 e redugao até 2023. Sao Paulo e Minas Gerais apresenta-
ram os maiores nimeros, enquanto o Espirito Santo registrou os menores indices. A maioria dos casos
notificados foi de trabalhadores homens, com predominancia dos registros classificados como “incapa-
cidade permanente parcial”. Conclusao: A analise evidencia fragilidades na vigilancia em sadde, como
subnotificacao e registros incompletos, além dos desafios na implementacao de medidas preventivas e
educativas, reforcando a necessidade de ampliar a vigilancia.

DESCRITORES: Perda Auditiva Provocada por Ruido; Ruido Ocupacional; Sistema de Vigilancia em Saud-
de; Vigilancia em Saude do Trabalhador.

ABSTRACT

Objective: This study examined NIHL notifications in the Southeast Region of Brazil between 2006 and
2023, evaluating the impact of the National Worker Health Policy (PNSTT), implemented in 2012. Me-
thod: Using data from the Notifiable Diseases Information System (SINAN), demographic variables, case
evolution, measures taken, and incidence rates adjusted for interpolated populations were analyzed.
Results: The results evidenced an increase in notifications after the implementation of the PNSTT, with
a peak in 2016 and a reduction until 2023. Sao Paulo and Minas Gerais presented the highest numbers,
while Espirito Santo registered the lowest indices. The majority of reported cases were male workers,
with a predominance of records classified as “partial permanent disability.” Conclusion: The analysis
reveals weaknesses in health surveillance, such as underreporting and incomplete records, as well as
challenges in implementing preventive and educational measures, reinforcing the need to expand sur-
veillance.

DESCRIPTORS: Noise-Induced Hearing Loss; Occupational Noise; Health Surveillance System; Occupa-
tional Health Surveillance.

RESUMEN

Objetivo: Este estudio examiné las notificaciones de PAIN en la Region Sudeste de Brasil entre 2006 v
2023, evaluando el impacto de la Politica Nacional de Salud del Trabajador (PNSTT), implementada en
2012. Método: Utilizando datos del Sistema Nacional de Informacion de Enfermedades de Notificacion
Obligatoria (SINAN), se analizaron variables demograficas, comportamientos adoptados y tasas de inci-
dencia ajustadas a poblaciones interpoladas. Resultados: Los resultados mostraron un aumento en las
notificaciones tras la implementacion de la PNSTT, alcanzando un maximo en 2016 y disminuyendo hasta
2023. Sao Paulo y Minas Gerais presentaron las cifras mas altas, mientras que Espirito Santo registro las
tasas mas bajas. La mayoria de los casos notificados fueron trabajadores varones, con un predominio de
registros clasificados como "incapacidad permanente parcial" Conclusion: El analisis destaca debilidades
en la vigilancia de la salud, como el subregistro vy los registros incompletos, asi como desafios en la im-
plementacion de medidas preventivas y educativas, lo que refuerza la necesidad de ampliar |a vigilancia.
DESCRIPTORES: Pérdida Auditiva Inducida por Ruido; Ruido Ocupacional; Sistema de Vigilancia en Salud;
Vigilancia de la Salud del Trabajador.
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INTRODUCTION

Noise-induced hearing loss (NIHL)
is one of the main health problems faced
by workers exposed to high noise levels
in the workplace” . Once NIHL de-
velops, it becomes an irreversible con-
dition, directly compromising workers’
hearing, quality of life, and productivi-
ty, in addition to generating significant
economic and social impacts on the af-
fected population® . Despite advances
in legislation and prevention practices,
NIHL remains one of the most com-
mon occupational health problems®
. In Brazil, the field of occupational
health surveillance has shown progress
but still faces major obstacles, such as
underreporting of cases, a lack of aware-
ness among employers and workers, and
a shortage of resources for prevention
and enforcement actions® .

