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ABSTRACT RESUMO

Objetivo: Identificar possíveis fatores sociodemográficos, eco-
nômicos, de saúde, ambientais e de hábitos de vida associados 
a efeitos adversos sobre a saúde de moradores em três cidades 
brasileiras. Método: Estudo transversal com abordagem quanti-
tativa realizado nas cidades de Imperatriz (Maranhão), Palmas 
(Tocantins) e Salvador (Bahia). Participaram 975 pacientes (18 
a 75 anos) atendidos em unidades básicas de saúde no período 
de junho de 2021 a junho de 2022. Esses indivíduos foram sele-
cionados aleatoriamente (amostra de conveniência). Foi aplicado 
o questionário padronizado sobre fatores sociodemográficos e 
exposição a fatores ambientais, assim como o de hábitos de 
vida. Empregou-se a situação de saúde (excelente/boa x regular/
má/péssima) como desfecho, foi realizada análise multivariada 
seguida por regressão logística respeitando-se cada município 
individualmente e o seu coletivo. Os dados foram apresentados 
como odds ratio (OR) e intervalos de confiança de 95% (IC95%). 
Resultados: Em todas as cidades houve predomínio de pacientes 
do sexo feminino: 58,3% em Imperatriz, 67,5% em Tocantins e 
65,4% em Salvador. A prevalência de tabagismo (presente e/ou 
passado) foi significantemente mais elevada em Salvador, assim 
como a de consumo de álcool. Houve maior referência de saúde 
regular/má/péssima entre os moradores de Imperatriz, apesar de 
em Salvador haver o maior relato de comorbidades. Os fatores 
ambientais associados à condição precária de saúde, em ambos 
os modelos de análise, foram: ter sido exposto durante a infância a 
fogão a lenha/carvão/querosene/outro; passar mais de duas horas 

Objective: To identify potential sociodemographic, socioeconomic, 
health, environmental, and lifestyle factors associated with adverse 
health effects in residents of 3 Brazilian cities. Methods: This 
cross-sectional study with a quantitative approach was conducted 
in the cities of Imperatriz (Maranhão), Palmas (Tocantins), and 
Salvador (Bahia). A total of 975 patients aged 18 to 75 years 
treated at primary health care units from June 2021 to June 
2022 were selected via convenience sampling. A standardized 
questionnaire on sociodemographic characteristics, exposure 
to environmental factors, and lifestyle habits was administered. 
The outcome measured was health status (excellent/good vs 
fair/bad/very poor). Multivariate analysis was performed using 
logistic regression, respecting each municipality individually and 
collectively. Data were presented as odds ratios (OR) and 95%CIs. 
Results: Women predominated in all cities: 58.3% in Imperatriz, 
67.5% in Tocantins, and 65.4% in Salvador. The prevalence 
of smoking (present and/or past) was significantly higher in 
Salvador, as was the prevalence of alcohol consumption. Despite 
Salvador having the highest rate of comorbidities, residents of 
Imperatriz reported more instances of fair/poor/very poor health. 
Environmental factors significantly associated with poor health 
conditions in both analysis models included exposure to wood/
coal/kerosene/other stoves during childhood, spending more than 
2 hours in the kitchen with a working stove, and living close to a 
pollution source. Residents of Imperatriz were 1.8 times and 1.7 
times more likely to have poor health compared with residents of 
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Salvador (a more developed center with more health resources) 
and Palmas, respectively. Conclusions: Health professionals 
should guide the population regarding socio-environmental 
issues affecting health indices. Demographic, environmental, and 
economic data can impact health conditions.

Keywords: Environmental exposure, environmental pollution, 
hypersensitivity.

na cozinha, com fogão em funcionamento; e residir próximo a uma 
fonte poluidora. Morar em Imperatriz revelou chance 1,8 vezes 
maior de ter saúde debilitada quando comparado aos moradores 
de Salvador, e de 1,7 vezes para os de Palmas. Conclusões: 
Profissionais de saúde deverão orientar a população quanto as 
questões socioambientais que interferem nos índices de saúde. 
Os dados demográficos, ambientais e econômicos podem inter-
ferir nas condições de saúde. 

Descritores: Exposição ambiental, poluição ambiental, 
hipersensibilidade.

