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Abstract

Background: Recent studies have reported that air pollution exposure may have neurotoxic
properties.

Objective: To examine longitudinal associations between prenatal particles less than 2.5
micrometers in diameter (PM, 5) exposure and neurodevelopment during the first two years of
children’s life..

Methods: Analysis was conducted in PROGRESS, a longitudinal birth cohort between 2007-
2013 in Mexico City. We used satellite data to predict daily PM, 5 concentrations at high spatial
resolution. Multivariate mixed-effect regression models were adjusted to examine cognitive,
language and motor scores in children up to 24 months of age (n=740) and each trimester-specific
and whole pregnancy exposure to PM> 5. Results: Models adjusted by child sex, gestational age,
birth weight, smoking and mother’s 1Q, showed that each increase of 1ug/m3 of PM, 5 was
associated with a decreased language function of —0.38 points (95% CI: —-0.77, —0.01). PM> 5
exposure at third trimester of pregnancy contributed most to the observed association.

Conclusion: Our findings suggest that language development up to 24 months of age may be

particularly sensitive to PM, 5 exposure during pregnancy.

Keywords
neurodevelopment; PM, 5; particulate matter; prenatal exposure

INTRODUCTION

The impact of particulate air pollution has been the subject of a growing body of
epidemiological research around the world. In Mexico City (MC), the largest city of
Mexico and one of the most-populated city in North America. Exposure to particulate air
pollution has been associated with respiratory (Téllez-Rojo 2000, Rojas-Martinez 2007,
Barraza-Villarreal 2008), cardiovascular (Riojas-Rodriguez 2006) and cardiorespiratory
events (Carbajal-Arroyo 2010), and recently with neurodevelopment (Calderon-Garciduefias
2012). A possible pathogenic mechanism that associate prenatal exposure to particulate
matter and fetal brain development is an increase in reactive oxygen species (ROS). An
alteration in the systemic balance of ROS may induce pro-inflammatory reactions (Block
2009), particularly if the particles enter the blood stream,translocate the placental barrier
(Oberdoster 2004; Elder 2006) and cross the blood brain barrier (BBB), a border of
endothelial cells that prevents substances crossing into the extracellular fluid of the brain,
where neurons reside (PMID: 25147109). Local neuroinflammation in prenatal life may
inhibit neuronal differentiation, myelination and synaptogenesis (Johanson 2007).

Studies with mice exposed to particulate matter have demostrated alterations in
proinflammatory markers such as interleukin IL-6 and IL-1p (Guerra 2013). These
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inflammatory mediators may induce the production of nitric oxide (NO) synthase, wich
lead to opening the BBB (Calderon-Garciduefias 2008). Evidence from epidemiological
research indicates that early life exposure to particles less than 2.5 micrometers in diameter
(PM> 5) may affect children development, including reduced intelligence (Chiu et al.,
2016), decreased cognitive and psychomotor development (Lertxundi 2015), behavioral
development (McGuinn 2020) and patterns of hemispheric brain development (Cserbik
2020). . Studies focusing on PM, 5 prenatal exposure and developmental assessment at
different ages, have found a negative association with behavior scores in newborn (Chen
et al., 2000); behavioral and cognition development, particularly adaptive skills (McGuinn
2000) as well as memory, motor and verbal cognition (Lertxundi 2019) in children at

4-6 years of age; intelligence among boys and memory function in girls in children age
6.5 £ 0.98 years (Chiu et al., 2016) and child cognitive development in school children
(average age 8.5 years) (Basagafia et al., 2016). However, the language component in
early childhood, such as 0-2 years, has not been studied. To address these issues, we
examined the association between prenatal PM, 5 exposure and motor, language and
cognitive development among children up to 24 months of age in a birth cohort in Mexico
City.

MATERIALS AND METHODS

Study population

This study was conducted in the ongoing Programming Research in Obesity, Growth,
Environment and Social Stressors (PROGRESS) pregnancy-birth cohort in Mexico City.

