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Abstract

The aim of this study was to evaluate the association between exposure to ambient
air pollution and pregnancy duration, birth outcomes and children’s health.

The study was based on the data collected within the Polish Mother and Child
Cohort (REPRO_PL). The analysis of PM;o impact on birth outcomes and
children’s health was restricted to 920 mother—child pairs. Daily PM;, exposure
was calculated according to a predictive model in which the following variables
were included: district, distance between place of residence and main road, house
density, linear, quadratic, cubic trends and cyclic time trends.

The average value of daily PMj¢ concentration in ambient air was 32pg/m3.
The association between PM;, concentration in the second trimester of pregnancy
and birth length was of borderline significance (p=0.06). The other assessments
based on REPRO_PL cohort confirmed statistically significant relationship
between PAH metabolites and cotinine level in pregnancy and the child
cephalization index (p=0.04). Higher prenatal PAH metabolite concentrations
increased the risk of more frequent (>1/year) respiratory infections in children
during the first year of life.

Presented study provides evidence that PM;o and PAH exposure in pregnancy
might adversely affect fetal development and children’s health.
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1 Introduction

Nowadays, special attention is paid to the impact of air pollution on birth outcomes
and children’s health. Although, a growing number of studies in this field exist,
their results are not fully consistent, with some studies indicating that prenatal
exposure to air pollution could be a risk factor for shortened pregnancy duration
(or preterm delivery), decreased birth weight (or low birth weight), and other
adverse health effects [1-7]. During prenatal period there are critical windows for
the development of organs in which exposure, at the level that is not dangerous for
adults, may adversely affect morphologies and functioning of the systems. In
addition, reduction in fetal growth has been indicated to predict the occurrence of
diseases and neurodevelopment delay later in life [8].

2 The aim of study

The aim of this study was to assess the impact of exposure to air pollution on
pregnancy duration and birth outcomes based on the Polish Mother and Child
Cohort Study (REPRO_PL cohort). In addition the impact of air pollution on
children’s health, based on REPRO_PL cohort, has been discussed.

3 Material and methods

The study was based on data from the REPRO _PL cohort. The mothers’
recruitment and follow-up procedures have been published previously [9]. The
analysis was restricted to 920 mother—child pairs and the approval of the Ethical
Committee of the Nofer Institute of Occupational Medicine was obtained.
Information about the postal address of subjects was collected three times during
pregnancy (8th—12th; 20th—24th; 30th—34th week of gestation) and, moreover,
within a week after delivery. Any address changes were noticed and included in
the analysis. Based on this information, a daily PM level during pregnancy was
assigned to each woman using predictive modelling. The model included the
following variables: voivodeship (administrative subdivision of Poland,
corresponding to district or province), distance from the main road, house density
based on the CORINE Land Cover 2006 [10], days of exposure (linear, quadratic,
cubic trends) and cyclic time trends (sin and cos functions with periods from 1 year
to 3 months). Daily concentrations of PM;o were extracted from AirBase V6 [11].
The average exposure for the whole pregnancy period as well as for each trimester
of pregnancy was calculated.

Birth outcomes were measured by a nurse who assisted the birth and
included: weight (BW), length (BL) and head circumference (HC). In addition,
ponderal index (PI) [BW(g)x10%*(BL(cm))*] and cephalization index (CI)
[HC(cm)x10*/BW(g)] were calculated [12]. Pregnancy duration was estimated
using the date of the last menstrual period. Moreover, mothers filled in a detailed
questionnaire concerning socio-demographic characteristics (age, marital status,
parity, maternal education, employment), medical history, previous and current
pregnancies and lifestyle variables (smoking, alcohol consumption during
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pregnancy, pre-pregnancy weight and height, weight gain in pregnancy). Body
mass index (BMI) and gestational weight gain were further classified using the
existing guidelines [13, 14]. Information concerning active and passive smoking
was verified by the cotinine level in saliva collected in the third trimester of
pregnancy. The cotinine level was measured by LC-ESI-MS/MS method as
described by Stragierowicz et al. [15].