Introduction

Exposure to envi ronmental  pol lutants 
has consistently been associated with adverse 
consequences for health, triggering a series of 
pathological conditions.1,2 This phenomenon is 
especially evident in low-income communities and 
among ethnic minorities, which are subject to higher 
rates of exposure to these pollutants as a consequence 
of unfavorable social and historical structures.1,2 One 
of the most worrying results of this exposure is the 
increased prevalence of allergic diseases in these 
populations, creating a worrying interface between 
environmental pollution and allergy.1,2

Emissions from fixed sources such as industrial 
plants release harmful substances such as sulfur 
dioxide (SO2), nitrogen dioxide (NO2), and particulate 
material (PM).1,3,4 These pollutants have been 
extensively studied for their role in the incidence and 
exacerbation of respiratory diseases such as asthma, 
in reduced pulmonary function, and in increased 
mortality.5,6 Vulnerable populations, very often living in 
low-income areas, are particularly susceptible to these 
adverse impacts. Emissions from mobile sources, 
such as motor vehicles, represent a significant threat 
to air quality.1,7 Traffic-related air pollution is made up 
of gasses and particles released by combustion of 
fossil fuels. This type of pollution has been associated 
with a range of health problems, including respiratory 
morbidity, cancer, and heart disease. Ethnic minority 
and low-income communities very often live in areas 
with greater exposure to these pollutants, intensifying 
their risk of developing allergic diseases.1,7,8

In turn, poor quality housing plays a crucial role 
in exposure to pollutants and allergens. Houses 
with inadequate infrastructure, subject to leaks and 
seepage, provide the ideal conditions for growth of 
allergens, such as mold. Low income and ethnic 
minority populations are more likely to live in 

environments with poor housing, increasing their 
exposure to these agents that trigger allergies.1,9-11

This panorama highlights the complex interconnec-
tion between pollution and allergic diseases, empha-
sizing the need for immediate action. More equitable 
environmental policies, continuous research into the 
impacts of these exposures and public education are 
essential to mitigate the adverse effects on health 
and promote a healthier and fairer environment for 
all communities. 

Against this background, the objective of this 
study was to identify possible sociodemographic, 
socioeconomic, health, environmental, and lifestyle 
factors associated with adverse effects on the health 
of residents of three Brazilian cities, with the objective 
of identifying risk factors that can be targeted in future 
prevention campaigns.

Methods

A cross-sectional study with a quantitative design 
was conducted in the cities Imperatriz (Maranhão) and 
Palmas (Tocantins), both in the North region of Brazil, 
and in Salvador (Bahia), in the Northeast region of 
Brazil. Patients (18 to 75 years of age) who were seen 
at primary care health centers in these three Brazilian 
cities, irrespective of the reason for their consultation, 
were invited to take part from June 2021 to June 2022. 
Participants were selected at random (by convenience 
sampling) and voluntarily and appropriately answered 
a standardized questionnaire on sociodemographic 
factors, exposure to environmental factors, and 
lifestyle habits, adapted from the Clinical Screening 
Tool for Air Pollution Risk.12 

Individuals were asked about sex, race, educational 
level, marital status, employment, family income, 
whether they were recipients of the Bolsa Familia 
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welfare program, place of residence, health status, 
diseases, alcohol consumption, exposure to sources 
of pollutants at work, housing, exposure to fuel burning 
including biomass, fossil fuels and others, ventilation 
of domestic environments, cleaning products, 
cigarette smoking, and regular exercise, among other 
questions. With relation to economic level, patients 
were divided into those whose income was less than 
or equal to twice the minimum monthly wage (MMW, 
approximately US$ 450)13,14 or greater than twice 
the MMW.15 Participants were categorized by current 
health status as having regular/poor/very poor health 
or very good/good health. 

Table 1 lists the main sociodemographic 
characteristics of the three cities participating in the 
study,16 two of which, Palmas and Salvador, are state 
capitals.15 This study is part of a larger research project 
also conducted in other parts of Latin America.

Analysis of the data

The data collected were input to an Excel® 
spreadsheet. Categorical variables were expressed 
as frequency distributions and proportions and 
comparisons between groups were performed 
using nonparametric tests (Chi-square or Fisher’s 
exact test). Taking health status as the outcome 
(very good/good vs. regular/poor/very poor), a 
multivariate analysis was conducted, followed by 
logistic regression, taking each city individually and 
all three together. Data were expressed as odds 
ratios (OR) and 95% confidence intervals (95%CI). 
Two analytical models were employed. Model 1 
used environmental variables only and model 2 
included environmental, sociodemographic, health, 
and lifestyle variables, plus comorbidities (diseases 
included in the questionnaire) and ophthalmological 
comorbidities. For all analyses, the cutoff adopted for 
rejection of the null hypothesis was 5%.