A complete description of the cohort and study design is presented elsewhere (Braun

2014). Briefly, women were enrolled between 2007 and 2011 during their 2" trimester of
pregnancy in their prenatal care visits at 4 clinics belonging to the Mexican Social Security
System. The target population was restricted to women attending prenatal care less than 20
weeks pregnant, at least 18 years old, had planned to live in Mexico City during the next 3
years, did not consumpt alcohol daily, had no medical history of heart or kidney disease, and
had access to a telephone.

Of the 1054 mothers originally recruited, 106 were lost to follow-up because they did not
provide information of delivery. From the remaining 948 participants 760 mother-children
pairs returned for follow-up visits up to 24 months of chldren’s age, and among these,
seven did not complete development assessment due to concurrent illness or other factors
that could affect performance. We first restricted our analyses to the 753 mother-child pairs
whose children had at least one neurodevelopmental assessment between 6 and 24 months
of age, however 13 children were excluded: five for problems of development, three did not
have address information to assign air pollution exposure, two were very premature (<32
weeks of gestation), two were infants with very low birth weight (<1500 g) and one children
was both very premature and very low birth weight. The final analytical sample included
740 mother-child pairs .

All women received information about the aims of the study and research procedures, data
and sample collection. All participants gave written informed consent. Study methods were
reviewed and approved by the Research, Ethics and Biosafety Committees at the National
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Institute of Public Health, the Mexican Social Security System, and the National Institute
of Perinatology, in Mexico; the Harvard School of Public Health and the Icahn School of
Medicine at Mount Sinai in the United States.

Neurodevelopmental assessment

We used the Bayley Scales of Infant Development, Third edition (BSID-I11) adapted to
Mexican population, to assess cognitive, language (expressive and receptive communication)
and motor (fine and gross) development for children at ages 6, 12, 18 and 24 months
(Bayley-I11: Bayley, 2006, 2009). BSID-I111 test were administered to each children by
psychologists specifically trained for these examinations. To analyze the heterogeneity
between the different examiners, we applied a test of difference of variances and we did

not find any significant differences.

The BSID-I11 scales yield raw scores based on chronological age, to generate cognitive,
language and motor subscores based on US norms (with a range from 40 to 160 points).
We standardized raw scores for each domain using conversion tables provided in the manual
with an expected mean of 100 points and a standard deviation of 15 points (Cromwell 2014).

Exposure assessment

PM, 5 exposure data were generated through a satellite based hybrid model. The methods
used to obtain these estimates have been described previously (Just 2015) and are briefly
summarized here. The exposure model is based on Optical Depth (AOD) satellite data
calibrated with daily ground-level PM, 5 measurements using mixed models with random
slopes for day. The AOD data was combined with classic land use regression (LUR)
techniques and meteorological data for temperature, planetary boundary layer height,
relative humidity and wind speed to estimate daily PM, 5 in a 1-km x 1-km grid. After
model calibration, we used the coefficients of the calibrated model to predict daily

values of PM5 5 in each grid cell with available AOD data. Finally, to predict the daily
PM,, 5 concentrations in the cells without AOD measurements, the average PM 5 daily
concentrations were smoothed by season to impute predictions at these missing locations.

Exposure metrics

Covariates

For each children, we calculated the average level of PM 5 during the entire gestation and
each trimester of pregnancy. Based on PM, 5 previous estimates, each mother’s residence
was linked to 1-km x 1-km grid. We aggregated weekly averages of daily PM 5 starting
with the self-reported first day of the last menstrual period (LMP) as day 1.

The entire pregnancy exposure was calculated by averaging daily PM> 5 concentrations since
day 1 up to the delivery date. Then we estimated exposure of the first, second, and third
trimester of pregnancy averaging the PM, 5 concentrations over weeks 1 to 13, 14 to 26, and
27 to delivery date, respectively.

We obtained the following maternal information through standardized questionnaires: age
at delivery (years), education (years of schooling), smoking during pregnancy, parity,
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gestational age (weeks of pregnancy) and breastfeeding (never, exclusive at 1 month ever,
ever breastfeeding at 12 months). Mother’s intellectual coefficient was assessed at one
month postpartum using the Spanish version of Wechsler Adult Intelligence Scale (Wechsler
1981). The perceived stress of the mother was measured at third trimester of pregnancy

with the Perceived Stress Scale (Cohen 1994), which measures how stressful life events are
appraised.