The creation of the National Policy
on Workers” Health (PNSTT), through

Ordinance No. 1,823 of August 23,
2012, represented a significant step
forward in promoting surveillance and
prevention of occupational diseases, in-
cluding PAIR. This policy aims to in-
tegrate worker health into the Unified
Health System (SUS), expanding access
to health services and strengthening the
surveillance of occupational diseases®
. However, challenges remain for the
full implementation of these policies,
especially due to regional inequalities
and insufficient infrastructure in some
areas. These challenges have been ex-
acerbated by the COVID-19 pandem-
ic, which has overwhelmed the health
system and resulted in a decline in case
reports and the interruption of various
initiatives related to worker health® .
PAIR is officially recognized by the
Ministry of Health as an occupational
disease, for which reporting to the No-
tifiable Diseases Information System
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(SINAN) is mandatory, and it must be
monitored by the Occupational Health
Surveillance (VISAT). These reports
are essential for health professionals to
understand the epidemiological land-
scape in municipalities regarding vari-
ous diseases, aiding in action planning
and strategic decision-making® .

In this context, the present study
aims to analyze work-related PAIR no-
tifications in Brazil between 2006 and
2023, with an emphasis on the South-
east Region, one of the country’s most
important areas in economic and in-
dustrial terms” . The analysis seeks
to identify trends over time, regional
variations, and the demographic char-
acteristics of the most affected workers,
providing an overview of the PAIR sit-
uation in Brazil. In addition, the study
discusses the main challenges faced by
occupational health surveillance and
evaluates the impact of the PNSTT,
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implemented during the period, with
the aim of contributing to the improve-
ment of strategies for the prevention
and control of PAIR, as well as foster-
ing discussions to improve practices for
the protection of workers” health.

METHODOLOGY

This study adopted a quantitative
and descriptive methodology to exam-
ine work-related reports of Noise-In-
duced Hearing Loss (NIHL) in both
Brazil and the states of the Southeast
Region from 2006 to 2023. Data were
collected through the Notifiable Dis-
cases Information System (SINAN),
an official platform of the Ministry of
Health that centralizes data on manda-
tory reports of discases and health con-
ditions nationwide.

Data collection involved extract-
ing NNI records from SINAN, taking
into account variables such as the year
of notification, state of occurrence,
age group, sex, race/ethnicity, and the
measures taken. These data were orga-
nized by state in the Southeast Region
(Espirito Santo, Minas Gerais, Rio de
Janeiro, and Sio Paulo), with the aim of
identifying trends over time and differ-
ences among states regarding the occur-
rence of PAIR.

To assess the impact of the Nation-
al Policy on Occupational Health
(PNSTT), implemented in 2012, the
study compared different periods: the
period prior to the implementation of
the PNSTT (2006 to 2011) and the
corresponding period following its im-
plementation (2012 to 2017).

Population data were obtained from
the demographic censuses conducted
by the Brazilian Institute of Geogra-
phy and Statistics (IBGE) for the years
2010 and 2022® . Since censuses in
Brazil occur only every 10 years, it was
necessary to estimate the population
for the intervening years to ensure the
accuracy of the incidence rates of the
discase under study. For this purpose,
the linear interpolation technique was
used, which allows for the estimation
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of approximate values between two
known points® . The formula used for
interpolation was:

Estimated Population in year t =
Population in 2010 + [(Population
in 2022 - Population in 2010) /
(2022 - 2010)] x (t - 2010).

In this formula, t represents the year
for which we wish to estimate the pop-
ulation, distributing the difference be-
tween the 2010 and 2022 populations
linearly over the years.

After estimating the populations for
the necessary years, PAIR incidence
rates were calculated using the follow-
ing formula:

Incidence Rate = (Number of PAIR
Notifications / State Population) x
100,000

In this way, it was possible to com-
pare incidence rates before and after the
implementation of the PNSTT, identi-
fying trends and variations over time.

In addition, to obtain an overview of
the entire analyzed period, an addition-
al analysis was conducted that consid-
ered the cumulative incidence of PAIR
from 2006 to 2023, using the most re-
cent population as a basis, according to
the 2022 census® . Wich this approach,

it became possible to calculate an aver-
age incidence rate for the entire peri-
od, using a single population reference
point, which facilitates long-term com-
parisons and analyses.

For the general analysis of the data,
descriptive statistical techniques were
applied, along with an assessment of
trends over the years. The information
was presented in tables and graphs,
facilitating the understanding of vari-
ations in notifications during the anal-
ysis period. Microsoft Excel® soffware
was used to collect and process the data.