Table 1
Some sociodemographic characteristics of the cities studied16

Characteristic Imperatriz Palmas Salvador

Estimated population [2021], number of people 259,980 313,349 2,900,319

Area of city territory [2021], km2 1,369.039 2,227.329 693,453

Biome [2019] Amazônia;  Cerrado Atlantic

 Cerrado  Rain Forest

Per capita GDP [2019], R$ 28,830.95 34,933.66 22,213.24

Mean monthly salary of registered workers [2020], MMW a 2.0 3.9 3.3

Percentage of 6-to-14-year-olds in school [2010], % 98.4 98 95.9

Infant mortality [2020], deaths per thousand live births 10.64 12.13 14.76

Municipal Human Development Index (HDI) [2010] 0.731 0.788 0.759

Latitude – South  5° 31' 33”  10° 11' 04" 12° 58' 16'' 

Longitude – West 47° 28' 33” 48° 20' 01" 38° 30' 39''

Altitude, meters 95 260 8.3

a Multiples of the Minimum Monthly Wage; approximately US$ 225.4,5.
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The study was approved by the Research Ethics 
Committee at the Universidade Federal do Pampa and 
all participants signed a free and informed consent 
form (No. 31930620.0.0000.5323).

Results

In all three cities, majorities of the patients were 
female: 58.3% in Imperatriz, 67.5% in Tocantins, and 
65.4% in Salvador. With the exception of Palmas, 
majorities of the sample self-identified as of non-
White races. Except for Imperatriz, high educational 
level predominated. The majority of patients stated 
they were married or in a stable relationship and 
were employed or self-employed. In Imperatriz, the 
prevalence of individuals with family income less than 
or equal to 2 MMW (56.1%) was significantly higher 
than in the other two cities and 28.1% of the sample 
received government benefits. 

Residents of urban areas predominated in all 
three populations assessed. Despite the differences 
observed in sociodemographic characteristics, we 
found that all three cities had very similar HDIs 
(Table 1).

Table 2 presents the results of the univariate and 
multivariate analyses (models 1 and 2) based on the 
entire patient sample and the outcome of poor health. 
These results show that environmental factors that 
were significantly associated with poor health status, 
in both analytical models, were as follows: having been 
exposed to a wood/charcoal/kerosene/other stove 
during childhood, spending more than 2 hours in the 
kitchen with the stove lit, and living close to a source 
of pollution. When sociodemographic, health, and 
lifestyle variables and presence of comorbidities were 
also analyzed in addition to environmental variables, 
we found that having income of up to two MMW, living 
in Imperatriz or Palmas, having comorbidities, having 
ophthalmological comorbidities, and exercising outside 
were also associated with worse health status. 

Table 3 shows that having been exposed to a 
wood/charcoal/kerosene/other stove during childhood, 
spending more than 2 hours in the kitchen, living 
close to a source of pollution, having income of 
up to two MMW, having comorbidities, including 
ophthalmological comorbidities, and exercising 
outside were associated with increased health risk. 
Living in Imperatriz was associated with a 1.8 times 
greater likelihood of poor health when compared to 
living in Salvador (a more developed city with more 

health care resources) and 1.7 times greater than 
living in Palmas.

Discussion

The present study assessed residents of three 
cities in Brazil: Salvador, Imperatriz, and Palmas. 
Although these three cities have very similar HDIs, 
there are differences between them in terms of per 
capita GDP (lower in Salvador); mean monthly salary 
of registered workers (lower in Imperatriz) and infant 
mortality (higher in Salvador) (Table 1). 

Analysis of factors associated with worse health 
status identified the following as significantly 
associated with worse health status: early exposure 
to stove burning wood/charcoal/kerosene/other, 
spending more than 2 hours in the kitchen with the 
stove lit, living close to a source of pollution, having 
income of up to two MMW, living in Imperatriz or in 
Palmas, having comorbidities, having ophthalmological 
comorbidities, and exercising outside. 