When the children were 24 months of age, a Spanish version of the Home Observation for
Measurement of the Environment (HOME) Inventory score was administered during home
visits. HOME is an instrument that measures the stimulation and emotional support provided
to the children at home (Caldwell and Bradley 1984) and it is predictive of developmental
scores in early childhood (Torres-Sanchez, 2007).

Since epidemiologic studies have well documented that prenatal exposure to lead has an
adverse effect on neurodevelopment (Hu et al, 2006; Schnaas 2006, Sanders et al., 2009). ,
prenatal lead (Pb) exposure was assessed using maternal blood samples during the second
and third trimesters of pregnancy. Lead concentration was measured using a dynamic
reaction cell inductively coupled plasma mass spectrometer (Elan 6100; PerkinElmer,
Norwalk, CT) in the trace metals laboratory at the Icahn School of Medicine at Mount
Sinai. The limit of detection is 0.02 pg/dL and the details of sampling process have been
explained elsewhere (y Ortiz 2017). We also collected infant characteristics such as sex and
birth weight.

Statistical analysis

To assess the effect of prenatal PM> 5 exposure and cognitive, language and motor subtest
scaled scores by age, we used a mixed-effect regression model for a multivariate outcome
variable, wich allowed us to adjust for potential correlation between Bayley scores within
individuals over age and covariance among the three subscales. We performed separate
analyses for PM, 5 at each trimester of pregnancy as well as for the entire pregnancy
evaluating exposures as continuous variable associated with the three subtest scores
simultaneously. These scores were longitudinally assessed from 6 to 24 months of age
(McLean et al. 1991). The general structure of the models was:

Yijk = B+ B1PM3 5i + B2X; + Zijkvi + €ijk

Where Yk corresponds to the Bayley’s score (k=cognitive, language and motor) in the
ith participant at the j= 6, 12, 18 and 24 months of age; PM s; is the average exposure
during the different study time periods for participant i; X; are the fixed effects associated
with individual potential confounders that do not vary over time. Zjjy; are random effects
variables in participant i for assessment j.

For all models, we considered a random intercept (Bg) term representing overall
performance at each period of assessment and a random linear slope term representing
age at evaluation. We considered unstructured covariance because we were not imposing any
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constraints on the values. Since cognitive, language and motor scores were considered joint
measures we used independent covariance structure for the joint subscale measures.

Covariates with fixed effects (X;) included maternal age (years), maternal stress perception
during pregnancy, maternal education (years), parity (first pregnancy/more than one
pregnancy), maternal smoking (never smoking, ex-smoker, current smoker), maternal 1Q,
gestational age at birth (weeks of pregnancy), child’s sex (female/male), birth weight
(kilograms), breastfeeding history (never, 1 month exclusive, ever breastfeeding at 12
months), HOME scale scores at 24 months of age, and maternal blood lead (ug/dL). Factors
with random effect (Zjjky;) were age at evaluation j and Bayley subscales nested within age.

Since gestational age and birthweight may be on the causal pathway between PM, g
pregnancy exposures and development (Harris 2015), we restricted the analysis for those
children who were not very premature and/or very low birth weight.

In a first step, we ran fully adjusted models retaining all covariates in the multivariate model
for control of confounding regardless of their association with cognitive, language and motor
scales. In a second step, we adjusted models with stimulation at home

Finally, we excluded covariates such as lead exposure, breastfeeding and perceived stress
from the models to increase sample size since none of them significantly contributed to the
response. Regression models adjusted with a minimal set of covariates included sex of the
child, gestational age, birth weight, smoking and mother’s 1Q.

Sensitivity analysis was performed assessing the effect of prenatal PM, 5 exposure on
development functions without the stimulation at HOME variable and then with this variable
included in the model. Although home observation for measurement of the environment
scores were only collected at 24 months, that is 18 months after the initial assessment, it has
been observed stability of home environment with a median change score of zero for most
subscales, suggesting that measuring home environments every 2 years at early childhood
would be sufficient in longitudinal studies (Mitchell and Gray, 1981; Bradley et al, 1989;
Rousey et al., 2002).