All data were collected by the au-
thors in September 2024.

The results of this study provide
an overview of work-related Noise-In-
duced Hearing Loss (NIHL) reports in
Brazil and the Southeast Region from
2006 to 2023

Figure 1 illustrates the work-related
Noise-Induced Hearing Loss (NIHL)
reports recorded in the Notifiable
Diseases Information System (SINAN
Net) in Brazil and in the states of the
Southeast Region during the analyzed
period.

Figure 1: Investigation of Work-Related PAIR - Notifications recorded in SINAN
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Notifications of  work-related
PAIR in Brazil increased progres-
sively until 2016, when they peaked
at 1,216 cases, followed by a gradual
decline until 2023 (480 cases).

In the Southeast Region, the trend
was similar, peaking in 2016 (665 cas-
es). Sao Paulo accounted for the high-
est number of reports, reaching 468
cases in 2016 and declining steadily
through 2023. In Rio de Janciro, the
numbers remained relatively stable,
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with the exception of a spike between
2010 and 2011, when they reached
178 cases. Minas Gerais peaked in
2017 (136 cases), followed by a de-
cline. Espirito Santo, on the other
hand, maintained the lowest num-
bers, never exceeding 7 cases per year,
which may reflect regional particular-
ities discussed below.

The data presented in Table 1 show
population variations across the years
analyzed, allowing for a more precise

adjustment of PAIR incidence rates
throughout the pre- and post-imple-
mentation periods of the PNSTT.
The use of the interpolated popula-
tion for 2017 allows for a more accu-
rate analysis of PAIR notifications be-
tween the periods from 2006 to 2011
and 2012 to 2017, while the 2022
population will be used to calculate
the cumulative incidence rate for the
full period from 2006 to 2023.

Table 1: Population of the States in the Southeast Region in 2010, 2017 (Interpolation), and 2022

State Population (2010 Census) Estimat(edeE)?)pulation Estimat(ezdoﬁ%aulation Population (2022 Census)
Rio de Janeiro 15,989,929 15,995,366 16,027,990 16,055,174
Sao Paulo 41,262,199 41,524,619 43,099,140 44,411,238
Minas Gerais 19,597,330 19,675,885 20,147,210 20,539,989
Espirito Santo 3,514,952 3,541,515 3,700,895 3,833,712

Source: IBGE (2010 and 2022 Censuses); Cal-
culations by the authors (2024).

To assess the impact of the imple-
mentation of the National Policy on

Occupational Health (PNSTT) in

2012, PAIR incidence rates were calcu-
lated before and after the policy, using
data from SINAN and IBGE popu-
lation estimates. Table 2 presents the
incidence rates for the periods 2006—

2011, 2012-2017, and the cumulative
total for 2006-2023.

Table 2: PAIR Incidence Rates by State (per 100,000 inhabitants)

State Rate (2006-2011) Rate (2012-2017) Rate (2006-2023)
Rio de Janeiro 1.66 1.43 3.50
Sao Paulo 1.24 3.79 6.69
Minas Gerais 1.32 2.53) 5.17
Espirito Santo 0.28 0.30 0.57

Source: SINAN and IBGE; Calculations by the
authors (2024).

It is also possible to relate variables
such as sex, race, and age group to un-
employment rates among people aged

14 and older, according to IBGE data.
This comparison deepens the analysis
of labor market inequalities and their
possible connections to noise expo-
sure and access to reporting!? . Table
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3 presents the 2023 unemployment
rates in the states of Rio de Janeiro,
Sao Paulo, Minas Gerais, and Espirito
Santo, organized by sex, race, and age

group.
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Table 3: Unemployment Rate by Sex, Color or Race, and Age Group in the States (2023)

State Rio de Janeiro Sao Paulo Minas Gerais Espirito Santo
Total Unemployment Rate (%) 13.3 9.1 7.7 8.5
Gender
Male (%) 11.2 7.3 6.7 6.5
Women (%) 15.7 11.1 9.1 11.1
Race or Ethnicity
White (%) 10.7 8.0 53 7.5
Black or Brown (%) 15.2 10.7 9.3 9.1
Age group
14 to 29 years old (%) 24.5 16.3 141 15.3
30 to 49 years old (%) 9.6 6.7 53 6.4
50 vears or older (%) 8.5 5.4 43 4.9

Source: IBGE 2023. Unemployment rate for
people aged 14 and older by sex, race, and age

group in the states of the Southeast Region.