Several different studies have confirmed that 
populations living in extremely poor regions, without 
adequate refuse collection, with inadequate sanitation, 
and with open sewers, in areas where people are 
exposed to pollutants, and to biomass burning have 
worse health indicators, with increased morbidity and 
mortality, impacting on the life expectancy of these 
populations.17,18

Many pollutants are the main factors in diseases 
affecting humans, including particulate material (PM10, 
PM2,5, PM0,1), nitric oxide, sulfur dioxide, volatile 
organic compounds (VOC), dioxins and polycyclic 
aromatic hydrocarbons (PAHs), carbon monoxide, 
ozone, primarily in soil, and heavy metals. The 
diseases caused by exposure to the substances listed 
primarily include respiratory problems, such as chronic 
obstructive pulmonary disease (COPD), asthma, lung 
cancer, cardiovascular events, central nervous system 
dysfunctions, and cutaneous and ophthalmological 
diseases. Additionally, climatic changes caused 
by environmental pollution affect the geographical 
distribution of many infectious diseases, in addition 
to natural disasters.17,19

Pollution is responsible for 9 million premature 
deaths/year worldwide, accounting for one in six 
deaths all over the planet. Deaths caused by pollution 
are an unintentional consequence of industrialization 
and urbanization and these mortality rates have 
increased 7% since 2015 and more than 66% since 
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Table 2
Logistic regression assessing factors associated with self-reported poor healtha

 Univariate model Multivariate model 1  Multivariate model 2
  N = 895  LR = -123.91 N = 892  LR = -445.26
 95%CI 95%CI 95%CI
  Value Minimum Maximum  Value Minimum  Maximum  Value Minimum Maximum 
  Variables OR p limit limit OR p limit limit OR p limit limit

Environmental factors

Type of stove used 

 Wood/charcoal/kerosene/solvent/other 1.28 0.276 0.82 2.00 0.79 0.376 0.48 1.32    

 Natural gas/GLP 1.00    1.00       

Type of stove at home when a child 

 Wood/charcoal/kerosene/other 1.88 < 0.001 1.40 2.52 1.86 < 0.001 1.32 2.63 1.54 0.028 1.05 2.25

 Natural gas/GLP 1.00    1.00    1.00   

Number of hours spent 

in the kitchen with the stove lit

 More than 2 hours 1.66 0.004 1.18 2.34 1.48 0.026 1.05 2.08 1.51 0.034 1.03 2.20

 Up to hours 1.00    1.00    1.00 

Has damp environments at home

 Yes 1.29 0.172 0.89 1.87 1.31 0.162 0.90 1.91    

 No 1.00    1.00       

Lives close to a source of pollution

 Yes 1.75 < 0.001 1.32 2.33 1.73 0.002 1.23 2.43 1.55 0.010 1.11 2.16

 No 1.00    1.00    1.00   

Works close to a source of pollution

 Yes 1.25 0.158 0.92 1.69 0.99 0.940 0.69 1.42    

 No 1.00    1.00       

Burns any type of material 

inside the house

 Yes 1.63 0.044 1.01 2.62 1.45 0.204 0.82 2.55 1.61 0.121 0.88 2.92

 No 1.00    1.00    1.00   

Place of residence

 Urban 0.57 0.024 0.34 0.93 0.77 0.388 0.42 1.40 1.12 0.720 0.60 2.12

 Rural 1.00    1.00    1.00   

Sociodemographic factors

Family income (MMW)

 Up to 2 1.82 < 0.001 1.36 2.42     1.85 0.008 1.17 2.91

 More than 2 1.00        1.00   

Sex                        

 Female 1.50 0.008 1.11 2.03     1.39 0.066 0.98 1.98

 Male 1.00        1.00 

a Regular/poor/very poor.

RV: 95%CI: 95% confidence interval, LR: likelihood ratio, OR: odds ratio, MMW: multiples of monthly minimum wage.
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Table 2 (continuation)

Logistic regression assessing factors associated with self-reported poor healtha

Environmental exposure and health risks in Brazil – Urrutia-Pereira MU et al.