We determined the goodness of fit of each model using residual diagnosis. We set statistical
significance at a p-value < 0.05. We used STATA 13© (Stata Corp., College Station, TX,
USA) for data processing and mixed-effect regression analysis.

RESULTS

Descriptive characteristics of the 740 mother-child pairs included in this analysis, and
participants excluded (noneligible) and lost to follow-up, are reported in Table 1.

The 740 children included in the analyses had a total of 2,233 BSDI-I1I evaluations (10.3%
had 1 evaluation, 13.3% had 2 evaluations, 26.9% had 3 evaluations and 49.5% had 4
evaluations). Cognitive, language and motor scores by age of assessment are reported in
Table 2. Girls showed significantly (p<0.05) higher performance than boys on cognitive
(96.7 vs. 94.6), language (87.4 vs. 85.1) and motor (94.0 vs 91.7) component (Table S1).
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The exposure levels of PM; 5 across the three trimester and during the entire pregnancy are
shown in Table 3. Mean levels of this pollutant ranged from 22.2 pug/m3 to 23.0 ug/m3.

In models adjusted by sex of the child, gestational age, birth weight, smoking and mother’s
1Q (minimally adjusted models), increased PM,, 5 predicted lower cognitive and language
scores. The most consistent results were in language assessment.

Table 4 shows the marginal effects and 95% confidence intervals of 1 unit increase in

PM, 5 on cognitive, language and motor composite scale scores. During the 6 months
assessment, cognitive and language scores significantly decrease with all-time windows
exposure. The marginal effects were larger for the entire pregnancy exposure. We estimate
an adjusted cognitive score reduction of —0.93 (95% confidence interval [CI] : —1.27, —0.58)
and an adjusted language score reduction of —0.95 (95% CI: —1.29, —0.60) at 6 months
assessment.Language scores also showed a reduction of —0.58 (95% CI: —-88 and —0.28) and
-0.38 (95% CI: —0.77, - 0.01) associate to total pregnancy exposures at 12 and 18 month
follow up respectively. However, no changes were observed in the motor component.

Effects of trimester-specific exposure yielded a similar effect for third trimester average
exposure on cognitive domain at 12 (=0.26 points; 95% CI: —0.45, —-0.07) and 18 (-0.20
points; 95% CI: —0.39, —0.01) months assessment and language domain at 12-month follow-
up assessment (—-0.27 points; 95% CI: -0.47, -0.08).

Figure 2 illustrates the mean changes scores of the minimally adjusted model for the three
domains of development (cognitive, language and motor) associated to changes in PM> 5
mean exposure of the entire pregnancy over the follow-up period. Children at 6 months of
age have lower cognitive scores expected for this age, but in the follow-up no changes were
observed.

In fully adjusted models, all pregnhancy, second and third trimester exposures were
associated with a decrease in cognitive and language scores at 6 months of age.
Nevertheless, third trimester and all pregnancy exposures associated with cognitive and
language function at 6, 18 and 24 months were most of the times attenuated and motor
function significantly increased at 18 and 24 months follow-up (Supplemental Material,
Table S3).

DISCUSSION

We found negative associations between prenatal PM, 5 exposure during all pregnancy and
language function at 6 months, 12 months and up to 24 months of age. Our findings suggest
that PM, 5 exposure during pregnancy modifies the performance of language function in
early childhood. These results were strongest in the 6 month old assessment and the
magnitude of the association remained stable after including stimulation at HOME as a
potential confounding variable.

