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ENVIRONMENTAL PUBLICH HEALTH CHALLENGES

PUBLIC HEALTH
DETERMINANTS

* an average adult breathes daily from 10 to 20 m? of
air

HEALTH EFFECTS

» different lifetime exposure — concentration, types

* strong association respiratory and cardiovascular
diseases

| * new evidence — exposure to AP during pregnancy

with adverse pregnancy outcomes

|

* the findings of epidemiological studies - inconsistent

Adverse preghancy outcomes are associated with increased neonatal and

childhood morbidity / mortality, as well as the risk of cardiovascular
diseases, diabetes, liver disease and psychiatric conditions later in life
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ENVIRONMENTAL PUBLICH HEALTH CHALLENGES
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Fig. 1. Possible biological mechanisms by which air pollutants may affect birth outcomes
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EVIDENCE BASED PUBLIC HEALTH - APPROACHES

LY Critically-Appraised
C Tnﬂim

&'@ Articles
&

(RCTs)
Cohort Studies

’ Randomized Controlled Trials

Case-Controlled Studies
Case Series / Reports

Background Information / Expert Opinion \

Not all evidence is judged to be of equal value, that is, there are

hierarchies of research design that are evaluated to have different
strengths, different levels of value in the decision making process.
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PREVIOUS EVIDENCE BASED: AP and PREGNANCY
OUTCOMES
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There is a growing number of studies on the association between

ambient air pollution and adverse pregnancy outcomes, but their results
have been inconclusive
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AIM

Systematically review the studies on the association of AP
and pregnancy outcomes

* to outline the pregnancy outcomes according to AP, exposure
assessment methods, potential confounders and gestational
windows of exposure

* tosummarize the effect estimates
* toindicate future environmental public health challenges

ID Title Status Last edited

CRD42018081540 Association between prenatal exposures to ambient air pollution and  Registered 11/02/2018 [F
birth weight, low birth weight and preterm birth: meta-analysis and
identification of environmental public health challenges

NHS|
PROSPERO National Institute for

International prospective register of systematic reviews Health Research
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METHODS: meta-analysis approach

SEARCH STRATEGY
CRITERIA

* electronic database PubMed® for the period up to
June 2017

» * key words: AP, birth or pregnancy outcomes, PB,

LBW, spontaneous abortion, fetal death

e original studies, humans, English

ANALYSIS PROCESS

* Phase 1-Qualitative synthesis

> * Phase 2-Descriptive quantitative synthesis and

meta-analysis
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METHODS: meta-analysis approach

ANALYSIS PROCESS

l

Qualitative synthesis

l

Quantitative synthesis / meta-analysis

Pregnancy outcomes and AP

Potential confounding factors
(mothers, newborns, SES, adequacy of
prenatal care utilization, long-term trends,
season, meteorological parameters)

Assessment of AP exposure
* routine monitoring data (MS)

* modelling approaches

* personal monitoring, biomonitoring,
and exposure to traffic

Gestational windows of exposure

» definitions of gestational months and
weeks of exposure (month 1: weeks 1-
4,..month 9: weeks 36-40)

» Effect estimates

» fully adjusted single pollutant models

* linear regression coefficients, odds
ratios (ORs) and relative risks (RRs)

* Pooled effect estimates (expressed as
OR) for PTB)

e Statistical package Review Manager
(RevMan) version 5.3

* Heterogeneity of study results (1) - the
percentage of the variability in effect
size that was due to heterogeneity
rather than chance
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SEARCH STRATEGY
CRITERIA

Records identified through PubMed
searching (n = 147)

RESULTS

Records excluded:
* language other than English (n=15)

h

Title/abstract review (n = 126)

Phase 1

v

* review articles excluded (n=6)

Records excluded:
* animal population (n = 1)

¥

Studies inclided in qualitative synthesis of
pregnancy outcomes, outdoor air pollutants,
confounders, exposure assessment
(n=96)

Rligsibility

v

* no (protocol of) investigation of the
association between air pollution and
pregnancy outcome(s) (n = 29)

Records included:
* pregnancy outcomes: PTB, LBEW, BW or

¥

Studies inclided in qualitative synthesis of
gestational window of exposure (n = 51)

