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Traffic-related air pollution and noise
and children’s blood pressure: Results
from the PIAMA birth cohort study

Natalya Bilenko1, Lenie van Rossem2, Bert Brunekreef1,2,
Rob Beelen1, Marloes Eeftens1, Gerard Hoek1,
Danny Houthuijs3, Johan C de Jongste4, Elise van Kempen3,
Gerard H Koppelman5, Kees Meliefste1, Marieke Oldenwening1,
Henriette A Smit2, Alet H Wijga3 and Ulrike Gehring1

Abstract

Aims: Elevation of a child’s blood pressure may cause possible health risks in later life. There is evidence for adverse

effects of exposure to air pollution and noise on blood pressure in adults. Little is known about these associations in

children. We investigated the associations of air pollution and noise exposure with blood pressure in 12-year-olds.

Methods: Blood pressure was measured at age 12 years in 1432 participants of the PIAMA birth cohort study. Annual

average exposure to traffic-related air pollution [NO2, mass concentrations of particulate matter with diameters of less

than 2.5mm (PM2.5) and less than 10 mm (PM10), and PM2.5 absorbance] at the participants’ home and school addresses at

the time of blood pressure measurements was estimated by land-use regression models. Air pollution exposure on the

days preceding blood pressure measurements was estimated from routine air monitoring data. Long-term noise expos-

ure was assessed by linking addresses to modelled equivalent road traffic noise levels. Associations of exposures with

blood pressure were analysed by linear regression. Effects are presented for an interquartile range increase in exposure.

Results: Long-term exposure to NO2 and PM2.5 absorbance were associated with increased diastolic blood pressure, in

children who lived at the same address since birth [adjusted mean difference (95% confidence interval) [mmHg] 0.83

(0.06 to 1.61) and 0.75 (�0.08 to 1.58), respectively], but not with systolic blood pressure. We found no association of

blood pressure with short-term air pollution or noise exposure.

Conclusions: Long-term exposure to traffic-related air pollution may increase diastolic blood pressure in children.
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Introduction

Cardiovascular diseases are the main cause of death in
Europe, and high blood pressure is a major risk factor
of cardiovascular disease.1 There is growing concern
about the medical and economic burden associated
with elevated childhood pressure2 as it can persist
into adulthood and is associated with cardiovascular
disease later in life.3

The impact of ambient air pollution on blood pres-
sure, so far, has been mainly investigated in adults.
Most of these adult studies investigated the association
between short-term changes in air pollution levels and
blood pressure (see, for example, references 4–9).
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Findings of these studies suggest that short-term
increases in particulate matter can lead to acute
increases in systolic and diastolic blood pressure.
Fewer adult studies investigated the association
between long-term exposure to air pollution and
blood pressure in adults and provided evidence for a
positive association between long-term air pollution
exposure and blood pressure.10–12

Only two studies, so far, investigated the effect of
traffic-related air pollution on childhood blood pres-
sure. A study amongst 10-year-old school children
living in two areas of Lahore, Pakistan with markedly
different levels of particulate matter air pollution,
found a substantially higher systolic and diastolic
blood pressure in children living and attending school
in the area with high compared to low levels of traffic-
related air pollution.13 In a cohort study comparing
6–13-year-old children from Mexico City exposed to
high air pollution concentrations with children from a
control city with lower levels of air pollution, a signifi-
cant association was found between short-term 7-day
cumulative levels of particulate matter with diameters
of less than 2.5 mm (PM2.5) and mean pulmonary arter-
ial pressure.14

Motorized traffic is not only an important source of
air pollution but also an important source of commu-
nity noise.15,16 Associations of chronic aircraft and
road traffic noise exposure with childhood blood pres-
sure have been examined in several, mainly cross-
sectional studies. A recent review of the literature
suggests that, in children, the evidence for a positive
association with noise is stronger for systolic compared
to diastolic blood pressure.17

Since very little is known about the effects of traffic-
related air pollution on blood pressure in children and
because air pollution and noise share traffic as a
common source and have both been suggested to be
positively associated with blood pressure, we investi-
gated the associations of short- and long-term expos-
ures to air pollution, as well as long-term exposure to
traffic noise with blood pressure in 12-year-old children
from the Prevention and Incidence of Asthma and Mite
Allergy (PIAMA) birth cohort study.

Methods

Study design

The methods of the PIAMA birth cohort study have
been described elsewhere.18 In brief, pregnant women
were recruited during their second trimester of preg-
nancy in 1996–1997 from a series of communities
in the north, west, and centre of the Netherlands.
The study started with 3963 participants.