The statistical analyses were performed using R 3.0.1 package. Categorical data
were presented as numbers and frequencies (%), and continuous data were
expressed as mean value and percentiles. First we determined parental and
pregnancy factors associated with birth outcomes. Next step was to assess the
relationship between exposure to PM;o (for whole pregnancy and for each
trimester of pregnancy) and birth outcomes by means of the linear regression in
two models (to avoid excessive influence of extreme values, robust methods were
applied). In the first model we controlled a child gender and gestational age as
confounders; in the second we controlled all confounders obtained in the
multivariate analysis (determinants in the model were chosen according to
criterion p<0.1). Estimates are expressed as a change in birth outcomes for a
10 pg/m? increase in the mean PM levels at each woman’s residence during the
corresponding period.

4 Results

Basic descriptive data of birth outcomes are shown in Table 1. On average the
children were born at the 39.5th week of gestation (1.5 week) with the mean birth
weight of 3396 g (+460 g). Of all the births, 1.9% were classified as term with low
birth weight (birth weight <2500g and at gestational age >37 weeks).

Table 1:  Descriptive statistics of the pregnancy duration and newborns’
anthropometric indicators.

Birth outcomes Mean +SD | Median Range
Gestational age [weeeks] N=920 39.5 1.5 39.6 28.7-43.4
Birth weight [g] N=920 3396.0 | 460.2 | 3403.0 | 2150.0-5100.0
Birth length [cm] N=918 55.00 2.8 55.2 48.0-64.00
Head circumference [cm] N=918 34.00 1.6 34.3 31.0-39.00
Ponderal index [g/cm’] N=918 2.02 0.2 2.0 1.5-2.81
Cephalisation index [cm/g] N=918 100.5 12.2 101.9 74.5-148.8

Table 2 presents results of multivariate analysis of the relationship between
birth outcomes and selected factors describing pregnancy, mothers and children.
About 30% of the women were older than 30, majority of mothers were married
(78%) and 58% had no children prior to the current pregnancy. The recommended
level of gestational weight gain was achieved by 50% of the study participants.
About 10% of women consumed alcohol at least once per month in the pregnancy
period, and 14% were classified as smokers. Primiparous mothers, those with low
weight gain in pregnancy and smokers had newborns with a lower birth weight
(p<0.001). Mothers who were taller had bigger and longer babies (p<0.02). Girls

WIT Transactions on Ecology and The Environment, Vol 207, © 2016 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



206 Air Pollution XXIV

(#00°0) 8Z- | (80°0) €00 (20'0) €0 (o) ¢o | (1000>) sve1 | ($0) 800 (Tey) 1<
«(8°1S) 0
Keg
(o) 91~ ¥'0) 200 (8°0)¥0°0- | (8°0)L00 (t0) T8¢ ($°0) 600 (L'81) 01>
Lo Lo (6°0) 10070 (T0) €0 Loro (8°0)8LT Lo ro- (0°6) 001-01
(100°0>) 6°¢- | (80°0) #0°0 (€0°0) €0~ 0 zo (€0°0) 6°¢8 (10°0) 0 (L'22) 005001
+(9°61) 00S <
[syueyiqeyur “snoyy] 9ouopIsar Jo 2ol
«(S"61) paAordwdun
(s°0) 8°0- (¥'0) 200~ (o) zo (60°0) 70 (T0) 96v (8°0) ¥0°0 ($°08) pokorduyg
J3)SaWILI) ISI1Y 9y) Ul Snjeis HEOE%EQEM
(8°0) €0- L0) 100 #0)T0 (6'0) S0°0 (s'0) s'ze (9°0) 60°0 (F'$9) Ti<
(5060 (8°0) 100 (L'0) 800 Lo 1o (L'0) ¢81- #o0 o (T19) T1-6
(€1 6>
[uoneonpa jo s1eak] uoneonps [euIdIeIN
#(9°LL) poLITe]N
Fo0 o1 (60) 1000 (Lo 10" r'0)T0- #'0) 99¢- ($°0) 6070~ (¥'z) d18uIg
snjejs [ejlejN
(8'0) T0- (10°0) S0°0- (€070 (€00) S0 (9°0) 6°L1 (o) zo- (L'0€) 0€<
+(€69) 091
[s1e9A] 93¢ [RUIOIBIN
D Id OH 1d M vD
(d) yua1013J209 UOISSAIZY (uonendod [8101 JO %) 10j0B ]