Phase 2
Incluied

v

TUGR/SGA
* gutdoor air PD]]I]tE.‘I]tS: ?leh ?Mz_j,NDz=
COor O;

Pecords included:
*» gestational window of exposure: 1%t 274, 3¢

h

Studies included in descriptive quantitative
synthesis of ESs (n = 48)

Figure 1. Flow chart of selection of studies.

v

trimester, entire pregnancy, 1% or last
gestational month

* measwres of association: linear regression
coefficient, OF and RR

retrospective cohort design
(n=45)

routine AP monitoring and birth
records data

median sample size was 37.339
births

North America (n=54), Europe
(n=17), Asia (n=11), South
America (n=9) and Australia
(n=5)

time period: less than a year to
31 years, most commonly 3-5
years (n=41)
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RESULTS

Pregnancy
outcomes

PTB, LBW, congenital anomalies and small for gestational
age/intrauterine growth restriction (SGA/IUGR)

different definitions for the same outcome

* PTB was defined as birth <37 weeks of gestation; PTB was categorized by
different completed weeks of gestation: 20-23 (Padula et al., 2014a), 24-27
(Padula et al., 2014a), 20-27 (Padula et al., 2014b; Stieb et al., 2016),...

* LBW/VLBW was defined as weight <2500/<1500 g at birth
* SGA/IUGR were defined as BW<10th percentile for gestational age

Atmospheric
pollutant

PM,,, PM, c, NO,, CO, and O,

e different definitions of the same exposure group
e chemical constituents of the same particle group

* PM, c chemical constituents: chromium, copper, iron, manganese, nickel,
vanadium...

* measured exposure to mixtures of pollutants

Impacts of NO, and PM, - on PTB were most commonly investigated in

the included studies, followed by the effect of PM,, on PTB. PTB, LBW
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RESULTS

Potential
confounding
factors

maternal covariates
* age, education, race/ethnicity, SES

* smoking during pregnancy, exposure to environmental tobacco smoke, alcohol
consumption during pregnancy,

* BMI, history of adverse pregnancy outcomes, other maternal risk factors during
pregnancy (gestational diabetes, hypertension, chronic heart,...)...

newborn
° sex,

e gestational age...

long-term trends and seasonal fluctuations

* month/season/year of conception/last menstruation period/birth

meteorological parameters

* temperature, relative humidity
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Phase 1-QUALITATIVE