Postal questionnaires were sent to the parents during
pregnancy, at the child’s ages of 3 months and 1 year,
and yearly thereafter up to the age of 8 years. At the age
of 11 years, the parents and children received separate
questionnaires. A medical examination including meas-
urements of blood pressure took place during a home
visit at the age of about 12 years. None of the children
had evidence of acute infection on the day of the medical
examination. The institutional review board of the par-
ticipating institutes approved the study protocol, and
written informed consent was obtained from all
participants.

Long-term air pollution exposure assessment

Air pollution concentrations at the participants’ home
and school addresses at the time of blood pressure
measurements were estimated by Land-Use
Regression (LUR) models described elsewhere.19 In
brief, air pollution monitoring campaigns were per-
formed between February 2009 and February 2010 in
the study area. Three 2-week measurements of nitrogen
dioxide (NO2) were performed within that year at 80
sites during the warm, cold, and one intermediate
season. Simultaneous measurements of ‘soot’ (deter-
mined as the reflectance of PM2.5 filters), PM2.5, and
PM10 were performed at half of the sites.20,21 Results
from the three measurements were averaged.21

Predictor variables on nearby traffic, population/house-
hold density and land use derived from Geographic
Information Systems (GIS) were evaluated to explain
spatial variation of annual average concentrations.
LUR models were then used to estimate air pollution
concentration at the participants’ addresses, for which
the same GIS predictor variables were collected.

Short-term air pollution exposure assessment

We used daily data on NO2, PM10, and ozone from
routine background monitoring sites of the National
Air Quality Monitoring Network of the National
Institute for Public Health and the Environment
(RIVM) located in the study area to estimate short-
term exposures. Short-term exposure was defined as
the average of the air pollution levels on the 7 days
preceding blood pressure measurements at the monitor-
ing site closest to a participant’s home. Examples of
time series of daily air pollution levels at selected sites
are presented in Supplementary Figure S1.

Traffic noise exposure assessment

Road traffic is the major source of noise in our study
area. Road traffic noise at the participants’ home and
school addresses at the time of blood pressure
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measurements was estimated using the EMPARA noise
mapping model for the Netherlands (resolution
25� 25m). Traffic noise was modelled as yearly average
A-weighted day-evening-night 24-hour sound level
(Lden dB(A)).22 Input variables for the model are traffic
intensity, traffic composition and traffic speed, distance
to roads, land use, location of noise barriers, and quiet
asphalt.22 The most recent input data (which is repre-
sentative for the year 2008) were used. Since, in general,
the daily variation in noise levels is small in comparison
with the variation in the Lden between study subjects,23

associations with short-term noise exposures were not
considered.

Blood pressure measurements

Blood pressure was measured in 1432 children using
automatic blood pressure meters (Omron M6, Omron
Healthcare Europe BV, Hoofddorp, The Netherlands)
according to the recommendations of the American
Heart Association.24 The cuff (15–22 cm (small)
or 22–32 cm (normal) dependent on the mid-upper
arm circumference) was placed at the non-dominant
arm. Systolic and diastolic blood pressure were
measured at least twice with 5 minutes intervals accord-
ing to a standard protocol while the child was seated.
We used the mean of the measures in the present
analysis.

Confounders

The following variables were selected a priori based on a
literature review and considered as potential confoun-
ders: gender; age at time of blood pressure measure-
ments; height and body mass index (BMI) defined as
weight in kilograms divided by height squared in
metres as measured at the time of blood pressure meas-
urement (children were weighed and measured in their
underwear by trained research staff); cuff size (small/
normal); gestational age at birth and birthweight;
weight gain during the first year of life as reported in
the 1-year questionnaire, physical activity defined as
number of days per week with at least 1 hour of sporting
activity and puberty development scale25 as reported by
the child in the 11-year questionnaire; maternal educa-
tion categorized as low, medium, and high; maternal
smoking during pregnancy, parental smoking in the
child’s home, breastfeeding; maternal hypertension
during pregnancy, respiratory infections (pneumonia
and/or otitis media during the first 2 years of life as
reported in the 1- and 2-year questionnaires); and ambi-
ent and room temperature. Daily data on ambient tem-
perature were obtained from the national network of the
Royal Dutch Meteorological Institute and averaged for
the 7 days preceding blood pressure measurements.

Room temperature was measured during the medical
examination.