 Univariate model Multivariate model 1  Multivariate model 2
  N = 895  LR = -123.91 N = 892  LR = -445.26
 95%CI 95%CI 95%CI
  Value Minimum Maximum  Value Minimum  Maximum  Value Minimum Maximum 
  Variables OR p limit limit OR p limit limit OR p limit limit

Sociodemographic factors

Age group (years)                        

 60 or over 0.41 0.041 0.17 0.96     0.33 0.066 0.10 1.08

 40 to 59 0.49 0.042 0.25 0.97     0.45 0.111 0.17 1.20

 25 to 39 0.38 0.004 0.19 0.74     0.26 0.006 0.10 0.68

 18 to 24 0.42 0.017 0.21 0.86     0.27 0.008 0.10 0.71

 0 to 17 1.00        1.00

Educational level

 Up to end of elementary  2.57 0.001 1.47 4.51     1.46 0.345 0.67 3.19

 Secondary education 1.53 0.027 1.05 2.24     1.01 0.968 0.57 1.81

 Started higher education 1.29 0.240 0.84 1.97     1.04 0.890 0.60 1.80

 Graduated higher education 1.22 0.354 0.80 1.87     1.16 0.550 0.71 1.90

 Postgraduate 1.00        1.00   

Race/Color

 Not white 1.20 0.217 0.90 1.61     1.09 0.609 0.77 1.55

 White 1.00        1.00   

Region in Brazil

 Imperatriz 1.24 0.336 0.80 1.92     1.70 0.045 1.01 2.85

 Palmas 1.80 0.001 1.28 2.53     1.81 0.015 1.12 2.92

 Salvador 1.00        1.00

  

Factor related to health

Presence of comorbidities 

(except ophthalmological)

 Yes 1.69 < 0.001 1.27 2.24     2.35 < 0.001 1.63 3.40

 No 1.00        1.00   

Presence of ophthalmological comorbidities

 Yes 2.10 < 0.001 1.57 2.83     2.07 < 0.001 1.44 2.98

 No 1.00        1.00   

Factors related to lifestyle habits

Exercises outside

 Yes 1.23 0.155 0.93 1.63     1.46 0.022 1.06 2.02

 No 1.00        1.00   

Smokes                        

 Yes 1.43 0.070 0.97 2.11     1.53 0.072 0.96 2.44

 No 1.00        1.00

a Regular/poor/very poor.

RV: 95%CI: 95% confidence interval, LR: likelihood ratio, OR: odds ratio, MMW: multiples of monthly minimum wage.
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 Multivariate model 

 N = 892    LR = -445.26

Factors OR Value p 95%CI minimum 95%CI maximum

Environmental

Type of stove used

 Wood/charcoal/kerosene/solvent/other 0.79 0.376 0.48 1.32

 Natural gas/GLP 1.00   

Type of stove at home when a child

 Wood/charcoal/kerosene/other 1.54 0.028 b 1.05 2.25

 Natural gas/GLP 1.00   

Number of hours spent in the kitchen with the stove lit

 More than 2 hours 1.51 0.034 b 1.03 2.20

 Up to 2 hours 1.00   

Lives close to a source of pollution

 Yes 1.55 0.010 b 1.11 2.16

 No 1.00   

Burns any type of material inside the house

 Yes 1.61 0.121 0.88 2.92

 No 1.00   

Place of residence

 Urban 1.12 0.720 0.60 2.12

 Rural 1.00   

Sociodemographic

Family income (MMW)

 Up to 2 1.85 0.008 b 1.17 2.91

 More than 2 1.00   

Sex

 Female 1.39 0.066 0.98 1.98

 Male 1.00   

Age group (years)

 60 or over 0.33 0.066 0.10 1.08

 40 to 59 0.45 0.111 0.17 1.20

 25 to 39 0.26 0.006 b 0.10 0.68

 18 to 24 0.27 0.008 b 0.10 0.71

 0 to 17 1.00   

Educational level

 Elementary school or less 1.46 0.345 0.67 3.19

 Secondary education 1.01 0.968 0.57 1.81

 Started higher education 1.04 0.890 0.60 1.80

 Graduated higher education 1.16 0.550 0.71 1.90

 Postgraduate education 1.00

Table 3
Logistic regression assessing factors associated with self-reported poor health statusa

a Regular/poor/very poor.
b Significant.
95%CI: 95% confidence interval, LR: likelihood ratio, OR: odds ratio, MMW: multiples of monthly minimum wage.
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2000. With relation to economic losses, the Global 
Burden of Diseases, Injuries, and Risk Factors 
Study 2015 (GBD) demonstrated that pollution was 
responsible for an economic loss of US$ 4.6 trillion 
(6.2% of global economic output) in 2015. Moreover, 
the study found that 92% of deaths related to pollution 
and the greater part of the burden of economic losses 
caused by pollution occurred in low and middle income 
countries. The 1.55 odds ratio observed in our study 
for populations that live close to a source of pollution 
is striking. 

