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eAppendix I: Exposure to Air Pollution, Noise, andHeat and Road-
adjacent tree coverage

Exposureto air pollution

We assessed maternal exposure to ambient levelagen dioxides (Ng), nitrogen
oxides (NQ), particulate matter with aerodynamic diametes kban 2.5um (Pk),
between 2.5um and 10um (RMy i.e. coarse particulate matter), and less thanml0
(PMg), and PMslight absorption (hereafter referred to as Rebsorbance) during
different exposure windows. We utilized a spatigtenal exposure assessment
framework based on temporally-adjusted spatiairegs of air pollutant levels by land
use regression models developed as part of thepEanoStudy of Cohorts for Air
Pollution Effects (ESCAPE)? These land use regression models predicted 73%- 8
of the variation in pollutant levels in our studya during 2008-2009 (eFigure 1).
Predictor variables included in the final land usgression models for each pollutant
together with the coefficients of determinatiorf)(Bnd root mean square error (RMSE)
and their corresponding leave-one-out cross-vatidatare presented in eTable 2 (See
below). As shown in eTable 2, while an indicatodtance to major roads (i.e. square
of inverse distance to the nearest major road)usad in LUR models for N&and

NOy, in LUR models for PMs, PM;o, and PM sabsorbance, distance to any road (e.g.
major roads, local streets, etc) was used thatweakly correlated (Spearman’s
correlation coefficient (rho) of -0.17) with thedicator of distance to major roads.
Adding this indicator of distance to major road4.t4R models for PMs, PM; 5.1

PMyo, and PM sabsorbance did not improve model and cross-vatidd® and RMSE.
We estimated levels of pollutants at geocoded addréresidence of each participant

for each week of her pregnancy by temporal adjustrokespatial estimates by land use



regression models usimgtio method according to ESCAPE guidelines. Further details

on this exposure assessment have been publistevhels'*

We assessed exposure during four windows: theegmtergnancy and each trimester of
pregnancy. We developed exposure estimates forgakthant by averaging land use
regression models predicted weekly levels of tiodiuant over these four exposure

window periods.

Exposure to noise

To assess noise exposure, we used Barcelona'sgitrabise map developed in 2007
under the guidelines of the European Environméxitéde Directive (Directive
2002/49/EC). Detailed information on the map carobed elsewher2Briefly, the

map accounted for total environmental noise intfafrfacades, which was obtained by
standard measurements or noise modeling dependitigecavailable information in
each area (eFigure 3). The minimal resolution efrthise map was the street section
between two crossroads (median length of 78.9 setéfe used the long-term average
noise level indicator for the 24h periody{k. in dB(A)), as defined in the Directive. We
defined exposure to noise in buffers of $Gand 250 around each maternal geocoded

address of residence in order to better reprebergurrounding noise environment.

Exposure to heat

Land surface temperature has been used to evaheatme-scale intra-urban spatial
variation in heat stress and heat-related mortifityour assessment of exposure to heat
was based on land surface temperature derivedtiierhandsat 5 Thematic Mapper
(TM) data at 30m x 30m resolution. We first exteattadiant temperature from TM

thermal infrared band (band 6 with wavelength a#1TR.5um) using the formula by



Marlet et a*? and then converted radiant temperature to sutéanperature using the
method described by Artis and CarnafidBased on the available body of evidence on
the health impacts of heat in mid-latitude regi&fiswe hypothesized that any impact

of heat on fetal growth could occur during the waeasons. We therefore looked for
available cloud-free Landsat TM images during wasasons of our study period from
the NASA'’s Earth Observing System Data and InforomSystem. Based on this
search, we generated three heat maps using imhtgeeexr on June 212002 (eFigure
3), August 11, 2003, and May 18 2007. We then averaged land surface temperature
(separately for each map) in a buffer of 50m aroemch maternal address of residence,
generating three residential surrounding land serfamperature for each subject.
Finally, we defined heat exposure as the averagigeske three residential surrounding

land surface temperatures.