Statistical analysis

We compared the distributions of baseline characteris-
tics between subsamples of children that were and were
not included in the present study using Student’s t-test
for continuous and chi-square test for categorical vari-
ables. We investigated the functional unadjusted rela-
tionships between exposures and blood pressure
variables by means of smoothing splines (GAM func-
tion; The R Project for Statistical Computing 2.8.0,
www.r-project.org). For noise we assumed that only
levels above 45 dB(A) would have an effect.
Smoothing parameters were estimated by the
Generalized cross-validation criterion using the mgcv-
package. Since most of the associations were found to
be linear or almost linear (Supplementary Figures S2
and S3), associations of systolic and diastolic blood
pressure with air pollution and noise exposure were ana-
lysed by means of linear regression analyses with non-
transformed exposures. For each exposure variable, we
performed separate crude and adjusted regression ana-
lyses taking into account the potential confounders
listed above. Associations are expressed as change in
blood pressure per interquartile range increase in expos-
ure. We performed stratified analyses by sex to investi-
gate differential susceptibility of boys and girls to the
effects of air pollutants and noise, and stratified analyses
by changes of address since birth to investigate the rele-
vance of chronic (non-movers) versus more recent
exposures (movers). Moreover, we repeated our analysis
without children with doctor-diagnosed asthma during
the past 12 months and doctor-diagnosed diabetes ever
(as reported in the 11-year questionnaire). Statistical
analyses, except smoothing splines, were performed
with the Statistical Analysis System version 9.2 (SAS,
Cary, NC, USA) for Windows.

Results

We were able to geocode home addresses and assign air
pollution and noise exposures for 1400 of the 1432 chil-
dren with blood pressure measurements. Distributions
of blood pressure and population characteristics are
shown in Table 1. Participants included in the present
study more often had highly educated mothers than
non-participants (Supplementary Table S1).

Air pollution, noise, and temperature

The distributions of air pollution exposure variables,
traffic noise, and temperature are presented in Table 2
and Supplementary Table S2. Long-term air pollution

6 European Journal of Preventive Cardiology 22(1)
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Table 1. Distribution of systolic and diastolic blood pressure and potential confounders in the study

population

N Study population

Systolic blood pressure (mmHg) 1400 114.8� 9.2 (92.0–149.0)

Diastolic blood pressure (mmHg) 1400 66.7� 6.5 (43.0–90.0)

Age (years)a 1400 12.7� 0.4 (12.0–13.8)

Height (cm)a 1399 160.1� 7.8 (134.3–193.2)

BMI (kg/cm2)a 1397 18.7� 2.7 (11.8–33.7)

Puberty development scale 1361 1.5� 0.5 (1.0–4.0)

Gestational age at birth (weeks) 1398 39.9� 1.6 (28.7–43.6)

Birthweight (g) 1398 3532� 528 (1370–5000)

Weight gain during 1st year (g) 1349 6271� 995 (2790–14,000)

Female sex 1400 713 (50.9)

Maternal education 1398

Low 239 (17.1)

Intermediate 583 (41.7)

High 576 (41.2)

Maternal hypertension during pregnancy 1162 126 (10.0)

Breastfeeding at 3 months 1398 790 (56.5)

Maternal smoking during pregnancy 1391 186 (13.4)

Pneumonia and/or otitis media during first 2 years of life 1368 471 (34.4)

Parental smoking in child’s home 1365 148 (10.8)

No. of days with �1 h physical activity 1367

0–2 164 (12.0)

3þ 1203 (88.0)

Doctor-diagnosed asthma in the past 12 months 1347 55 (4.1)

Doctor-diagnosed diabetes ever 1363 4 (0.3)

Change of address since birth 1400 831 (59.4)

Values are mean� SD (range) or n (%).; aAt blood pressure measurement.

Table 2. Distribution of long-term air pollution and noise levels, short-term air pollution levels, and

ambient and room temperature at the home addresses

N Minimum Median Maximum IQR

Long-term air pollution

NO2 (mg/m3) 1400 9.6 21.8 40.0 17.5–25.3

PM2.5 absorbance (10�5/m) 1400 0.8 1.2 2.1 1.0–1.3

PM2.5 (mg/m3) 1400 14.9 16.5 19.3 15.6–16.7

PM10 (mg/m3) 1400 23.7 24.5 30.1 24.0–25.0

Short-term air pollution

NO2 (mg/m3) 1400 4.0 16.6 78.8 12.0–25.3

PM10 (mg/m3) 1400 8.9 21.4 73.6 16.6–27.7

O3 (mg/m3) 1400 4.9 39.6 78.9 27.6–51.2

Traffic noise (Lden dB(A)) 1400 45.0 53.0 70.5 50.3–56.1

Temperature

Ambient temperature (�C) 1400 �7.7 9.2 24.8 4.5–15.0

Room temperature (�C) 1380 15.0 21.0 28.7 19.9–22.7

IQR, interquartile range.
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(r¼ 0.79–0.91), but not noise levels (r¼ 0.34) at home
and school addresses were highly correlated.
Correlations between air pollution, noise, and tempera-
ture variables are presented in Table 3. The annual
average NO2, PM, and PM2.5 absorbance levels were
highly correlated (r¼ 0.65–0.89). Correlations between
long-term and short-term air pollution levels were mod-
erate or low (r� 0.46). Correlations between air pollu-
tion exposures and noise were moderate to low
(r� 0.52) Ozone was positively correlated with
temperature.

