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The relationship between low birth weight and 
exposure to inhalable particulate matter
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Relación entre el bajo peso al nacer y la exposición 
a partículas inhalables
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Abstract

Atmospheric pollution is a global public health 
problem. The adverse effects of air pollution are 
strongly associated with respiratory and cardio-
vascular diseases and, to a lesser extent, with ad-
verse pregnancy outcomes. This study analyzes 
the relationship between exposure to PM10 and 
low birth weight in the city of Santo André, São 
Paulo State, Brazil. We included babies born to 
mothers resident in Santo André between 2000 
and 2006. Data on daily PM10 levels was ob-
tained from the São Paulo State Environmen-
tal Agency. We performed descriptive analysis 
and logistic regressions. The prevalence rate of 
low birth weight was 5.9%. There was a dose-
response relationship between PM10 concentra-
tions and low birth weight. Exposure to the high-
est quartile of PM10 (37,50µg/m3) in the third 
trimester of pregnancy increased the risk of low 
birth weight by 26% (OR: 1.26; 95%CI: 1.14-1.40) 
when compared to the first quartile. The same 
effect was observed in the remaining trimesters. 
This effect was observed for ambient particle 
concentrations that met the current air quality 
standards.
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Resumo

Em todo o mundo a poluição atmosférica é um 
problema de saúde pública. Os efeitos adversos 
relacionados aos poluentes atmosféricos estão 
fortemente associados com doenças respirató-
rias e cardiovasculares e, em menor grau, com 
os resultados adversos da gravidez. O objetivo do 
trabalho foi avaliar a relação entre PM10 e bai-
xo peso ao nascer no Município de Santo André, 
São Paulo, Brasil. Foram incluídos no estudo 
recém-nascidos de mães residentes em Santo An-
dré (2000-2006). A Agência Ambiental do Estado 
de São Paulo forneceu dados diários de PM10. 
Realizou-se análise descritiva e de regressão lo-
gística. A prevalência de baixo peso ao nascer foi 
de 5,9%. Observou-se uma relação dose-resposta 
entre as concentrações de PM10 e baixo peso ao 
nascer. As concentrações de PM10 no quartil mais 
alto (37,50µg/m3) no terceiro trimestre gestacio-
nal aumentaram o risco de baixo peso ao nascer 
em 26% (OR = 1,26; IC95%: 1,14-1,40) quando 
comparadas com o primeiro quartil. O mesmo 
efeito foi observado nos demais trimestres. Esse 
efeito foi verificado mesmo com as concentra-
ções de partículas dentro dos padrões de quali-
dade do ar.

Recém-Nascido de Baixo Peso; Material 
Particulado; Poluição do Ar; Modelos Logísticos
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Introduction

Air pollution principally affects the cardiovas-
cular and respiratory systems and constitutes a 
worldwide public health problem. Motor vehi-
cles are a major source of air pollution in urban 
areas. However, it is important to emphasize that 
in certain regions of the world biomass burning 
is also an important source of air pollution that 
causes adverse health effects 1,2.

Low birth weight has been considered a 
leading indicator of morbidity and mortality in 
newborns and children worldwide for several 
decades. According to the World Health Organi-
zation, newborns weighing less than 2,500g are 
considered underweight 3 and low birth weight is 
the single most important indicator of morbidity 
and mortality. In 1998 the Pan American Health 
Organization 4 reported that the global frequency 
of low birth weight ranges from 3% to 43%, illus-
trating the seriousness of this problem.

Risk factors for low birth weight include 
teenage pregnancy 5, socio-economic differ-
ences 6, prematurity, congenital malformations, 
advanced reproductive age and poor access to 
pre-natal care. A study conducted in the city of 
Goiania, State of Goiás, Brazil, also reported that 
the nutritional status of pregnant adolescents af-
fects birth weight 7. 