A study conducted in Palmas in 2014 observed 
that environmental factors have a causal relationship 
with increased admissions for respiratory diseases 
to a public pediatric referral hospital in the city. The 
study demonstrated a negative relationship between 
rainfall and the total number of admissions for 
respiratory diseases (R = 0.606; p < 0.03), especially 
pneumonia (R = 0.375; p < 0.01). It is known that 
months of extreme drought are a risk for respiratory 
disease exacerbation because of the increase in 
airborne pollutants and the reduction in the relative 

Environmental exposure and health risks in Brazil – Urrutia-Pereira MU et al.

a Regular/poor/very poor.
b Significant.
95%CI: 95% confidence interval, LR: likelihood ratio, OR: odds ratio, MMW: multiples of monthly minimum wage.

 Multivariate model 

 N = 892    LR = -445.26

Factors OR Value p 95%CI minimum 95%CI maximum

Sociodemographic 1.00   

Race/color

 Not white 1.09 0.609 0.77 1.55

 White 1.00

Region in Brazil

 Imperatriz 1.70 0.045 b 1.01 2.85

 Palmas 1.81 0.015 b 1.12 2.92

 Salvador 1.00   

Related to health

Presence of comorbidities (except ophthalmological)

 Yes 2.35 < 0.001 b 1.63 3.40

 No 1.00   

Presence of ophthalmological comorbidities

 Yes 2.07 < 0.001 b 1.44 2.98

 No 1.00

  

Lifestyle habits

Exercises outside

 Yes 1.46 0.022 b 1.06 2.02

 No 1.00   

Smokes

 Yes 1.53 0.072 0.96 2.44

 No 1.00

Table 3 (continuation)

Logistic regression assessing factors associated with self-reported poor health statusa
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humidity of the air.20 In Tocantins state, the number 
of fires is particularly high during the months of the 
dry season, compromising the Cerrado biome, with 
a mean of 44 foci of fire/1,000 km2, from 2002 to 
2011.21 The issues of airborne pollution, foci of fire, 
and admissions of children for respiratory diseases 
may be related to the factors observed in our study, 
such as exposure during to childhood to stoves that 
burn wood/charcoal/kerosene/other fuels, spending 
more than 2 hours in the kitchen with the stove lit, living 
close to a source of pollution, having comorbidities, 
including ophthalmological comorbidities, and 
exercising outside. 

The social determinants of health encompass 
individuals’ quality of life. Inequalities in social, 
economic, and environmental factors impact on 
overall health and on visual health. Williams et al. 
explain that factors such as income, educational level, 
access to health care, environmental issues, and 
social conditions can interfere with ophthalmological 
care and eye health.22 Low socioeconomic status is 
associated with severe visual deficiencies or blindness 
(OR 2.55; 95%CI 1.36-4.79).23

In our study, self-reported ophthalmological 
comorbidities were significant (odds ratio of 2.07; 
p < 0.001). The number of people who reported having 
other, non-ophthalmological comorbidities was also 
relevant (OR 2.35 p < 0.001).

In China, a study that analyzed data from the 2013 
Chinese General Social Survey to investigate the 
impact of the mechanisms of environmental problems 
and social inequalities on health found that, in addition 
to environmental pollution (both airborne pollution and 
contamination or pollution of food), low income, low 
educational level, and lack of green spaces also had 
negative impacts on the population’s health.24 The 
same was observed in our study, which documented 
a positive relationship between low income (up to two 
MMW) and poor health status (OR: 1.85, p < 0.008).

When we compared the residents of the three cities 
studied, we found that those living in Imperatriz were 
most exposed to environmental pollutants (passive 
smoking, heavy vehicle traffic, biomass burning, and 
exposure to paints and varnishes, and people living 
in the rural zone of the municipality also live near to 
open sewers and work close to sources of smoke and 
dust) and exhibited poor health status. In Salvador, 
there was a higher number of active smokers, a higher 
proportion of alcohol consumption, and a higher 
proportion of working close to sources of pollution and 
roads with heavy traffic. In Palmas, a higher proportion 

of individuals were aware of the harm caused by 
smoking and a lower proportion of people rated their 
health as good or very good. 