Air pollution and blood pressure

Differences between crude and adjusted effect estimates
were larger for short-term air pollution exposures than
for long-term air pollution and noise (Table 4 and
Supplementary Table S3). Part of the differences was
attributable to differences in the study population
(Supplementary Table S4). For short-term air pollution
effects, differences were largely attributable to adjust-
ment for temperature. In adjusted models, we observed
that diastolic blood pressure tended to increase with
increasing long-term air pollution exposure at home
and school addresses. No association was found with
average air pollution levels on the 7 days and 1 to 7
days preceding blood pressure measurements (Table 4
and Supplementary Figure S4). Associations with long-
term air pollution exposure were not confounded by
traffic-noise exposure (Supplementary Table S5).
Associations with long-term exposures at home
addresses were stronger for children who lived at the
same address since birth compared to children who had
moved at least once and (marginally) statistically

significant (p< 0.1) associations were observed in the
subgroup of movers only [adjusted difference (95%
confidence interval) 0.83 (0.06 to 1.58) for NO2; 0.75
(�0.08 to 1.58) for PM2.5 absorbance]. Associations of
diastolic blood pressure and long-term air pollution
tended to be stronger in boys compared to girls, but
confidence intervals largely overlap (Supplementary
Table S6). Associations became slightly stronger and
became (marginally) statistically significant for NO2,
PM2.5 absorbance, and PM2.5 after exclusion of chil-
dren with doctor-diagnosed asthma and/or diabetes
(Supplementary Table S7).

Traffic noise and blood pressure

In adjusted models, diastolic blood pressure tended to
increase with traffic noise exposure at the school
address (Supplementary Table S3). No other associ-
ations were observed between traffic-noise exposure
and blood pressure (Table 4 and Supplementary
Table S3).

Discussion

We demonstrated positive associations between long-
term exposure to traffic-related air pollution and dia-
stolic but not systolic blood pressure of children aged
12 years who lived at the same address since birth.
Blood pressure was not associated with short-term air
pollution or noise exposure.

Our finding of a positive association between long-
term air pollution and diastolic blood pressure is con-
sistent with the finding of a recent study in Pakistan,
which revealed that 10-year-old children attending a

Table 3. Spearman correlation coefficients between air pollution and traffic noise exposure variables, and temperature

Long-term air pollution Short-term air pollution

Traffic noise

Temperature

NO2 PM2.5 abs PM2.5 PM10 NO2 PM10 O3 Ambient Room

Long-term air pollution: home

NO2 1.00

PM2.5 absorbance 0.89 1.00

PM2.5 0.67 0.82 1.00

PM10 0.77 0.88 0.56 1.00

Short-term air pollution

NO2 0.46 0.42 0.31 0.27 1.00

PM10 0.15 0.14 0.13 0.07 0.54 1.00

O3 �0.03 �0.04 �0.06 �0.01 �0.53 �0.21 1.00

Traffic noise – home 0.45 0.47 0.52 0.51 0.11 0.01 0.01 1.00

Temperature

Ambient temperature 0.13 0.14 0.15 0.10 �0.37 �0.18 0.54 0.09 1.00

Room temperature �0.03 �0.05 �0.05 �0.01 �0.35 �0.15 0.44 0.00 0.59 1.00
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primary school situated in an area with heavy traffic,
had a significantly higher systolic and diastolic blood
pressure (115.9mmHg, 95% CI 114.0 to 117.9, and
70.9, 95% CI 69.2 to 72.7, respectively), than children
attending a school situated in an area with less traffic
(108.3mmHg, 95% CI 106.1 to 110.6, and 66.4mmHg,
95% CI 64.4 to 68.4, respectively).13 However, effects
are much smaller in the present study and limited to
diastolic blood pressure. The about 10-fold higher air
pollution concentrations in the Pakistan study com-
pared to our study could be one explanation for the
difference in effect sizes. In comparison, the mean
long-term PM10 concentration was only 24.7�
0.9 mg/m3 in our study. The effect sizes observed in
the present study are comparable, however, with the
effect sizes for systolic blood pressure that have been
reported from adult studies investigating long-term air
pollution effects in areas with similar levels of exposure:
for example, 0.9mmHg (95% CI 0.4–1.4) per 2.4mg/m3

PM2.5 in a German study11 and 2.41mmHg (95% CI

1.77–3.05) per 1mg/m3 black carbon in a study from the
Greater Boston area.10 The stronger effects in non-
movers compared to movers suggest that chronic expos-
ure is of greater relevance than more recent exposure.