SYNTHESIS RESU I_TS

L] Exposure Pollutants Time Spatial Address n  References
* based on routine = R
SOz NOz, CO, O3, PMjo, PM:s, Daily Res. atbirth ~ No 7 Darrow et al., 2009; Faiz et al., 2012; Gilboa, 2005;
- PMas cc Gray et al., 2010; Marshall et al., 2010; Rich et al.,
m o n ito ri n d at a 5 2009; Wilhelm and Ritz, 2005
s
g g SOz, NO, CO, O3, PMio Daily AUatbirth  No 2 Hansen etal., 2009; Ritz et al., 2002
E 2— PMyo Daily Res. during Yes® 1 Zhao et al., 2015
. ' pregnancy
® A re a _W I d e 'é 3' NOz, CO, PM: s Daily AU at birth Yes' 1 Ritz et al., 2007
= SOz NO:, CO, O3, PMjo, PM:s, Weekly AUatbirth ~ No 3 Chang etal., 2012: Green et al., 2015; Morello-
) PMas10 Frosch etal., 2010
° N earest M S v OuPMis Weekly Res. atbirth  No 2 Percira et al,, 2014; Warren et al., 2013
:E E?L NO2, NOy, €O, O3, PMuo, Monthly Res. atbirth ~ No 2 Laurentetal, 2013: Wu etal., 2011
' 2.5
] . . i S0z, NO, NO,, CO, Os, PMyp, Monthly AUatbirth  Yes® 1 Brauer et al., 2008
e IDW -multivariate P ,
NO, NOs, CO, O3, PM 0, PM:5 Daily Res. during Yes® 5 Mobasher et al., 2013; Padula et al., 2013a, 2013b,
M M M regnancy 2013¢, 2015
interpolation with a known s R o I Y FRE
pregnancy
E scattere d set of 0o | nts Z  NO.CO,PM PMss Daily Res. atbirth  No I Padulaetal, 2014a
X p O S u re p g S0, 03, PM ;o Daily AU at birth No 1 Dugandzic et al., 2006
S0z, NO, CO, O3, PMo Monthly AUatbirth ~ No 3 Hwangetal., 2011, 2015; Lin et al., 2015
PMas, PMas cc Monthly Res. at birth  No 1 Ebisu et al., 2014
a S S e S S I I I e n S0z, NO2, NO, CO, Os, PMy, Monthly AUatbirth  Yes’ 1 Brauer et al., 2008
h PM:s
Exposure estimate model Pollutants Time resolution Final area of Address n References
observation change**
Dispersion models
CALINE 4: Gaussian plume NOw PM:5. 8Os, Daily, Annual Res. at birth No 2 Rogers et al., 2000; Wu
* based on modelled data el
' MHI-Airviro Gauss dispersion NOx Temp. adj. (MS) 100 m=100 m during Yes' 1 Olsson et al., 2015
model and wind model pregnancy
° L U R d CHRONOS Oy Temp. adj. (MS, IDW, monthly factor) 21 km*21 km during Yes® 1 (Lavigne et al.. 2016)
pregnancy
m O e S ISCLT3 BTX, Annual AU at birth No 1 Lupoetal., 2011
H H Dispersion model, satellite images, NO: Hourly Res. during pregnancy ~ Yes® 1 Clemente et al., 2015
e Dispersion models g
Photochemical models
. CMAQ PMas ce Weekly and daily 12 km12 km at birth No 2 Warren et al., 2012,
 Ph h | model
P Otoc em Ica mo e S Statistical fusion of MS dataand SO, NO»,CO,  Daily 3 Chang et al., 2013; Ha
CMAQ O3, PMig, PM:s, etal,, 2014; Hao et al.,
. PMos cc 2015
[ C h | d | PM:5 Weekly 1 Chang et al., 2012
e m I ca m O e S O Daily AU at birth No 1 Warren et al., 2013
Statistical fusionof MS dataand ~ PMas Daily AU at birth Yes 1 Berrocal et al., 2011
H CMAQ. kriging, stochastic
e Spatio-temporal models (o
Chemical models
Chemistry CATT-BRAMS model  CO, PM: s Daily AU at birth No 1 da Silva et al., 2014
Satellite data and simulations with  PM: s Temp. adj. (for seasonality, monthly ~ Hospital of birth No 1 Fleischer et al., 2014

the GEOS-Chem-global 3-D factor)
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Phase 1-QUALITATIVE

SYNTHESIS R ES U LTS

Table 2: Distribution of included studies by defined gestational windows of exposure for
selected pregnancy outcomes and selected ambient air pollutants.

PMo PMa:s NO: CO O3

PTB
. 1. trimester 11 12 12 8 9
G.eStathnal 2. trimester 7 9 10 5 6
windows of 3. trimester 5 6 7 3 4
exposure Entire pregnancy 6 13 8 5 5
Last 3 months 2 2 1 2

l LBW (<2.500 g)

1. trimester 4 3 5 4 5
: 2. trimester 4 4 6 4 6
Ist, 2nd, 3rd trimester 3. trimester 5 4 6 5 6
. Entire pregnancy 6 11 9 5 4
Entire pregnancy 1.-4. week+1. month+1.-6. week | / 2 2 1
. Last 6 weeks+last mont +last 4 weeks 1 / 2 2 1

First and last month of BW
1. trimester 7 6 10 4 4
preg na ncy 2. trimester 7 7 10 4 4
3. trimester 7 5 10 4 4
Entire pregnancy 7 10 10 4 3
1.-4. week+1. month+1.-6. week / 1 / T
é@m - j@mpl ..j@,.ygm 2 ) Vigaton ) e gtion ) 2 months / 1 / /A
: O ) Last 3 months / 1 / T
E \ Q ngg Last 2 months+last 8 weeks / 1 / / /
R it il : Last 6 weeks+last month+last 4 weeks 1 3 1 1 1