Figure 2 (A) shows the distribu-
tion of the 4,615 PAIR reports in the
Southeast Region between 2006 and
2023: Siao Paulo recorded 2,969 cas-
es, Minas Gerais 1,062, Rio de Janeiro
562, and Espirito Santo 22. The most
affected age groups were 35-49 years
(1,788 cases) and 50-64 years (2,021).
Age groups such as 20-34 and 65-79
years had fewer cases, with only 11
reports among those aged 15-19. Fig-
ure 2 (B) shows a predominance of
the white race (2,007 cases), followed
by  “Unknown/White”  (1,760),
brown (602), and black (222). The
Asian (19) and Indigenous (5) rac-
es had the lowest numbers. Figure 2
(C) reveals a predominance of males
(4,179 cases) over females (436). Sio
Paulo leads with 2,686 male cases and
283 female cases, followed by Minas
Gerais with 957 and 105, respectively.
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Figure 2: (A) Work-Related PAIR Notifications by Age Group (2006—2023), (B)
Work-Related PAIR Notifications by Race (2006-2023) and (C) Work-Related

PAIR Notifications by Sex (2006—2023).
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Figure 3 presents the measures tak-
en in response to PAIR notifications.
The use of personal protective equip-
ment was the most frequent (1,741
records), followed by collective pro-

tection (621) and changes to the
work environment (439). Removal
of the agent and from the workplace
had 251 and 244 records, respective-
ly. “No action” was the least adopted,
with 677 cases. Sao Paulo led in all
measures, followed by Minas Gerais,
Rio de Janeiro, and Espirito Santo.

Figure 3: PAIR Notifications - 'Yes' for Each Response by State (2006-2023)
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DISCUSSION

Analysis of this study’s results re-
veals important trends regarding no-
tifications of Noise-Induced Hearing

Loss (NIHL), highlighting challenges

in implementing public policies and
structural issues affecting occupa-
tional health surveillance in Brazil,
with an emphasis on the Southeast
Region. The data allow for reflection
on the influence of the PNSTT, work-
ing conditions, and reporting capacity
over time.

The implementation of the PNSTT
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and the creation of the Occupational
Health Reference Centers (CEREST)
led to a significant increase in reports
of conditions such as NIIH, especially
following greater awareness of hear-
ing health and the strengthening of
surveillance, culminating in a peak in
reports in 2016.

Between 2016 and 2023, reports
dropped significantly, a phenome-
non attributed to the suspension of
inspections, political and economic
changes, and the COVID-19 pan-
demic. In 2020, the decline was more
pronounced, possibly due to the tem-
porary closure of occupational health
services and the reduction in in-per-
son activities® . This decline contrib-
uted to a scenario of underreporting,
particularly in states with fragile infra-
structure!V

In the Southeast Region, disparities
among states were evident. Sio Paulo
led in notifications, reflecting its in-
dustrial density and robust network of
CERESTs. Minas Gerais saw growth
until 2017, followed by a decline. Rio
de Janciro remained stable. Espirito
Santo, on the other hand, reported the
lowest numbers, attributed to the lack
of adequate Reference Centers and
weak coordination among municipal-
ities

The situation in Espirito Santo
illustrates inequalities in the imple-
mentation of the PNSTT. The lack
of CERESTs hinders the reporting of
cases, revealing structural limitations
that do not reflect the actual occur-
rence of cases. An analysis of PAIR in-
cidence rates between 2006 and 2023
reinforces this picture. Minas Gerais
rose from 1.32 to 2.53 notifications
per 100,000 inhabitants following the
PNSTT, reaching a cumulative total of
5.17, suggesting improvements in re-
porting(s) . Espirito Santo maintained
low rates: 0.28 before the policy, 0.30
after, and 0.57 in total, indicating un-
derreporting or low exposure(1?) . In
Rio de Janeiro, the rate fell slightly
from 1.66 to 1.43, totaling 3.50 for the
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entire period, which may reflect pre-
ventive measures or changes in indus-
trial processes’? . Sio Paulo showed
the largest increase: from 1.24 to 3.79,
totaling 6.69, possibly due to its exten-
sive industrial activicy® .