Only few other studies investigated the association
between air pollution exposure and blood pressure in
children. In a cohort study comparing 6–13-year-old
healthy children from Mexico City exposed to high
air pollution concentrations with children from a con-
trol city with lower levels of air pollution, a significant
association was found between short-term 7-day cumu-
lative PM2.5 levels and systolic pulmonary arterial and
mean pulmonary arterial pressure.26 The reported
mean systolic pulmonary arterial pressure in the control
group and children from the southern and northern
parts of Mexico City were 20.7� 0.7, 24� 0.9, and
27.2� 1.4mmHg, respectively. Another study investi-
gated the association between household short-term
24-h PM2.5 and black carbon from biomass combustion
(geometric mean and range, 53, 14–393mg/m3, and 3.2,

Table 4. Estimated crude and adjusted associations of systolic and diastolic blood pressure with long-term air pollution and traffic

noise exposure at the home address, and short-term air pollution exposure

Exposure (increment)

Crude (n¼ 1400) Adjusted (n¼ 1147)

� (95% CI) p-value � (95% CI) p-value

Systolic blood pressure

Long-term air pollution

NO2 (7.8 mg/m3) �0.19 (�0.84 to 0.46) 0.5701 �0.03 (�0.70 to 0.64) 0.9306

PM2.5 absorbance (0.3� 10�5/m) �0.05 (�0.74 to 0.65) 0.8984 0.03 (�0.69 to 0.74) 0.9434

PM2.5 (1.2 mg/m3) �0.06 (�0.94 to 0.82) 0.8948 �0.07 (�0.97 to 0.82) 0.8708

PM10 (1.0 mg/m3) �0.05 (�0.57 to 0.48) 0.8528 0.03 (�0.49 to 0.55) 0.9050

Short-term air pollution

NO2 (13.3 mg/m3) 0.46 (�0.11 to 1.03) 0.1163 0.08 (�0.55 to 0.71) 0.8017

PM10 (11.1 mg/m3) 0.49 (�0.06 to 1.05) 0.0832 0.16 (�0.41 to 0.72) 0.5875

O3 (23.6 mg/m3) �1.13 (�1.87 to �0.40) 0.0025 �0.06 (�0.94 to 0.83) 0.9017

Traffic noise (5.8 dB(A)) �0.04 (�0.66 to 0.58) 0.8983 �0.25 (�0.87 to 0.36) 0.4197

Diastolic blood pressure

Long-term air pollution

NO2 (7.8 mg/m3) 0.26 (�0.20 to 0.72) 0.2655 0.33 (�0.18 to 0.84) 0.2085

PM2.5 absorbance (0.3� 10�5/m) 0.38 (�0.11 to 0.87) 0.1284 0.41 (�0.13 to 0.96) 0.1357

PM2.5 (1.2 mg/m3) 0.57 (�0.04 to 1.19) 0.0687 0.56 (�0.12 to 1.24) 0.1072

PM10 (1.0 mg/m3) 0.15 (�0.21 to 0.52) 0.4113 0.19 (�0.21 to 0.58) 0.3590

Short-term air pollution

NO2 (13.3 mg/m3) 0.54 (0.14 to 0.94) 0.0084 0.17 (�0.31 to 0.65) 0.4804

PM10 (11.1 mg/m3) 0.26 (�0.13 to 0.65) 0.1938 �0.02 (�0.45 to 0.41) 0.9346

O3 (23.6 mg/m3) �0.94 (�1.45 to �0.42) 0.0004 �0.46 (�1.13 to 0.21) 0.1803

Traffic noise (5.8 dB(A)) 0.08 (�0.36 to 0.52) 0.7154 �0.06 (�0.53 to 0.41) 0.8063

Values are change in blood pressure (mmHg) for an interquartile range increase in exposure.; Adjusted for sex, age, height, and BMI, cuff size,

gestational age at birth, birthweight, weight gain during the first year of life, breast feeding, maternal smoking during pregnancy, parental smoking in

child’s home, physical activity, puberty development scale, maternal education, maternal hypertension during pregnancy, pneumonia and/or otitis media

during the first 2 years of life, ambient temperature, and room temperature.
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2.0–9.6 mg/m3 for PM2.5 and black carbon, respectively)
in 10-year-old Chinese schoolchildren and found no
association.27 Unlike this paediatric study and many
studies in adults,4–9 we found no associations of
blood pressure with short-term air pollution exposure.
Although the observed increases in blood pressure due
to air pollution are small on the individual level, they
can be meaningful as this shift the blood pressure dis-
tribution in the general population towards a more
unfavourable distribution, this may result in significant
increases in the number of subjects with high blood
pressure or hypertension.