The mechanisms by which air pollution could affect fetal neurodevelopment include
intrauterine inflammation, which contributes to cell loss within the central nervous
system (Brookmeyer 2016). Gestational exposure to PM, 5 may increase maternal
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oxidative stress that leads to an increase in pro-inflammatory cytokine production (Xu
2012) with subsequent placental dysfunction. Similarly, increased fetal oxidative stress
produces cytokines that modulate various neurodevelopmental processes, including cell
differentiation, maturation and survival (Fest 2007, Meyer 2007). In addition, it has

been proposed that the finest particles can reach endocrine glands and cause alterations

in the endocrine system (Predieri 2020). Epidemiological evidence suggested that first
trimester hypothyroxinemia, when neuronal migratory starts, increases the risk of poor
neuropsychological development of the fetus due to a decreased availability of maternal
thyroxine (T4) to the developing brain (Morreale de Escobar 2000). Furthermore, it has been
suggested that gestational exposure to PM, 5 increases levels of apoptotic proteins during an
important stage of brain development (Zheng 2019).

How PM, 5 in utero exposure might influence language development in early childhood

is not well understood, however, the hypothesis is that early language development may

be affected through cell loss that inhibits processing of available linguistic information
(Brockmeyer 2016, Bates 1992). It is known that communicative interaction among parents
and children starts in utero, as early as the third trimester of pregnancy, when human fetus
brain is ready to learn and it is capable of learning some aspects of speech, including speech
sounds. Therefore, infants are capable of perceiving the speech at birth and/or within the
first months of life. (Bates 1992). Accordingly, we found negative associations up to the first
year of life with exposure to PM5 5 during the whole pregnancy and the third trimester of
pregnancy. Previous studies that assessed language or verbal domain showed inconsistent
results. In children ages 4 through 6 years, a negative verbal domain was associated with
exposure to PM, 5 during the whole pregnancy (p = —0.30; ClI 95%: —0.78, 0.17), though it
was not statistically significant. However, after stratifying by sex, the associations become
negative and statistically significant for boys (B = —0.68; Cl 95%: —1.34, —0.02), but not for
girls (B = 0.05; ClI 95%: -0.76, 0.85). Another study observed similar results in children at
15 months of age, an age group included in our study. PM> 5 exposure during pregnancy was
not significantly associated with a decrease of language development (B = —0.64; CI 95%:
-1.64, 0.36) (Guxens 2014),

We also found an adverse association of PM 5 exposure during the whole pregnancy with
cognitive development through the first 18 months of life, but the association does not
persist up to 24 months. This is consistent with previous research that observed that an
increase of 1pug/m3 of exposure to PM, 5 over the whole pregnancy was associated with
decreased in the cognitive ( = —0.70; 90% ClI: -1.17; —0.23) development scales at 15
months of age (Lertxundi 2015).

In addition, cognitive and motor results in our study showed increasing scores up to 24
months with all the exposure metrics except with the third trimester exposure. However,
these higher scores were not statistically significant.

Estimated associations of PMs, 5 during all pregnancy and language development in fully
adjusted models were similar to those obtained by minimally adjusted models, but with
no statistical significance (p=0.073 up to 12 months and p = 0.064 up to 24 months).
However; it may be due to the low levels of statistical power when covariates were
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included in the model. In fully adjusted models, predictors of function development such as
maternal stress and prenatal lead exposure, indicated that both parameters had not significant
associations with the outcomes. In addition, it is important to note that we considered
potential confounders like socioeconomic status and important determinants of a childrens
such as parity and breastfeeding, but including these variables in the model reduced the
sample size and did not contribute substantially to the estimates.

Consistent with previous research, boys lag slightly behind girls in most measures of
cognitive, language and motor development (Chiu 2016). One explanation is that boys
may be more vulnerable to prenatal oxidant damage and may have greater response to

air pollution exposure during early development (Minghetti 2013). Since there was an
indication of a larger effect on males, we examined the interaction between sex and PM» g
but found the coefficients were not significant. We did find stronger negative effects on
cognitive scores in boys and language scores in girls (FS2 supplemental material).