“ULIP[IYO PuE SIdYjoW

‘Koueugord Jo sonsLIgOBIBYD PIJOS[AS PUB SAWOIINO YMIq Udamioq diysuonelar ay) Jo SISA[euUR dJeLIBAD[NW JO SINSOY 7 J[qel

WIT Transactions on Ecology and The Environment, Vol 207, © 2016 WIT Press

www.witpress.com, ISSN 1743-3541 (on-line)

&



Air Pollution XXIV 207

*dnoi3 ooud1gyor — , ‘xopur uonesieydos — [ ‘xopul [e1dpuod — [d {90UIIFWNIIIO PBAY — DH
‘apSuol yuIq — 19 ‘WIom yuiq — pg oFe [euonelsed — yo ‘pourad [ennsuowr )se] — JINT 1593 Py Ul 9oueoyiudis [eonsnels — d :puego

+(0°05) SleN
(€000) ¥'C #0) 100 | (100°0>) 9°0- | (100°0>) 6°0- | (100°0>) 6'F€1- ($°0) L0°O~ (0°05) arewog
Iopuod SUIOqMON
+(T°06) y3uOW/20U0 ULY) SSIT
(To et (1°0) ¥0°0- (To)co- (80) 90°0- (60°0) €8~ (o) eo (8°6) ypuour/eouQ
Koueu3aid ur uondwnsuod (0o
(1000>) 95 | (90 100 L00) €0- | (1000>) 0'1- | (100°0>) 6 10T (zo)To ($°¢T) Tw/Bu o<
#($798) [w/3u 01>
~o>2 oEﬁﬁoU
(60°0)800- | (#0) 1000 | (80°0) 100 | (10°0) €00 (20'0) Tt ($°0) 10070 (0°97)L91 (QS) uesw HYSIAY [BUISIBIN
(50°0) TT- (¥'0) 200 (60) 100 (€0 €0 (90°0) ¥'LL (10°0) ¥°0 (Z02) ystH
+(0°0S) popuAWIIOoay
(1000)Z¢ | (S0) 100 ($0°0) €0 (1000) 9°0- | (100°0>) £9¢1- (9°0) LOO (8°67) Mo
ured Jy3rom [BUONRISID)
(€0 ti1- (€°0) 200 9010 (s'0)z0 (60°0) €°SL (zo)zo- LD sT<
+(0'vL) 6677581
Loso (8°0) 100~ ($0) 1°0- (To) 0" ($°0) 8¢~ (€0°0) ¥°0- 0'6) 81>
FE\wV: TNg Aoueudaid-a1g
(o) L'1- (60°0) ¥0°0 (S0 10" (€0 €0- o) 1LE (9°0) 60°0- (#°07) Sundg
(8°0) €0- (9°0) 10°0- (1o €0- (60) 200 Lo oLi- (6°0) 200 (€'12) Iopurpy
(L00) 61~ L0) 100 S0T10 (90°0) 0 (00 t'sL (9°0) 900~ (s°¢¢) red
+(6't7) Iowmng
&zdmoﬁsmmom
D Id OH 14 Mg VD
(d) 1u91013J200 UOISSAIZAY (uoryerndod [e30 JO 9;) 10308,

‘panunuo) iz 9|qel

WIT Transactions on Ecology and The Environment, Vol 207, © 2016 WIT Press

www.witpress.com, ISSN 1743-3541 (on-line)

&



208 Air Pollution XXIV

weighed less, were smaller and had smaller head circumference compared to boys
(p<0.001). Shortened gestational age was associated with pre-pregnancy
underweight (p<0.03), whereas longer pregnancy duration was observed for the
women with high weight gain in pregnancy (p=0.01).