It is well known that there is a direct relationship 
between educational level and health status, because 
access to information is essential for access and 
adhesion to disease treatment and prevention. Of the 
three cities, Imperatriz had the lowest educational level 
and the lowest income and these data may partially 
explain why living in Imperatriz was associated with a 
1.8 times greater chance of poor health compared to 
living in Salvador (a more developed center with more 
health care resources) and 1.7 times greater than 
living in Palmas. If we analyze the Basic Education 
Development Index from 2022, Palmas was in 
second place in the list of state capitals in terms of 
performance in the first years of primary education 
(Year 1 to year 5), with an average of 6.1. In the 
second phase (years 6 to 9), Palmas was in first place 
of all Brazilian capitals. It should be pointed out that 
Palmas is a new city where a large proportion of the 
economically active population are public workers or 
service providers.25

In addition to studying the pathophysiology of 
diseases and new treatments, health professionals 
should also understand and teach and provide 
guidance to the population about socio-environmental 
issues, thereby intervening in health indicators within 
a holistic view of their patients in any given region. It 
is based on this knowledge that public policies are 
enacted with the objective of reducing morbidity and 
mortality, increasing life expectancy, and reducing the 
economic costs of public health. We have presented 
demographic, environmental, and economic data on 
the risks of harm to health in three Brazilian cities 
with similar HDI, located in the North and Northeast 
regions of Brazil.

Environmental exposure and health risks in Brazil – Urrutia-Pereira MU et al.

References

1. Burbank AJ, Hernandez ML, Jefferson A, Perry TT, Phipatanakul 
W, Poole J, et al. Environmental justice and allergic disease: A 
Work Group Report of the AAAAI Environmental Exposure and 
Respiratory Health Committee and the Diversity, Equity and Inclusion 
Committee. J Allergy Clin Immunol. 2023;151(3):656-70.

2. Bazyar J, Pourvakhshoori N, Khankeh H, Farrokhi M, Delshad V, 
Rajabi E. A comprehensive evaluation of the association between 
ambient air pollution and adverse health outcomes of major organ 
systems: a systematic review with a worldwide approach. Environ 
Sci Pollut Res Int. 2019;26(13):12648-61.



404  Arq Asma Alerg Imunol – Vol. 7, N° 4, 2023

3. Barbone F, Catelan D, Pistelli R, Accetta G, Grechi D, Rusconi F, 
et al. A Panel Study on Lung Function and Bronchial Inflammation 
among Children Exposed to Ambient SO from an Oil Refinery. Int 
J Environ Res Public Health. 2019;16(6):1057.

4. Amster E, Lew Levy C. Impact of Coal-fired Power Plant Emissions 
on Children's Health: A Systematic Review of the Epidemiological 
Literature. Int J Environ Res Public Health. 2019;16(11).

5. Yu S, Park S, Park CS, Kim S. Association between the Ratio of FEV(1) 
to FVC and the Exposure Level to Air Pollution in Neversmoking 
Adult Refractory Asthmatics Using Data Clustered by Patient in 
the Soonchunhyang Asthma Cohort Database. Int J Environ Res 
Public Health. 2018;15(11).

6. Gehring U, Gruzieva O, Agius RM, Beelen R, Custovic A, Cyrys J, et 
al. Air pollution exposure and lung function in children: the ESCAPE 
project. Environ Health Perspect. 2013;121(11-12):1357-64.

7. Health Effects Institute - HEI. Traffic-Related Air Pollution: A Critical 
Review of the Literature on Emissions, Exposure, and Health Effects 
[Internet]. Available from: https://www.healtheffects.org/publication/
traffic-related-air-pollution-critical-review-literature-emissions-
exposure-and-health. 

8. Kravitz-Wirtz N, Teixeira S, Hajat A, Woo B, Crowder K, Takeuchi 
D. Early-Life Air Pollution Exposure, Neighborhood Poverty, and 
Childhood Asthma in the United States, 1990-2014. Int J Environ 
Res Public Health. 2018;15(6):1114.

9. Hughes HK, Matsui EC, Tschudy MM, Pollack CE, Keet CA. Pediatric 
Asthma Health Disparities: Race, Hardship, Housing, and Asthma 
in a National Survey. Acad Pediatr. 2017;17(2):127-34.