Several biological mechanisms have been proposed
for the effect of ambient air pollution on blood
pressure. The inhalation of particulate matter has
been shown to induce changes in the autonomic bal-
ance favouring sympathetic activity, to mediate sys-
temic oxidative stress and inflammation, and to
promote vascular dysfunction leading to arterial
vasoconstriction.28

We have no explanation for the differential associ-
ation of air pollutants with systolic and diastolic blood
pressure in our study. However, findings are in agree-
ment with findings of two randomized double-blind
crossover studies among healthy 18–50 years old non-
smokers, where an increase in diastolic but not systolic
blood pressure was found with PM2.5.

29 In another
study among an elderly population, short-term outdoor
black carbon and PM2.5 had a greater effect on diastolic
than systolic blood pressure.30

Several studies found positive associations between
aircraft and road traffic noise exposure and systolic
blood pressure.31–34 Findings for diastolic blood pres-
sure in these studies are mixed. In two of these studies,
noise exposure was also associated with diastolic blood
pressure,32,34 whereas in others there was no association
with diastolic blood pressure.31,33 The low level and
limited range of noise exposure may be a potential
explanation for the lack of an association in the present
study. Moreover, noise levels at the façade of the child’s

Table 5. Associations of systolic and diastolic blood pressure with long-term air pollution and traffic noise exposure at the home

address, and short-term air pollutant stratified analyses by moving since birth

Exposure (increment)

Non-movers (n¼ 471) Movers (n¼ 676)

� (95% CI) p-value � (95% CI) p-value

Systolic blood pressure

Long-term air pollution

NO2 (7.8 mg/m3) 0.14 (�0.84 to 1.12) 0.7835 �0.07 (�1.00 to 0.87) 0.8882

PM2.5 absorbance (0.3� 10�5/m) �0.03 (�1.08 to 1.02) 0.9593 0.19 (�0.80 to 1.17) 0.7115

PM2.5 (1.2 mg/m3) �0.23 (�1.60 to 1.14) 0.7388 0.05 (�1.15 to 1.25) 0.9306

PM10 (1.0 mg/m3) 0.03 (�0.76 to 0.82) 0.9469 0.14 (�0.56 to 0.84) 0.7049

Short-term air pollution

NO2 (13.3 mg/m3) 0.38 (�0.57 to 1.33) 0.4302 �0.10 (�0.94 to 0.75) 0.8245

PM10 (11.1 mg/m3) �0.06 (�0.90 to 0.79) 0.8959 0.35 (�0.41 to 1.11) 0.3699

O3 (23.6 mg/m3) �0.06 (�1.44 to 1.33) 0.9360 �0.19 (�1.35 to 0.97) 0.7506

Traffic noise (5.8 dB(A)) �0.14 (�1.08 to 0.81) 0.7774 �0.21 (�1.02 to 0.60) 0.6146

Diastolic blood pressure

Long-term air pollution

NO2 (7.8 mg/m3) 0.83 (0.06 to 1.61) 0.0362 �0.10 (�0.77 to 0.58) 0.7791

PM2.5 absorbance (0.3� 10�5/m) 0.75 (�0.08 to 1.58) 0.0777 0.14 (�0.58 to 0.85) 0.7041

PM2.5 (1.2 mg/m3) 0.61 (�0.48 to 1.69) 0.2752 0.41 (�0.46 to 1.29) 0.3529

PM10 (1.0 mg/m3) 0.49 (�0.14 to 1.11) 0.1302 0.00 (�0.51 to 0.51) 0.9996

Short-term air pollution

NO2 (13.3 mg/m3) 0.21 (�0.55 to 0.96) 0.5942 0.20 (�0.41 to 0.82) 0.5135

PM10 (11.1 mg/m3) �0.43 (�1.10 to 0.24) 0.2135 0.33 (�0.22 to 0.88) 0.2436

O3 (23.6 mg/m3) 0.27 (�0.83 to 1.37) 0.6285 �0.98 (�1.82 to �0.14) 0.0221

Traffic noise (5.8 dB(A)) 0.12 (�0.63 to 0.88) 0.7519 �0.10 (�0.69 to 0.49) 0.7322

Values are change in blood pressure (mmHg) for an interquartile range increase in exposure.; Adjusted for sex, age, height, and BMI, cuff size,

gestational age at birth, birthweight, weight gain during the first year of life, breast feeding, maternal smoking during pregnancy, parental smoking in

child’s home, physical activity, puberty development scale, maternal education, maternal hypertension during pregnancy, pneumonia and/or otitis media

during the first 2 years of life, ambient temperature, and room temperature.
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home may not be representative for the child’s exposure
at home if, for example, the child’s bedroom is at the
back of the home.