: JO& &— T SGA/TUGR (BW<10" percentile for gestational age)

: | gqE — 1. trimester 2 1 4 2 3
Ly 9 — 2. trimester 1 1 5 2 3
- i E— 3. trimester 1 1 5 2 3
g ™ Entire pregnancy 1 3 4 1 1
* 8. month 1 / / /o
9. month 1 / / /o
Last 6 weeks+last month+last 4 weeks 1 / 2 2 2
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Phase 2

META-ANALYSIS RESULTS

Summary of pooled effects estimates, expressed as odds ratios for preterm birth
(PTB) for increased exposure of ambient air pollutants;
10 ug/m?3 increment in PM,, (closed square) or PM, . (open triangle)

PM10 PM2.5
1. trimester T |__'E'_'_| 1 12
2. trimester I__._:fl 7 9
2 trimcter | | PM and PTB (entire preg.)
| i >0 the polled EEs per 10 pg/m?3 increase in
st month + . - i 4 pollutant concentration were 1.09 [95%

confidence interval (Cl), 1.03-1.16] for

Last month -+ T A 10 9 PMlO and 1.24 (108-141) for PM2_5.
Entire preg. -+ T A 6 13

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5
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Phase 2

META-ANALYSIS RESULTS

Forest plots of odds ratios for preterm Fgreﬁt plots fOf odds ratlgs for preterm
birth (PTB) for increased exposure 10 irth (PTB) 3Qr increased exposure 10
ug/m3 increment in PM., ug/m? increment in PM; s
. 2.1.6 Entire pregnancy
1.1.6 Entire pregnancy Brauer 2008 43% 1.79[1.12, 2.87]
: . Chang 2012 56%  147[1.03,2.10]
Dibben 2015 3.2% 1.05[0.76, 1.44] Ch::g peb iy 671125, 080
Hao 2016 218%  1.06[1.01,1.11] - Fleischer 2014 90%  0.96[0.90,1.02] -
Padua2014Dec  233%  1.18[1.14,122) * Ha 20 % 100121, 138 _E
Wu(a) 2011 144%  1.08[097,1.20] T ot 9% Lol .
Wu(b) 2011 16.9% 1.12[1.03,1.22] - Lavigne 2016 89%  1.22[1.13,1.31] -
Zhao 2015 20.4% 1.02 [096, 108] -— Padlfla 2014 Dec 9.0% 1.81[1.71,1.91] -
Subtotal (95%CI)  100.0%  1.09[1.03, 1.16] < I o1 o7 10 3
Heterogeneity: Tau? = 0.00; Chi? = 24.01, df = 5 (P = 0.0002); I = 79% m:; 2811 g;: :‘1’8 {?33 :;‘25: I
u 4 3 .00, 1. [
Test for overall effect: Z = 2.80 (P = 0.005) Subtotal (95% Cl)  100.0%  1.24[1.08, 1.41] <>
Heterogeneity: Tau? = 0.05; Chi? = 391.00, df = 12 (P < 0.00001); I = 97%
} - } | Test for overall effect: Z = 3.12 (P = 0.002)
05 07 1 15 2 o o
Control 10 ug!m3 increase in PM . 0.5 0.7 1 15 2

Control 10ug/m % increase in PM 25
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Phase 2

META-ANALYSIS R ES U LTS

Summary of pooled effects estimates, expressed as odds ratios for preterm birth (PTB) for
increased exposure of ambient air pollutants; 10 ppb increment in NO, (open square) or
O; (circle), T ppb increment in CO (closed triangle)

NO, CO O,
s S 12 8 9
KA
s = 10 5 6 O, showed significant association with
o PTB: the polled EEs per 10 ppb increase in
f : 7 3 4 O, concentration were 1.03 (1.01-1.04) for
entire pregnancy.
'5*:;_, o 4 9 CO also showed possible association with
o PTB in entire pregnancy exposure: the
g 8 97 polled EEs per 1 ppb increase in CO
| ) 8 5 & concentration were 1.36 (1.15-1.62).
K