The PNSTT sought to expand sur-
veillance and control of conditions
such as PAIR, and the data indicate
that in some states there were advanc-
es, driven by greater awareness and the
adoption of preventive measures!?
. However, the policy’s effectiveness
varied according to the structure of
services, local surveillance, and work-
ers’ level of information? .

Adequate reporting is essential for
effective public policies. Underreport-
ing compromises diagnoses and pre-
ventive actions, making it imperative
to strengthen surveillance, train health
teams, and encourage reporting!>'% .

The distribution by age group indi-
cates that workers aged 35 to 64 were
the most affected, due to prolonged ex-
posure to noise, particularly in sectors
such as construction and industry!!>!
. This reinforces the need for specific
preventive policies, focusing on source
control and the use of PPE17

Between 2006 and 2023, 23 cas-
es of PAIR were recorded in children
under one year of age, raising ques-
tions about reporting gaps'®) . Possible
causes include reporting errors, expo-
sure to occupational environments via
breastfeeding mothers (Decree-Law

1. GUSMADO, A. C. et al. Fatores associados a notifi-
cacao de perda auditiva induzida por ruido no Bra-
sil, 2013-2015: estudo ecolégico. Epidemiologia e

Servicos de Salde, Brasilia, 2021.

2. NATARAJAN, N.; BATTS, S.; STANKOVIC, K. M.
Noise-Induced Hearing Loss. Journal of Clinical Med-
icine, v. 12, n. 6, p. 2347, 17 mar. 2023.

No. 5,452, Art. 396), or living near
sources of noise pollution such as air-
ports or factories!” . These factors
point to the need for more accurate re-
cords and policies to protect children
in noisy environments.

The predominance of cases among
men reflects their greater presence
in high-risk sectors, while the white
majority in the reports may indicate
racial inequalities in access to occupa-
tional health systems2°2?)

Unequal access to the formal labor
market reinforces disparities in report-
ed cases. Women and Black or Brown
individuals face higher unemployment
rates® | which limits their access to
formal jobs and occupational health
services. Workers aged 50 or older,
due to their greater job stability, may
be more exposed to PAIR due to pro-
longed noise exposure.

Individual protection was the main
measure adopted, but it remains insuf-
ficient. Source control and collective
protection were rarely used strategies,
despite being recommended by the
PNSTT.

PAIR can progress to permanent
hearing loss if noise exposure exceeds
85 dB(A) for cight hours a day®? .
Progressive hearing loss impairs sound
perception, speech, and quality of
life, and may cause tinnitus and de-
pression®) . This highlights the ur-
gency of prevention policies and the
inclusion of people with disabilities.

The pandemic has exacerbated under-
reporting, with a drop in records be-
tween 2019 and 2023 . This scenario
undermines effective public policies,
especially in states such as Espirito
Santo.

The implementation of the PNSTT
in 2012 initially led to an increase in
reported cases, peaking by 2016, fol-
lowed by a sharp decline in subse-
quent years, particularly during the
COVID-19 pandemic. The states of
Sio Paulo and Minas Gerais account-
ed for the highest number of reports,
reflecting their industrial density and
greater surveillance capacity, while Es-
pirito Santo had the lowest rates, high-
lighting regional inequalities. Most
cases involved men of working age,
reinforcing the importance of targeted
preventive strategies. The analysis also
revealed weaknesses in record-keep-
ing, underreporting, and low repre-
sentation of minorities, pointing to
the need for greater training of health
teams, strengthening of CERESTS,
and expansion of educational initia-
tives. The expansion of these centers
and the adoption of intersectoral
strategies are fundamental to reducing
inequalities, improving surveillance,
ensuring safer work environments,
and promoting equity in occupational
health in Brazil.
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