The strengths of our study are the individually
home- and school-based air pollution and noise expos-
ure assessment using state-of-the-art exposure models
and the large size of the study population. We included
exposures at the home and school addresses. However,
a possible limitation of our exposure assessment may be
that no information was available about time-activity
pattern. Although we had detailed information on most
potential confounders, we were unable in this study to
take a number of factors into account that are asso-
ciated with children’s blood pressure, including genetic
factors and parental cardiovascular risk factors.35 We
were able to exclude children with asthma, the most
common chronic disease in childhood, and children
with diabetes. Associations became slightly stronger.

In conclusion, long-term exposure to traffic-related
air pollution may increase diastolic blood pressure in
children.

Acknowledgements

We would like to thank Marjan Tewis and Ada Wolse for
data management and Wim Swart for assignment of noise

exposure levels to the cohort addresses.

Funding

The PIAMA study is supported by The Netherlands
Organization for Health Research and Development, The
Netherlands Organization for Scientific Research, The

Netherlands Asthma Fund, The Netherlands Ministry of
Spatial Planning, Housing, and the Environment, and The
Netherlands Ministry of Health, Welfare, and Sport.

The air pollution exposure assessment was funded by the
European Community’s Seventh Framework Program (FP7/
2007–2011; grant number 211250). Natalya Bilenko was

funded by a fellowship of the Environment and Health Fund.

Conflict of interest

The authors declare that there is no conflict of interest.

References

1. Jorgensen T, Capewell S, Prescott E, et al. Population-
level changes to promote cardiovascular health. Eur J

Prev Cardiol 2013; 20: 409–421.
2. Tran CL, Ehrmann BJ, Messer KL, et al. Recent trends in

healthcare utilization among children and adolescents with

hypertension in the United States. Hypertension 2012; 60:
296–302.

3. Morrison JA, Glueck CJ and Wang P. Childhood risk

factors predict cardiovascular disease, impaired fasting

glucose plus type 2 diabetes mellitus, and high blood pres-
sure 26 years later at a mean age of 38 years: the Princeton-

lipid research clinics follow-up study.Metabolism 2012; 61:

531–541.

4. Ibald-Mulli A, Stieber J, Wichmann HE, et al. Effects of
air pollution on blood pressure: a population-based
approach. Am J Public Health 2001; 91: 571–577.

5. Auchincloss AH, ez Roux AV, Dvonch JT, et al.
Associations between recent exposure to ambient fine
particulate matter and blood pressure in the Multi-
ethnic Study of Atherosclerosis (MESA). Environ

Health Perspect 2008; 116: 486–491.
6. Langrish JP, Mills NL, Chan JK, et al. Beneficial cardio-

vascular effects of reducing exposure to particulate air

pollution with a simple facemask. Part Fibre Toxicol
2009; 6: 8.

7. Brook RD, Bard RL, Burnett RT, et al. Differences in

blood pressure and vascular responses associated with
ambient fine particulate matter exposures measured at
the personal versus community level. Occup Environ

Med 2011; 68: 224–230.
8. Cosselman KE, Krishnan RM, Oron AP, et al. Blood

pressure response to controlled diesel exhaust exposure
in human subjects. Hypertension 2012; 59: 943–948.

9. Hoffmann B, Luttmann-Gibson H, Cohen A, et al.
Opposing effects of particle pollution, ozone, and ambi-
ent temperature on arterial blood pressure. Environ

Health Perspect 2012; 120: 241–246.
10. Schwartz J, Alexeeff SE, Mordukhovich I, et al.

Association between long-term exposure to traffic par-

ticles and blood pressure in the Veterans
Administration Normative Aging Study. Occup Environ
Med 2012; 69: 422–427.

11. Fuks K, Moebus S, Hertel S, et al. Long-term urban

particulate air pollution, traffic noise, and arterial blood
pressure. Environ Health Perspect 2011; 119: 1706–1711.

12. Chuang KJ, Yan YH, Chiu SY, et al. Long-term air pol-

lution exposure and risk factors for cardiovascular dis-
eases among the elderly in Taiwan. Occup Environ Med
2011; 68: 64–68.

13. Sughis M, Nawrot TS, Ihsan-ul-Haque S, et al. Blood
pressure and particulate air pollution in schoolchildren
of Lahore, Pakistan. BMC Public Health 2012; 12: 378.

14. Calderon-Garciduenas L, Vincent R, Mora-Tiscareno A,
et al. Elevated plasma endothelin-1 and pulmonary arter-
ial pressure in children exposed to air pollution. Environ
Health Perspect 2007; 115: 1248–1253.

15. Allen RW, Davies H, Cohen MA, et al. The spatial rela-
tionship between traffic-generated air pollution and noise
in 2 US cities. Environ Res 2009; 109: 334–342.