Our study has some important strengths. These include a novel high-resolution satellite-
based model in our PM, 5 exposure estimates, which allowed us to overcome many of

the spatial coverage and interpolation problems that occur when using only data from
monitoring stations. We also adjusted for important confounders and covariates that enabled
us to take into account the effects of these factors. However, some limitations should be
noted. We used each mother’s residential location at time of recruitment to assign PM; g
exposures, and it is possible that movements throughout the city could change the level

of exposure. However, studies with prenatal residential address history suggest minimal
exposure misclassification when using address at conception, since it may not significantly
differ from address at delivery, even amongst movers (Hodgson 2015). We also were unable
to control for postnatal PM> 5 exposure. Even so, studies have reported that results do not
change when postnatal PM, 5 exposure is included (Chiu 2016). Moreover, we hypothesize
that if we have great variability in exposure, children with very high or low PM, 5

estimates, it may attenuate associations towards the null due to exposure misclassification.
Finally, although we assessed a highly susceptible period to environmental factors, further
research will be required to understand the overall association between PM, 5 and children’s
neurodevelopment. Another limitation is that only 740 mother—child pairs were included for
the study among the 948 mothers with delivery information. Nevertheless, there were no
significant differences in maternal characteristics between the two groups. .

CONCLUSIONS

In our study, exposure to PM> 5 during pregnancy showed a consistent pattern of language
deficits in children up to 2 years old, which may have important consequences in later
academic success and social adaptation (Bashir 1992). Because language development
is fundamental for reading and writing skills (Donahue 1986), health benefits might be
achieved through regulatory interventions that reduce such exposure during pregnancy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 2.
Changes in cognitive, language and motor functions associated with each 1 pg/m?3 increase

in PM2.5 mean exposure of the entire pregnancy.
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Selected mother-child pairs characteristics of the study sample (n=740)

Table 1.

a

Characteristics

Included (n=740) b Lost to follow up and excluded (n=208)

Mother

Maternal age (years)

Maternal education (years)

Parity
1
22
Smoking
Never
Ex-smoker

Smoker
Maternal 1Q ¢

Blood lead (ug/dL)d
2nd trimester
3rd trimester

Children

Sex (% boys)

Gestational age (week)

Birth weight (Kg)

Breastfeeding
Never
No exclusive
Exclusive

HOME score

27.1+55
11.6+29

267 (35.8)
478 (64.2)

(45.8)

(19.4)

(34.8)
84.9+12.7

34+29
3.6+3.2

52.2
389+14
31+04

45 (6.4)
471 (66.9)
188 (26.7)
31755

274+55
11.9+33

71(35)
132(65)

(38.5)
(26)
(35.5)
83.8+16.6

3.4+3.0
43+35

53.9
347+43
29+0.7

6(9.2)
45 (69.2)
14 (21.6)
31851

Values are percentages for categorical variables and mean + SD for continuous variables.

Page 16

a.. . . . . . . . - S
Differences tested using chi-square for categorical variables and t-test for continuous variables. Differences were not statistically significant

between participants included in the analysis and those who were lost to follow-up, except for maternal education.

bSampIe sizes for covariates: maternal education n= 740; parity n= 452; prenatal smoking n= 464; mother’s IQ n= 714, blood lead levels (3T) n=
738; blood lead levels (3T) n= 653; breastfeeding n= 697; HOME n= 449.

cWechsIer Adult Intelligence Scale

dGeometric mean for blood lead (ug/dL)

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 April 01.



Page 17

Hurtado-Diaz et al.

Author Manuscript

‘uoren|end 1e afe Aq paziplepuels 21003,

76+ TV6 06 +056 T6+988 STT+ V6 1010\
6'8 + 868 7'0T +.'88 L'6FV'18 TIT+T198 abenbue]
'8+ 9'¢6 66 F996 96 096 CIT+/L'L6 aAniubod
as¥x as¥x as¥x as¥x

@re=u) Toze=0) ) GZED) oIeos

abe Jo syuow g

abe Jo syjuow 8T  abe Jo syluow zT

abe Jo syuow 9

(ot72=u) uonenjeas 1e abe Aq sjusuodwod (J1]-A1Sg) uswdolaAaq Jueu| Jo so[eds AsjAeg Jo , (as ¥) $2403s Uea\

‘¢ slqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 April 01.



Page 18

Hurtado-Diaz et al.