Road-adjacent tree coverage

Our assessment of the road-adjacent tree coveragdased on Vegetation Continuous
Fields maps derived from data collected by ModeRasolution Imaging
Spectroradiometer aboard the Terra satéffifehe Vegetation Continuous Fields maps
provide annual percent tree cover at rasters of26@50m based on monthly
composites of Terra Moderate Resolution Imagingc8peadiometer land surface
reflectance datd’ We acquired the Vegetation Continuous Fields noaphe period 6
March 2002 to 6 March 2003 from the NASA’s Earths@tving System Data and
Information System (eFigure 4). For each major yeaslabstracted the road-adjacent
tree coverage as the average of percent tree gevaaoss a buffer of 200m on each

side of that road.



“Green area within a 1000m buffer” was used in Lpfdicting the PM;slevels.
Spearman’s correlation coefficient between roaceal)t tree coverage of the nearest
major road to the participants’ home addressegaeeh area within 2000m buffer
around participants’ home addresses was 0.24.rékagvely low correlation could
suggest that inclusion of green area within 1000thé LUR model predicting PM

should not have resulted in a notable bias in aatyses.
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eTable 1. Median of participants’ exposure levels to airlpibdn (during the entire
pregnancy), heat, and noise (250m buffer) in adbo$iers of<50m, 50m-200m, 200m-

500m, and >500m around the major roads.

Buffer NO, NO, PM; 5 PMss10 PMyg Noise Heat
<50m 64.5 150.0 18.9 234 41.8 68.7 35.6
50m-200m 54.7 102.2 16.7 22.0 38.8 68.2 35.3
200m-500m 52.8 95.0 16.1 22.0 38.7 66.1 34.9
>500m 52.6 93.7 16.0 22.0 38.4 66.5 33.1




eTable 2.Number of sampling sites (N), predictor variablessthe final land use regression (LUR) models fartepollutant and the
coefficients of determination iRand root mean square error (RMSE) for the fidRLmodels and their corresponding leave-one-otgsero
validations, Barcelona, 2009.

N LUR models Cross-
validation
Predictor variables Adjusted RMSE R*> RMSE
RZ
NOy 40 High density residential area within a 300m bufgpyare of inverse 0.71 24.94 0.65 27.68
distance to the nearest major road, and traffenisity within a 25m buffer.
NO, 40 High density residential area within a 300m bufteplare of inverse 0.72 10.74 0.68 11.59

distance to the nearest major road, inverse distemthe nearest
road*traffic intensity in the nearest road, andgnof roads within a
1000m buffer.
PM, 5 20 Green area within a 1000m buffer, traffic intensifighin a 200m buffer, 0.80 1.71 0.71 2.10
and square of inverse distance to the nearest tradfit* intensity in the
nearest road.

PMs 510 20 Square root of altitude, and traffic intensity adijor roads within a 50m 0.72 2.13 0.70 2.27
buffer.

PMyq 20 Square root of altitude, inverse distance to therest road*traffic intensity 0.85 2.78 0.82 3.11
in the nearest road, and length of roads withibra Buffer.

PM, 5 20 High density residential area within a 300m bufieverse distance to the 0.83 0.38 0.80 0.43

absorbance nearest road*traffic intensity in the nearest raadj traffic intensity within

a 50m buffer.




eTable 3.Description of Multiple Imputation.

Software used and key settingSTATA 12 software (Stata Corporation, College Stati
Texas) — Ice command (100 imputations with 10 gg)cle

Number of imputed datasets created100

Variables included in the imputation procedure:

Variables used in the main analyses (outcome, exposures, and covariates) together with other

relevant variables as follows:

Gestational age at delivery, history of preternthhinistory of gynecologic problems, prematlre
rupture of membrane, gestational age at bookirigs fgosition, maternal blood hemoglobin
level at delivery, maternal blood platelet coundelivery, preeclampsia, maternal working
status, use of assisted reproductive technologitipteupregnancy, and delivery mode.

Treatment of non-normally distributed variables: log-transformation.

Treatment of binary/categorical variables:logistic, ordinal, and multinomial models.