Characteristics of exposure variables are presented in Table 3. The mean
residential outdoor PM;o level was 32 pg/m>. In the case of 38% of the women,
PM concentrations exceeded WHO limit values [16] on at least 35 days during
pregnancy period. Individual PM; levels for each trimester were well correlated
with PM levels for the whole pregnancy (correlation coefficients ranging from
r=0.5 to r=0.8; p<0.001), and slightly between themselves (with correlation
coefficients ranging from r=0.2 to r=0.3; p<0.001).

Table 3:  Descriptive statistics of individual exposure to PMo during different
pregnancy periods and the relation between total and partial exposure.

Pregnancy | Mean | Percentiles [pg/m?] Pearson’s correlation

period (SD) coefficient
[wgm’] 755750 [ 75 | Range Ist 2nd 3rd

trimester | trimester | trimester

Ist 313 244 | 30.8 | 383 | 8.4-58.7

trimester  [(9.6)

2nd 325 26.1 | 33.1 | 393 | 8.0-57.1 0.3*

trimester  [(9.5)

3rd 30.7 22.1 | 30.0 | 38.2 | 8.1-61.7 -0.2% 0.3%

trimester  [(11.1)

Whole 315 27.1 | 314 | 36.2 | 14.8-49.2 | 0.5* 0.8*% 0.6*

pregnancy |(6.4)

Table 4 presents results of PM;o exposure impact on pregnancy duration, and
birth outcomes. The analysis indicated a statistically significant negative
relationship between PM;o exposure and birth length (Model 1). This association
was significant for the second, third trimester and the whole pregnancy period
(B=-0.01; p=0.04; B=-0.02; p=0.02; P=-0.02; p=0.03 respectively). After
adjustment for potential confounders the same pattern persisted (Model 2) — the
results were of borderline significance for the second trimester of pregnancy
(B=-0.02; p=0.06). For other periods as well as for the whole pregnancy regression
coefficients were not statistically significant. Model 1 was adjusted for gestational
age (except for model for gestational age) and neonate gender, Model 2 was
adjusted for all confounders.
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5 Discussion

Findings from the REPRO_PL cohort suggest that prenatal exposure to outdoor
air pollution, expressed by PM o concentration, affects birth outcomes, especially
by reducing child length.

The results of some studies evaluating the impact of air pollution (with the
measurement of different pollutants, by means of different methods of exposure
assessment and using different study design) on pregnancy duration and birth
outcomes are mixed and inconclusive, although some of them indicate that such
associations exist. The analysis, as the part of European Study of Cohorts for Air
Pollution Effects (ESCAPE), based on data from 14 population-based mother and
child cohort studies indicated that PM;o concentrations were higher in central and
southern countries than in northern ones (with mean PM;, concentration during
pregnancy for pooled cohort equal 25.4 pg/m? as lower than noted in REPRO PL
cohort) [4]. The other observation made by The International Collaboration on Air
Pollution and Pregnancy Outcomes (ICAPPO) showed that median PM;
concentrations in the Generation R study (the Netherlands) was similar to, and in
the EDEN cohort (France) was lower than noted for the REPRO_PL cohort [2,3].
Based on the ESCAPE assessment 16% increase in risk of low birthweight at term
was associated with an increase of PMjo exposure by 10 pg/m’ [4]. In analysis
made by ICAPPO group the risk of low birthweight associated with a 10 pg/m?3
increase in average PM;o concentration during pregnancy ranged from 0.63 (95%
CI 0.3-1.4) in the Netherlands, and to 1.2 (95% CI 0.6-2.2) in Vancouver, with 6
research groups (out of 13) reporting statistically significant adverse associations
[2]. After controlling for socioeconomic status, the reduction in mean birth weight
associated with PMj increase of 10 pg/m?® ranged from 2 to 20 g for most of
locations. In fully adjusted random-effects meta-analyses a 10 pg/m3 increase in
PM,, was associated with decreased term birthweight (-8.9g; 95%CI-13.2 to -4.6)
[3]. Similarly to our analysis, but based on NO, concentration in ambient air,
results of the Ballester study revealed that pollution was associated with change in
birth length of -0.3 cm (95%CI-0.5 to -0.03) [17].