16. Davies HW, Vlaanderen JJ, Henderson SB, et al.
Correlation between co-exposures to noise and air pollu-
tion from traffic sources. Occup Environ Med 2009; 66:

347–350.
17. Hohmann C, Grabenhenrich L, de KY, et al. Health

effects of chronic noise exposure in pregnancy and child-
hood: a systematic review initiated by ENRIECO. Int J

Hyg Environ Health 2012.
18. Wijga AH, Kerkhof M, Gehring U, et al. Cohort profile:

the Prevention and Incidence of Asthma and Mite

Allergy (PIAMA) birth cohort. Int J Epidemiol 2013
(Epub ahead of print).

19. Eeftens M, Beelen R, de Hoogh K, et al. Development of

land use regression models for PM2.5, PM2.5

Bilenko et al. 11

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/22/1/4/5926595 by U

trecht U
niversity O

R
IL user on 06 M

arch 2025



absorbance, PM10 and PMcoarse in 20 European study
areas; results of the ESCAPE project. Environ Sci Technol
2012; 46: 11195–11205.

20. Cyrys J, Eeftens M, Heinrich J, et al. Variation of NO2

and NOx concentrations between and within 36
European study areas: results from the ESCAPE study.
Atmos Environ 2012; 62: 374–390.

21. Eeftens M, Tsai MY, Ampe C, et al. Spatial variation of
PM2.5, PM10, PM2.5 absorbance and PMcoarse concen-
trations between and within 20 European study areas and

the relationship with NO2 – results of the ESCAPE pro-
ject. Atmos Environ 2012; 62: 303–317.

22. Dassen A and Jabben JJP. Development and optimaliza-

tion of the National Noise Nuisance Overview – partial
validation and sensitivity analysis (Uitbouw enoptimalisa-
tie van het Landelijk Beeld van Verstoring – Partiele vali-

datie engevoeligheidsanalyse). Bilthoven, The
Netherlands: RIVM, 2001.

23. Can A, van Renterghem T, Rademaker M, et al.
Sampling approaches to predict urban street noise levels

using fixed and temporary microphones. J Environ Monit
2010; 13: 2710–2719.

24. Pickering TG, Hall JE, Appel LJ, et al.

Recommendations for blood pressure measurement in
humans and experimental animals: part 1: blood pressure
measurement in humans: a statement for professionals

from the Subcommittee of Professional and Public
Education of the American Heart Association Council
on High Blood Pressure Research. Hypertension 2005;
45: 142–161.

25. Carskadon MA and Acebo C. A self-administered rating
scale for pubertal development. J Adolesc Health 1993;
14: 190–195.

26. Calderon-Garciduenas L, Mora-Tiscareno A, Ontiveros
E, et al. Air pollution, cognitive deficits and brain

abnormalities: a pilot study with children and dogs.

Brain Cogn 2008; 68: 117–127.

27. Baumgartner J, Zhang Y, Schauer JJ, et al. Household air

pollution and children’s blood pressure. Epidemiology

2012; 23: 641–642.
28. Brook RD, Rajagopalan S, Pope III CA, et al. Particulate

matter air pollution and cardiovascular disease: an

update to the scientific statement from the American

Heart Association. Circulation 2010; 121: 2331–2378.

29. Brook RD, Urch B, Dvonch JT, et al. Insights into the

mechanisms and mediators of the effects of air pollution

exposure on blood pressure and vascular function in

healthy humans. Hypertension 2009; 54: 659–667.
30. Liu L, Ruddy T, Dalipaj M, et al. Effects of indoor, out-

door, and personal exposure to particulate air pollution

on cardiovascular physiology and systemic mediators in

seniors. Occup Environ Med 2009; 51: 1088–1098.

31. Cohen S, Krantz DS, Evans GW, et al. Cardiovascular

and behavioral effects of community noise. Am Sci 1981;

69: 528–535.
32. van Kempen E, van Kamp I, Fischer P, et al. Noise

exposure and children’s blood pressure and heart rate:

the RANCH project. Occup Environ Med 2006; 63:

632–639.

33. Belojevic G, Jakovljevic B, Stojanov V, et al. Urban road-

traffic noise and blood pressure and heart rate in pre-

school children. Environ Int 2008; 34: 226–231.
34. Regecova V and Kellerova E. Effects of urban noise pol-

lution on blood pressure and heart rate in preschool chil-

dren. J Hypertens 1995; 13: 405–412.
35. Khanolkar AR, Byberg L and Koupil I. Parental influ-

ences on cardiovascular risk factors in Swedish children

aged 5–14 years. Eur J Public Health 2012; 22: 840–847.

12 European Journal of Preventive Cardiology 22(1)

D
ow

nloaded from
 https://academ

ic.oup.com
/eurjpc/article/22/1/4/5926595 by U

trecht U
niversity O

R
IL user on 06 M

arch 2025