10. Bryant-Stephens TC, Strane D, Robinson EK, Bhambhani S, 
Kenyon CC. Housing and asthma disparities. J Allergy Clin Immunol. 
2021;148(5):1121-9.

11. Krieger J, Higgins DL. Housing and health: time again for public 
health action. Am J Public Health. 2002;92(5):758-68. 

12. Hadley MB, Baumgartner J, Vedanthan R. Developing a Clinical 
Approach to Air Pollution and Cardiovascular Health. Circulation 
2018;137(7):725-42.

13. Brasil. D.O.U. Lei Nº 14.358, de 1º de junho de 2022. Dispõe sobre 
o valor do salário-mínimo a vigorar a partir de 1º de janeiro de 2022. 
Available from: https://in.gov.br/en/web/dou/-/lei-n-14.358-de-1-de-
junho-de-2022-404843135.

14. Exchange. Exchange - cotação do dólar americano [Site na Internet]. 
Available from: https://exchangenow.net/servicos/remessas-inter
nacionais?gclid=CjwKCAjwp9qZBhBkEiwAsYFsb-phpRt4Tknwrb
IHmGS2xmLJWkJvVxgbKicU-R3ytiuxOKtc09YOLxoCsD0QAvD_
BwE.

15. Brasil. Instituto Brasileiro de Geografia e Estatística - IBGE. ISM - 
Indicadores Sociais Mínimos [Internet]. Available from: https://
www.ibge.gov.br/estatisticas/sociais/educacao/17374-indicadores-
sociais-minimos.html?=&t=resultados.

Corresponding author:
Herberto Jose Chong-Neto 
E-mail: h.chong@uol.com.br

No conflicts of interest declared concerning the publication of this 
article.

Environmental exposure and health risks in Brazil – Urrutia-Pereira MU et al.

16. Brasil. Instituto Brasileiro de Geografia e Estatística - IBGE. IBGE 
cidades [Internet]. Available from: https://cidades.ibge.gov.br/brasil/
panorama.

17. Manisalidis I, Stavropoulou E, Stavropoulos A, Bezirtzoglou E. 
Environmental and Health Impacts of Air Pollution: A Review. Front 
Public Health. 2020 Feb 20;8:14.

18. Landrigan PJ, Fuller R, Acosta NJR, Adeyi O, Arnold R, Basu NN, 
et al. The Lancet Commission on pollution and health. Lancet. 
2018;391(10119):462-512.

19. Fuller R, Rahona E, Fisher S, Caravanos J, Webb D, Kass D, et al. 
Pollution and non-communicable disease: time to end the neglect. 
Lancet Planet Health. 2018 Mar;2(3):e96-e98.

20. Batista KC, Leal PB, Cardoso PCOF, Araújo BP, Silva CMM, Pacheco 
GQ, et al. Há relação entre internações hospitalares por doenças 
respiratórias, mudanças climáticas e focos de queimadas numa 
população pediátrica? Pediatr Mod. 2014;50(9):415.

21. Lazzarini GMJ, Ferreira LCC, Felicíssimo MFG, Lira RG, Justino 
AG, Gomes CS, et al. Análise da distribuição de focos de calor no 
Tocantins entre 2002 e 2011. Revista Interface (Porto Nacional). 
2012;5(5):24-35. Available from: https://sistemas.uft.edu.br/
periodicos/index.php/interface/article/view/362.

22. Williams AM, Sahel JA. Addressing Social Determinants of Vision 
Health. Ophthalmol Ther. 2022;11(4):1371-82. 

23. Rahi JS, Cumberland PM, Peckham CS. Visual function in working-
age adults: early life influences and associations with health and 
social outcomes. Ophthalmology. 2009;116(10):1866-71.

24. Zhou P, Sun S, Chen T, Pan Y, Xu W, Zhang H. Impacts of Social 
Inequality, Air Pollution, Rural-Urban Divides, and Insufficient 
Green Space on Residents' Health in China: Insight from Chinese 
General Social Survey Data Analysis. Int J Environ Res Public 
Health. 2022;19(21):14225.

25. Instituto Nacional de Estudos e Pesquisas Educacionais Anísio 
Teixeira - Inep. Índice de Desenvolvimento da Educação Básica 
(Ideb) [Internet]. Available from: https://www.gov.br/inep/pt-br/areas-
de-atuacao/pesquisas-estatisticas-e-indicadores/ideb.