Our study has several limitations. Firstly, the number of women included in the
study is rather small compared with that in other studies. Large sample size can be
achieved in cross-sectional studies, however, this approach has several limitations
mostly related to exposure misclassification and lack of data about confounding
factors. Secondly, we had no data on other pollutants (PM, s, SO, CO, NO>) for
which some associations with pregnancy duration and birth outcomes have been
identified. Consequently we cannot affirm that PM, is the pollutant component
associated with the outcomes measured or a proxy for other toxicants. In addition,
we did not have information on the indoor levels of air quality. However, the ETS
exposure as an important source of indoor air pollution was controlled for. Finally,
the exposure assessment created several limitations of the study. We assessed
PM, levels by considering place of residence of each participant; however the
individual’s precise exposure to air pollution would be expected to depend on
pregnant women’s location and activity patterns. We speculate that most study
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subjects spend the majority of time in their residential area (the majority of women
in this cohort discontinue working activity in early pregnancy). An additional
limitation related to exposure assessment is created by the fact that we were not
able to perform dispersion modelling or land use regression. Notwithstanding the
aforementioned weaknesses our study has several important strengths. In this
prospective study we followed pregnant women from early pregnancy and
assessed exposure, health outcomes and covariates with great detail. In our
analysis we had access to accurate information about each woman’s residence
throughout pregnancy including changes of the postal address. In addition, we
have included into the REPRO_PL cohort healthy women without any suspicion
of pregnancy complications at enrolment into the study which minimize the impact
of such conditions on outcomes of interest.

Results of several analyses performed based on a subsample of REPRO_PL,
concerning the prenatal exposure to polycyclic aromatic hydrocarbons (PAH)
(based on variety of metabolites) and its impact on pregnancy outcomes and
children’s health were published earlier [17-20]. Those analyses in consistency to
PM, assessment indicate that Polish pregnant women suffer from a higher PAH
exposure level than those in other western countries with living in the city centres,
usage of coal for residential heating and passive smoking as significant predictors
of PAH metabolites [18]. Statistically significant association was found between
the sum of 1-,2-,3-,4-, and 9- hydroxyphenanthrene along with cotinine level and
the cephalization index (p=0.04) [19]. Increased cephalization index, the ratio of
head size to birth weight, may suggest that growth restriction might induce a
“brain-sparing” process at developmental expense of other organs. This could be
a particular concern taking into account that children born with a larger head
circumference relative to the body weight score are significantly lower in
neurodevelopmental tests (IQ) and school performance and have a higher risk of
subsequent morbidity and mortality. Our other assessment indicated, although not
statistically significant (taking into account power limitations) a negative
association between 1-hydroxypyrene and child psychomotor development [20].
Finally, the higher 1-hydroxypyrene concentrations in urine increased the risk of
more frequent (>1/year) respiratory infections in children during the first year of
life (data not yet published).

The study findings indicate that prenatal exposure to air pollution measured by
PM o concentration may reduce child length. Taking into account a rather high
level of exposure to air pollution in our study population, its adverse effects
observed in our analysis and in other studies, as well as indicated long-term
consequences of such exposure, strategies to reduce air pollution should be
developed and enforced so as to prevent risk to child health and development.
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