Author Manuscript

"EIep QO Ul [3POIN PLIGAH aNIja1ES au} A pare|naed sanfen,,

€'6¢ 8'ce 9T 92F0€ce Aoueubaud |

€'Ge vee §ct 0G+6¢C 1813w p,€

8'1¢ T1¢ 0€T Tv+ccee J81saw} pue

§'ee 0ce €cT Er¥97C 19158 4T
wnwixey  uelpaN  wnwiuiiN - S F X

, (ov2=u) AdueuBaid noyBnoays suedioned Apnis Buowre ainsodxa (sw/Br) SN uesw [eulsreln

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 April 01.



Page 19

Hurtado-Diaz et al.

syuoW U1 uolen|ens Je aby

q

‘O1 reusarew pue Burjows Jereuasd ybramyuiq ‘abe feuoielseb ‘xas s,pjiyos Aq paisnipe m_m_uo_\,_m

Gp=U SIsAjeue ay) Ul papnjoul sired pjIyo—Iayiow Jo Jaquinu ay |

anjen d ¢ ‘[eAIalul 30UBPLLOD %S6 11D %S6

150 '6T°0~ €€0 670 020 ‘€C0- 880 200- Tv¥0'STO- S€0 €T0 05°0 ‘200~ 100 v20 Jo10N
T00-'2L0- SO0 8€0- 600 ‘€E0- 820 2T0- 9T0'0vo0- 0v'0 ¢T'0- ST0'9g0- o TT0- ¢ afenbue
S0 'T€0- €0 L00 10'0 ‘GE'0- 020 vI0- 2v0'wTo- €0 ¥T0 160 ‘000 S00 920 anmubod
¥¥°0 ‘'8T°0- o €70 9T°0 ‘€20~ .0 v00- ¥E€0'LT0- ¢S50 800 60 'TT0- 920 10 Jo10N
€2'0 ‘80— €90 800- <¢T0'LC0- €0 800- 920'GZ0- 96'0 7100 ¥2'0 620~ 66'0 000 8T abenbue
8T°0 ‘vi'0- 0’0 €T0- T00-'6E0- ¥00 0Z0- €20°'.20- 980 <¢00- T¥0°L00- 91’0 LT0 anmubod
82°0 ‘1€'0- €6'0 T00- <200 '9E0- 600 LT'0- 8€0'0T0- 920 V¥10 0€°0 '9T°0- S50 00 Jo10N
82°0-'88'0- 000 850- 800-'Lr0- TO0 LZ0- 6T0'620- 69'0 S00- 900 °TV0- ¥T°0 8T0- 2T abenbue
ST'0 ‘ev'0- GE'0 v¥I'0- L00-'S¥'0- T00 920- /[20'1Z0- 080 €00 8¢°0 '6T°0- 0.0 GO0 anmubod
02°0 '67'0- ro vT0-  TE0°0T0- €€’0 0T0 ¥1°0 '9€°0- ov'0 TT0- 2T0°'LE0- T€0 €T0- J010A
09°0-'62T- 000 G6'0- 600-250- T00 O0€0- €T0-'G90- 000 6£0- 900-'950- 200 TEO0- 9 afenbue]
85°0-'/¢'T- 000 €60- T00-'cyr0- %00 TC0- G2Z'0-'GL0- 000 0S0- 200-'TS0- ¥00 920- anmubod
1D %56 d d 1D %56 d d 1D %56 d d 10 %56 d d
Adueubaud || JEICCTINTINS J81saWI) pyg 181S3WIIY 4T nmm< a[eas
24nsodxa JO MOpUIM SN d
m~_m>m_

[eyeuaud SN ueal By Ul 8sealoul /Bl T yum pareroosse abe Jo syiuow g 1si1y 8y Burnp sa100s aeds a)isodwod Jojow pue sbenbue| ‘aAnubod

Author Manuscript

‘v alqeL

Author Manuscript

Author Manuscript

Author Manuscript

Int J Hyg Environ Health. Author manuscript; available in PMC 2022 April 01.



	Abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Study population
	Neurodevelopmental assessment
	Exposure assessment
	Exposure metrics
	Covariates
	Statistical analysis

	RESULTS
	DISCUSSION
	CONCLUSIONS
	References
	Fig. 1.
	Fig. 2.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