Statistical interactions included in imputation mockls: none.




eTable 4.Median (Interquartile range) of estimated exposevels of study

participants (N=6,438) averaged over each exposun@gow period, Barcelona, 2001-

2005.
Pollutant Entire Trimester 1 Trimester 2 Trimester 3
Pregnancy
NO, (ug m?) 55.5 (16.8) 56.1 (20.5) 55.3 (19.9) 54.2 (18.7)
NO, (ug m?) 102.8 (41.3) 103.4 (59.0) 103.9 (57.6)  102.3 (56.8)
PM,s(ug m?) 16.9 (3.1) 16.8 (3.7) 16.8 (3.7) 17.0 (3.6)
PMjs.10(1g M) 22.3 (2.3) 22.1 (3.4) 22.2 (3.4) 22.4 (3.1)
PM (g m) 39.2 (3.9) 39.4 (5.7) 39.5 (5.6) 39.8 (5.2)
PM, sabsorbance (10 m™) 3.1(1.1) 3.0 (1.6) 3.1(1.6) 3.0(1.5)
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eTable 5.Spearman’s Correlation Coefficients (rho) BetwEstimated Exposure

Levels to Air Pollutants During Each Trimester (N4&8).

Pollutant Trimester 1  Trimester 2  Trimester 3
NO,

Trimester 1 1

Trimester 2 0.55 1

Trimester 3 -0.20 0.54 1
NO,

Trimester 1 1

Trimester 2 0.68 1

Trimester 3 0.47 0.70 1
PM_e

Trimester 1 1

Trimester 2 0.76 1

Trimester 3 0.65 0.77 1
PM 2510

Trimester 1 1

Trimester 2 0.48 1

Trimester 3 0.19 0.47 1
PMjc

Trimester 1 1

Trimester 2 0.45 1

Trimester 3 0.16 0.44 1
PM, sabsorbance

Trimester 1 1

Trimester 2 0.44 1

Trimester 3 0.01 0.44 1




eTable 6.Spearman’s Correlation Coefficients (rho) BetwEstimated Exposure Levels to Air Pollutants (théférPregnancy), Noise (50m

buffer), and Heat (N=6,438).

NO, NOy PM;s PM2s.10 PMyo PM;s Noise Heat Road-adjacent

absorbance tree

NO; 1.00

NOy 0.90 1.00

PM,s 0.48 0.52 1.00

PM25.10 -0.04 0.03 0.28 1.00

PM3o 0.33 0.45 0.69 0.47 1.00

PM,sabsorbance 0.91 0.88 0.57 -0.02 0.39 1.00

Noise 0.45 0.56 0.57 0.17 0.51 0.48 1.00

Heat -0.02 0.08 -0.02 -0.11 0.08 0.01 0.19 1.00

Road-adjacent tree -0.21 -0.14 -0.11 -0.11 -0.02 -0.18 0.09 0.26 1.00
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eTable 7.Medians of exposure to air pollution (during théirenpregnancy), noise, and

heat for study participants living within and fugttthan 200m from a major road.

Within 200m Further than

(N=3,980) 200m
(N=2,458)

NO,? 57.2 53.0
NO,? 109.7 94.5
PM, 5 17.4 16.1
PMy5.44 22.4 22.2
PM o 39.6 38.7
PM, sabsorbanc® 3.3 2.9
Noise (50m buffery 67.3 65.0
Noise (250m buffer§ 68.3 66.2
Heat" 37.3 36.6

“ g m’

®10° m?

°dB(A)

4 Degree Celsius
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eTable 8.Number of sampling sites (N) and coefficients efedmination (&) and root

mean square error (RMSE) for the LUR models withxpnity to major roads (i.e.

within 200m of a major road: yes/no) as the prexlict

Pollutant N R’ RMSE
NO, 40 0.19 18.4
NO, 40 0.18 42.4
PM25 20 0.34 3.2
PMipos 20 0.02 4.1
PMyq 20 0.16 6.7
PM,sabsorbance 20 0.39 0.8
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eTable 9.Adjusted odds ratios (95% confidence intervals (CI)) of Briwa gestational

ageassociated with residential proximity to a majeeid and one inter-quartile range
increase in exposure to heat and noise, Barcekflid,-2005 (N=6,438).