Exposure to air pollution is also considered 
a risk factor for low birth weight and associa-
tions between air pollution and low birth weight 
have been observed in cities of different sizes 
8,9,10,11,12. A study conducted in Massachusetts 
(United States) between 1996 and 2002 found an 
association between exposure to traffic pollution 
and reduced birth weight, prematurity and social 
inequality 13.

A literature review of ambient air pollution 
and pregnancy outcomes carried out by Srám 
et al. 14 found varying degrees of association be-
tween air pollution and intrauterine growth re-
tardation, low birth weight, reproductive effects, 
premature birth and highlighted the relation-
ship between exposure to particulate matter and 
death due to respiratory disease during the post-
neonatal period. However, Ritz et al. 15 have sug-
gested that the use of different criteria in studies 
of air pollution and birth outcomes hampers the 
differentiation between risk factors, reinforcing 
the need for a deeper knowledge of the underly-
ing biological mechanisms of adverse pregnancy 
outcomes associated with air pollution.

The city of Santo André is situated in the met-
ropolitan region of São Paulo, Brazil, and is af-
fected by both traffic and industrial pollution. To 
the best of our knowledge, the affect of pollution 
on birth weight has yet to be investigated in this 

region and therefore this study aimed to evalu-
ate the relationship between PM10 and low birth 
weight in Santo André.

Methods

This is a longitudinal study using information 
from the Information System on Live Births 
(SINASC) of the Brazilian Ministry of Health. 
There were 63,818 live births to mothers resident 
in Santo Andre between January 1st 2000 and 
December 31st 2006. We selected all newborns 
with records of birth weight born after at least 37 
completed weeks of pregnancy.

Santo André is located in the metropolitan 
region of São Paulo, has a population of 673,234 
inhabitants (Brazilian Institute of Geography 
and Statistics – IBGE. http://www.ibge.gov.br, ac-
cessed on 20/Dec/2012) and covers an area of 
175km2. The city is a highly industrial area and 
has a large fleet of light and heavy motor vehicles. 
There are no regular biomass burning plants or 
thermoelectric power plants in this city.

Variables included date of birth, child’s gen-
der, birth weight, maternal marital status, level of 
education and age, type of pregnancy and deliv-
ery and number of prenatal consultations.

Data regarding 24-hour levels of PM10 (inhal-
able particulate matter that is less than 10 mi-
crons in diameter) was obtained from the São 
Paulo State Environmental Agency (CETESB) 16. 
The CETESB has two monitoring stations in San-
to André. One is located downtown and the other 
is situated in the eastside of the city close to the 
Capuava Petrochemical pole. PM10 levels were 
used as a sole measure of air pollution due to the 
lack of comprehensive data regarding other pol-
lutants such as CO and O3. Since PM10 records in 
both stations were highly correlated (r = 0,89; p < 
0.01) we adopted the average of the two stations 
as being representative of air pollution levels.

A descriptive analysis was performed for each 
variable evaluated by this study. The test for the 
comparison of two proportions was used to com-
pare categories. Birth weight was analyzed as a 
dichotomous variable (normal birth weight or 
low birth weight) using univariate logistic regres-
sion models to assess the relationship between 
the following variables: maternal age (between 
20 and 34 years of age, under 20 years of age, and 
over 34 years of age), years of maternal schooling 
(≤ 6 years and ≥ 7 years), number of prenatal visits  
(≤ 6 visits and ≥ 7 visits), delivery (normal or cae-
sarean), kind of pregnancy (single or multiple), 
marital status (married or unmarried), and child’s 
gender. The variable years of maternal schooling 
was used as a proxy for maternal smoking 8,10,13,17. 
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Multiple logistic regression of the PM10 quartiles 
and the variables with p-values below 0.2 (mater-
nal age, years of maternal schooling and number 
of prenatal visits) was performed. Only significant 
variables (p-value ≤ 0.05) were retained in the fi-
nal model.