0.7 08 09 10 11 12 13 14 15 16 1.7
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FUTURE EPH CHALLENGES

In this systematic review, we have revealed many methodological

problems related to investigation of effect of AP on pregnancy outcomes

* updated current scientific evidence
*  pregnancy outcomes
 atmospheric pollution
* AP exposure assessment

e potential confounders L
«  gestational window of exposure 2 E% T
- a -
* improvement of scientific evidence N e N O
7 L :
?\é‘ / = i
L
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P
FUTURE EPH CHALLENGES

 PTB and LBW were most frequently investigated outcomes
e different subcategories of PTB might have different etiology

e cut-off value of 2.500 g for LBW may not be appropriate for all settings
(VLBW and extremely LBW: BW less than 1.500 and less than 1.000 g)

* Dbirth records as a source of pregnancy outcome
* monitoring programs/registries/perinatal information systems

* Limitation
« gestational age misclassification (first day of the last menstrual period)

e exposure misclassification (occupational exposure, changes of maternal
residence address)

Pregnhancy outcomes overlap either in terms of definitions or one

outcome may be a risk factor for another
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Atmospheri
FUTURE EPH CHALLENGES

* NO, and PM,  were most commonly observed pollutants

* routinely monitored at MS
 marker for traffic-related AP

* Size and chemical composition of PM influence its health effects
* marker for traffic-related AP
* UFP effects on health outcomes (not routinely monitored pollutants)
* the effect of mixtures of pollutants

Different range of approaches in included studies from simple (e.g.

calculating indexes of AAP) to complex ones (e.g. building multi-pollutant
statistical models)
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Ex
FUTURE EPH CHALLENGES

* Routine monitoring at MS
* easily accessible and available for a relatively long period of time

* not optimal for exposure assessment (predetermined set of pollutants, methods,
missing data)

* Modelling approaches

e spatially more precise exposure estimates
» different models (input data, modelling technique,..)

* Future approaches
 maternal time-activity patterns, address changes and indoor exposures
« MS, modelling approaches

Comprehensively reviewing exposure assessment approaches according

to observed ambient air pollutants, time and spatial resolution, modelling
tools/techniques and maternal time-activity patterns
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Confoundi
FUTURE EPH CHALLENGES

* many factors influencing pregnancy outcomes that vary in space
and time simultaneously with AP

e accurate data on all potential confounders are usually not available
* maternal smoking
* alcohol consumption
* pre-pregnancy BMI

» that different measures of SES probably need to be constructed
in each country
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Gestational

WY e FUTURE EPH CHALLENGES

exposure

* Pregnancy trimesters and entire pregnancy were most frequently
defined gestational windows of exposure

* New approaches to account for time-varying exposures
* time series
e survival models
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Summary of

LIS FUTURE EPH CHALLENGES

estimates

PM10 PM2.5
1. trimester T |__AH1| 1 12
2. trimester T '__'_'g_x‘ 7 9
3. trimester " A 5 6
First month -+ i‘.. 4 4
Last month <+ ,:Hﬁ L 10 9
Entire preg. -+ T A 6 13 . ope .
e variability in observed EEs
e different input data

0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5

 methodological approaches

significantly increased risks of PTB for higher entire pregnancy
exposures to particulate matter
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FUTURE EPH CHALLENGES — REPRUDUCTIVE HEALTH

NEW STUDIES

adjusting for spatially and
temporally varying risk factors

DETERMINE POTENTIAL CRITICAL
WINDOW OF EXPOSURE

shorte_r es_tational vvindovvs and
biological mechanisms

STATISTICAL METHODS

using and developing appropriate
statistical methods - effects of multi-
pollutant environmental exposures

Important that appropriate policies are adopted on a global scale to

diminish AP emissions and to raise awareness of pregnant women
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GLOBAL QUALITY OF LIFE

* exposome concept - describe human environmental
HOLISTIC | (i.e. non-genetic)

APPROACH

* pregnancy may be the key starting point of describing
exposome (sensitivity and potential lifetime impact)

Internal Health

Exposure
P Dose Qutcomes

In utero Birth Childhood Adolescence Adulthood