OR (95% Cl)

Residential Proximity
Continuous distance 0.92 (0.84, 1.01)

Binary distance 1.14 (0.97, 1.34)
Heat 1.08 (0.96, 1.20)
Noise

50m buffer 1.07 (0.96, 1.19)

250m buffer 1.07 (0.96, 1.20)

& Adjusted for neighborhood socioeconomic statumieity, education level, marital status, age, simgk
during pregnancy, alcohol consumption during preggabooking body mass index less than 20,

diabetes, infection during pregnancy, parity, agasen and year of conception.
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exposure to each pollutant separately for eachsxponvindow period, Barcelona, 2001-2005 (N=6,438).

Pollutant Entire Pregnancy Trimester 1 Trimester 2 Trimeser 3
OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
NO; 1.03 (0.98, 1.10) 1.04 (0.97,1.11) 1.04 (0.9711 1.03 (0.97, 1.10)
NOy 1.02 (0.97, 1.07) 1.04 (0.98, 1.11) 1.03 (0.9091 1.01 (0.94, 1.08)
PM,s 1.07 (0.97,1.17) 1.06 (0.96, 1.17) 1.08 (0.9201 1.07 (0.97, 1.18)
PM35.10 1.06 (0.96, 1.17) 1.04 (0.93, 1.16) 1.08 (0.9821L 1.06 (0.95, 1.18)
PMio 1.02 (0.93, 1.11) 1.00 (0.90, 1.11) 1.03 (0.9261 1.02 (0.93, 1.13)
PM, sabsorbance 1.06 (0.97,1.17) 1.07 (0.95, 1.21) 1.07 (0.978)1 1.05 (0.93, 1.18)

eTable 10.Adjusted odds ratios (95% confidence intervals (Cl)) of Brfta gestational agassociated with one inter-quartile range incréase

@ Adjusted for neighborhood socioeconomic statuwmieity, education level, marital status, age, smgkiuring pregnancy, alcohol consumption duringgmancy, booking
body mass index less than 20, diabetes, infectivimg pregnancy, parity, and season and year afegation.
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eTable 11.Percentage (95% confidence interval) of the aatioa between residential

proximity to a major road (binary distance) and Briea gestational agéfully-adjusted

model) that was explained by each of the mediators.

Mediators % explained (95% CI)
NO,? 7% (-36, 75)

NO,2 10% (-50, 98)

PM_s’ 14% (-70, 115)
I3M2.5-1ob 9% (-59, 82)

PM,o’ 2% (-32, 44)

PM, sabsorbancé 7% (-35, 73)

Heat 6% (-32, 66)

Noise 11% (-70, 119)

Heat and PM, &’
Heat, noise, and PM ¢’

22% (-118, 174)
24% (-124, 198)

& Exposure during the first trimester

® Exposure during the third trimester
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eTable 12 Adjusted odds ratios (95% confidence intervals (Cl)) of Brfta gestational age associated with residemtakimity to a major for
the strata of percentages of road-adjacent treerage (terciles of vegetation continuous fields BY)CBarcelona, 2001-2005 (N=6,438).

VCF
First tercile® Second tercile Third tercilé
Residential Proximity to a major road 1.34 (0.99, 1.83) 0.98 (0.74, 1.30) 1.17 (0.8941.5

@ Adjusted for neighborhood socioeconomic statuwmieity, education level, marital status, age, smgkiuring pregnancy, alcohol consumption duringgmancy, booking
body mass index less than 20, diabetes, infectivimg pregnancy, parity, and season and year afegation.
® The lowest tree coverage.

¢ The highest tree coverage.

18



eFigure 1.Spatial surface of predicted air pollutant levelddnd use regression models, Barcel20082009
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eFigure 2.Long-term average noise levels for the 24h perigd,(in dB(A)) over Barcelona,

2007. (Source: Barcelona’s strategic noise map)
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eFigure 3.Land surface temperature (°C) across Barcelorlupa 21st, 2002, based on

Landsat 5 TM data.

Surface Temperature (°C)
14 -30

31-32
[ 33-34
P 35-36
B s7-38

0 1 2 3 4 - 39-40
== __ [ e




eFigure 4.Percentage of tree coverage across Barcelona; Z)2ased on Vegetation

Continuous Fields by Terra-MODIS.
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eFigure 5.Plots for the fitted generalized geoadditive medeth term low birth weight as outcome and expegarair pollution (during the

entire pregnancy), heat, and noise as predictor.
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