Three windows of exposure were defined 
(first, second and third trimester of pregnancy) 
based on the date of birth of each newborn esti-
mated during pregnancy and average trimester 
exposure to PM10 was calculated for each trimes-
ter. The continuous variables considered by the 
logistic models were transformed into categori-
cal variables (quartiles) 18,19.

Version 17.0 of the SPSS for Windows statisti-
cal package (SPSS Inc., Chicago, USA) was used 
for statistical analysis. The statistical significance 
level was set at 5%.

Results

The initial sample of 63,818 live births between 
2000 and 2006 was reduced to 57,392 (90%) after 
excluding premature newborns and newborns 
where birth weight was not informed.

Table 1 presents the descriptive analysis of 
child’s gender, type of delivery, birth weight, prena-
tal visits, maternal age, years of maternal school-
ing and marital status. The majority of live births 
were male (p = 0.05) and 61.4% of deliveries were 
cesarean (p < 0.001). The prevalence of under-
weight among newborns was 5.1% (p < 0.001). The 
majority of mothers attended seven or more pre-
natal consultations (p < 0.001), were aged between 
20 and 34 years, had completed over seven years of 
schooling (p < 0.001) and were married or living in 
consensual union (p < 0.001).

Table 2 presents a descriptive analysis of PM10 

by trimester of pregnancy. It can be observed that 
average PM10 levels were similar in each semes-
ter, demonstrating that levels remained constant 
during the study period. PM10 levels remained 
well below the annual average standard of 150µg/
m3) and maximum quarterly values. The average 
daily threshold limit for good air quality (50µg/
m3) was exceeded on seven days during the pe-
riod studied.

Figure 1 shows the odds ratios (OR) and their 
respective 95% confidence intervals (95%CI) for 
the association between low birth weight and ex-
posure to PM10 by pregnancy trimester and ex-
posure quartile. This final model was adjusted for 
maternal age, years of maternal schooling and 
number of prenatal visits.

A significant association was found between 
risk of low birth weight and exposure to the third 
and fourth PM10 quartiles during the first and sec-

ond pregnancy trimester, while during the third 
trimester this risk was associated with exposure to 
the second, third and fourth PM10 quartiles. There 
was a dose-dependent effect in all pregnancy tri-
mesters (Figure 1).

The ORs for the other variables included in 
the final model are shown in Table 3. It can be 
observed that risk of low birth weight was also 
associated with the variables maternal age, years 
of maternal schooling and number of prenatal 
visits.

Discussion

The results of the present study indicate an as-
sociation between risk of low birth weight and 
exposure to ambient levels of PM10. This effect 
was dose-dependent and was observed for all 
pregnancy exposure windows, reinforcing the 
concept that air pollution influences pregnancy 
outcomes.

A study conducted in Rio de Janeiro reported 
that low birth weight was significantly associ-
ated with exposure to sulfur dioxide (SO2) dur-
ing the third pregnancy trimester (95%CI: 1.016-
1.301) 10. In addition, in a study of a sample of 
179,460 births, Gouveia et al. 8 found an associa-
tion between low birth weight and exposure to 
PM10 and CO.

Similar associations between risk of low birth 
weight and exposure to other air pollutants have 
been found in different regions of the world. In 
Georgia (United States) for example an increased 
risk of low birth weight and exposure to PM10 

was found in preterm births 20, while a study in 
California (United States) reported an increased 
risk (27%) of preterm birth and excess of low 
birth weight (36%) associated with exposure to 
PM10 during the first trimester 21. Another study 
in California reported an association between 
exposure to ozone (O3) in the second and third 
trimesters and to CO in the first trimester and 
reduced birth weight 22. In Vancouver (Canada), 
a cohort study of 70,249 live births between 1999 
and 2002 found an association between gesta-
tional age, premature birth and low birth weight 
and different forms of exposure to traffic pollu-
tion, including low exposure to low levels of pol-
lution 23.

This study shows that exposure to PM10 is an 
important risk factor for low birth weight. PM10 
consists of a mixture of organic and inorganic 
substances, including metals and secondary 
aerosols. In addition, PM10 levels are strongly 
correlated with concentrations of other primary 
gaseous pollutants. Polycyclic aromatic hydro-
carbons (PAH) have been shown to be associated 
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Table 1

Descriptive analysis of the main variables included in the study (n = 57,392).

Variables n % p-value

Sex of newborn

Male 29,206 50.9 0.05

Female 28,186 49.1

Delivery

Vaginal 22,062 38.5 < 0.001

Cesarean 35,253 61.5

Birth weight

Low 2,944 5.1 < 0.001

Normal 54,448 94.9

Prenatal visits

6 visits or under 17,333 30.8 < 0.001

7 visits or over 38,964 69.2

Maternal age (years)

20 to 34 42,166 73.5 < 0.001 *

Under 20 7,994 13.9

Over 34 7,232 12.6

Years of maternal schooling 

Six years or under 17,609 31.6 < 0.001

Seven years or over 38,167 68.4

Marital status < 0.001 **

Single 18,654 33.1

Married 36,850 65.4

Widow 161 0.2

Separated 706 1.3

* 20 to 34 years vs. others;

** Married vs. others.

Table 2

Descriptive analysis of average levels of PM10 per trimester by pregnancy trimester.

PM10 (variables) Pregnancy trimesters

First Second Third

Mean ± SD 36.82 ± 9.13 36.54 ± 9.04 35.70 ± 8.06

Minimum-maximum 22.74-65.55 22.74-65.55 22.74-55.95

SD: standard deviation.

with fetal growth problems in Cracow (Poland) 
and New York City (United States), particularly 
among Afro-Americans 24. A study in Sydney 
(Australia) showed that low birth weight was as-
sociated with exposure to CO and nitrogen di-
oxide (NO2) in the second and third trimesters 
of pregnancy and with exposure to PM10 in the 
second trimester 25. Research in Massachusetts 

and Connecticut (United States) showed an as-
sociation between low birth weight and expo-
sure to PM10 (third trimester), CO (first and third 
trimesters), NO2 and SO2 (first trimester) and 
PM2,5 (second and third trimesters). The same 
study found an apparently higher risk of low 
birth weight in children born to black mothers 
exposed to fine-mode aerosols (PM2.5) 26. Nasci-
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Figure 1

Odds ratio (OR) for low birth weight by pregnancy trimester and PM10 quartiles.

Table 3

Odds ratio (OR) for low birth weight by pregnancy trimester and PM10 quartiles, maternal age, years of maternal schooling 

and number of prenatal visits.

OR 95%CI

Maternal age (years)

20-34 1.00

< 20 1.19 1.07-1.32

> 34 1.27 1.14-1.41

Years of maternal schooling (years)

7 or over 1.00

6 or under 1.18 1.09-1.28

Number of prenatal visits

7 or more 1.00

6 or less 1.15 1.05-1.25

95%CI: 95% confi dence interval.

mento & Moreira 9 concluded that sulfur dioxide 
(SO2) and ozone (O3) were risk factors for low 
birth weight in the city of São José dos Campos 
(Brazil).

In contrast to the study carried out by Gou-
veia et al. 8, which found an association between 
low birth weight and exposure to PM10 in the 
first trimester, our study observed an associa-
tion in all trimesters. Other studies conducted in 

Brazil have shown the effects of other pollutants 
such as SO2, CO, O3 and NO2 on low birth weight 
outcomes.

It is important to note that the association be-
tween low birth weight and exposure to PM10 was 
significant even after controlling for confound-
ing and relevant variables such as maternal age, 
years of maternal schooling and number of pre-
natal visits and exclusion of preterm newborns, 



Romão R et al.1106

Cad. Saúde Pública, Rio de Janeiro, 29(6):1101-1108, jun, 2013

supporting the idea that the effects of air pollu-
tion on pregnancy are causal.

Medeiros et al. 27 reviewed the possible patho-
genic mechanisms by which exposure to air pol-
lution adversely affects pregnancy outcomes. 
The rate of fetal weight gain is greatest between 
the 28th and 37th weeks of pregnancy. Placental 
HCL stimulates the dose-dependent release of 
adrenocorticotropic hormone (ACTH) that in-
duces fetal maturation in the third trimester, 
thus promoting weight gain. A series of studies 
performed by the authors on rodents exposed to 
ambient levels of air pollution showed both low 
birth weights and reduced placental weights in 
animals exposed to air pollution. This and other 
studies show that it is plausible that placenta un-
derdevelopment plays a role in determining low 
birth weight outcomes associated with pollution 
exposure 28,29,30,31.

Other possible mechanisms should also be 
investigated to understand how exposure to air 
pollution adversely affects birth weight. Kannan 
et al. 32 studied the relationship between ma-
ternal nutrition and exposure to atmospheric 
particulate matter and highlighted cardiovascu-
lar oxidative stress, coagulation, pulmonary in-
flammation, placental endothelial function and 
hemodynamic responses as plausible biologi-
cal mechanisms. Finally, a possible relationship 
between exposure to air pollution and maternal 
socioeconomic status as a risk factor 6 should not 
be disregarded.

One of the limitations of this study lies in the 
difficulties involved in accurately measuring in-
dividual PM10 exposure levels due to differences 
in proximity of individuals’ homes to sources of 
pollution and movement in and out of high pol-
lution zones, particularly during the first and sec-
ond trimester of pregnancy. Although this situ-
ation could be partially improved by increasing 
the number of monitoring stations in the study 
area, the only way of fully solving this measure-
ment problem would be to use individual moni-
tors which is logistically impossible given the size 
of the sample.

The pregnancy trimester was used based on 
others studies and given that these periods com-
prise important windows of exposure during 
gestation.

Data regarding other individual characteristics 
associated with low birth weight such as dietary 
habits, active or passive smoking during pregnan-
cy, maternal weight before pregnancy, maternal 
morbidity and occupational exposure was not 
available. However, these individual risk factors 
are not considered confounding factors that could 
cause a bias in the relationship between exposure 
to air pollution and low birth weight because they 
vary regardless of pollution levels 10,33.

Conclusions

Our results confirm that  the adverse effects of air 
pollution go beyond cardiorespiratory diseases. 
Air pollution significantly influences pregnan-
cy outcomes by increasing the risk of low birth 
weight.
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Resumen

La contaminación del aire en todo el mundo es un pro-
blema de salud pública. Los efectos adversos relaciona-
dos con los contaminantes del aire están fuertemente 
asociados con enfermedades respiratorias y cardiovas-
culares, pero en menor medida con los resultados ad-
versos del embarazo. En este estudió se evaluó la rela-
ción entre PM10 y bajo peso al nacer en el municipio de 
Santo André, São Paulo, Brasil. Se incluyeron en el es-
tudio los recién nacidos de madres residentes en Santo 
André (2000-2006). La Agencia Ambiental del Estado de 
São Paulo informó de los índices diarios de PM10. Ade-
más, se realizó un análisis descriptivo y por regresión 
logística. La prevalencia de bajo peso al nacer fue de un 
5,9%. Hubo una relación dosis-respuesta entre las con-
centraciones de PM10 y bajo peso al nacer. Las concen-
traciones de PM10 en el cuartil más alto (37,50µg/m3) en 
el tercer trimestre aumentaban el riesgo gestacional de 
bajo peso al nacer en un 26% (OR = 1,26; IC95%: 1,14-
1,40), en comparación con el primer cuartil. El mismo 
efecto se observó en los trimestres restantes. Este efecto 
fue observado incluso en partículas con concentracio-
nes que están dentro de los estándares del aire.

Recién Nacido de Bajo Peso; Material Particulado; 
Contaminación del Aire; Modelos Logísticos
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