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Outline

• Air pollution 
▫ Preterm birth
 Socioeconomic factors

▫ Birth Defects
 Social factors
 Genetic factors

• Cumulative pollution and preterm birth
▫ CalEnviroScreen

• Future directions
▫ PFAS in water and preterm birth
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Air Pollution
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Development and Periods of Susceptibility
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Air Pollution - San Joaquin Valley of California

• Carbon monoxide (CO)

• Nitrogen dioxide (NO2)  

• Nitrogen oxide (NO) 

• Particulate matter <2.5 µm 
(PM2.5)

• Particulate matter <10 µm 
(PM10) 

• Traffic density (within 300m)

• Polycyclic aromatic 
hydrocarbons



Particulate Matter
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Counties that do not meet the annual PM2.5 Standard
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Traffic-related air pollution Preterm birth

Carbon Monoxide (CO)
Nitrogen Dioxide (NO2)
Particulate Matter < 10 and 2.5 μm (PM10, PM2.5)
Traffic Density (within 300m)

Birth at… 34-36 weeks gestation  (8%)
32-33 weeks gestation  (2%)
28-31 weeks gestation  (1%)
20-27 weeks gestation (1%)

Air Pollution & Preterm Birth
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N=250,000    2000-2006



• Daily 24-hour averages of NO2, NO, CO, PM10, PM2.5 and a daily 
8-hour maximum of O3 and were averaged over the first 2 months 
of pregnancy

• Air quality data from US EPA’s Air Quality System database were 
spatially interpolated by using inverse distance-squared weighting 
from up to 4 quality measurement stations

• Maximum interpolation radius of 50 km (25km for NO and CO) 

• Traffic density indicators were calculated from distance-decayed 
annual average daily traffic volumes within a 300-m radius 

Air Pollution Exposure Assessment



Gestational age 
(weeks)

N Odds Ratio
CO NO2 PM10 PM2.5

37-42 (term) 232,241 1.0 1.0 1.0 1.0

34-36 22,321 1.1 1.1 1.1 1.1
32-33 4,011 1.0 1.1 1.2 1.2
28-31 2,938 1.2 1.1 1.3 1.5
24-27 1233 1.8 1.4 1.7 2.2
20-23 460 1.6 1.9 2.8 2.8

Exposure to 
the highest 
quartile in the
2nd trimester 
(weeks 14-26)
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Preterm Birth  &  PM2.5
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Preterm Birth  &  PM10
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Multi-pollutant Score

• Number of exposures in the highest quartile of…
▫ CO
▫ NO2

▫ PM10

▫ PM2.5

▫ traffic density 
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Multi-pollutant score for 2nd trimester
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Multi-pollutant score for 2nd trimester
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Multi-pollutant score for 2nd trimester
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Multi-pollutant score for 2nd trimester
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Role of Neighborhood SES

• Odds ratio of birth at 20-27 weeks for each exposure during 
the 2nd trimester of pregnancy

• *defined as those living in a block group with >10% unemployment, >15% 
with income from public assistance and >20% families below poverty level
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PAH Level OR 95% CI

2nd quartile 1.49 (1.08, 2.06)

3rd quartile 2.63 (1.93, 3.59)

4th quartile 3.94 (3.03, 5.12)
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PAH 
exposure
period

Gestational age
34-36 weeks 32-33 weeks 28-31 weeks 20-27 weeks

OR OR OR OR

Entire Pregnancy 0.99 0.93 0.76 0.51

1st trimester 0.92 0.87 0.56 0.42

2nd trimester 0.98 1.03 1.02 1.10

3rd trimester 1.00 0.99 1.00 NC

Last 6 weeks 0.96 0.97 0.86 2.74
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Study Population
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• California Center
• 1997-2006 (-2011)
• 2,493 cases (58 phenotypes)
• 849 controls

» PIs: Gary Shaw & Suzan Carmichael



Anencephaly N=77
Spina bifida N=138
Cleft lip N=293
Cleft palate only N=129
Gastroschisis N=169

Controls N=849

• CO, NO, NO2, PM2.5, PM10, O3, traffic density
• First 2 months of pregnancy 
• Each quartile of exposure vs. lowest quartile
• Associations with neural tube defects
• No associations with…

• cleft lip, with or without cleft palate
• cleft palate only
• gastroschisis (stratified by </>20 yrs old)
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Exposure
Odds Ratio* (95% Confidence 

Intervals)
Anencephaly (N=77) Spina bifida 

(N=138)
Carbon monoxide 1.6 (0.7, 3.8) 2.0 (1.1, 3.8)
Nitrogen oxide 2.8 (1.3, 5.9) 1.4 (0.8, 2.5)
Nitrogen dioxide 1.7 (0.9, 3.4) 1.7 (1.0, 3.0) 
Particulate Matter <2.5μ 1.6 (0.7, 3.4) 1.4 (0.7, 2.6)
Particulate Matter <10μ 1.1 (0.5, 2.1) 1.3 (0.8, 2.2)
Ozone 0.6 (0.4, 0.9) 0.5 (0.2, 0.9)
*Adjusted for maternal race/ethnicity, education and multivitamin use



• Pulmonary valve stenosis
• Ventricular septal defects –

perimembranous, muscular, 
conal

• Secundum atrial septal defects
• Hypoplastic left heart syndrome
• Coarctation of the aorta
• Heterotaxia
• Dextro-transposition of the 

great arteries
• Teratology of Fallot

• Other atrial septal defects
• Single ventricle or other complex
• Total anomalous pulmonary venus

return
• Aortic stenosis 
• Pulmonary atresia
• Tricuspid atresia
• Double outlet right ventricle – other
• Double outlet right ventricle – TGA
• Atrioventricular septal defects

n = 822 cases 
n = 849 
controls

Congenital Heart Defect Cases
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PM10

adjusted for maternal 
race/ethnicity, education and 
multivitamin use
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• Anotia/microtia (106)
• Anorectal atresia/stenosis (91)
• Craniosynostosis (87)
• Hypospadias second or third degree 

(67)
• Diaphragmatic hernia (66)
• Transverse limb deficiency (63)

• Intestinal atresia/stenosis (52) 
• Amniotic band syndrome and limb 

body wall complex (49)
• Hydrocephaly (46)
• Longitudinal limb deficiency (45)
• Esophageal atresia (44)



• 11 phenotypes that had at least 40 cases
▫ traffic density  esophageal atresia (OR=2.8, 95% CI, 1.1–7.4) 
▫ PM10 esophageal atresia  (OR 4.9; 95% CI, 1.4–17.2)
▫ PM10 hydrocephaly (OR=0.3; 95% CI, 0.1–0.9)  
▫ CO  anotia/microtia (OR=0.4; 95% CI, 0.2–0.8) 
▫ CO  transverse limb deficiency (OR=0.4; 95% CI, 0.2–0.9)

• adjusted for maternal race/ethnicity, education, and 
vitamin use
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Neighborhood Socioeconomic Status
Acculturation among Hispanic Mothers
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• Poverty (>20% living below federal level)

• Income (median <$30,000)

• Education (<HS education >30%)

• Unemployment (>10%)

• Public assistance (>10% with income)

• Home value (median <$100,000)

9 October 2018
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• High PM10 was associated with spina bifida in neighborhoods 
with…

• High poverty aOR = 2.6 (95% CI: 1.1, 6.0)
• Low income aOR = 5.1 (95% CI: 1.7, 15.3) 
• Low education aOR = 3.2 (95% CI: 1.4, 7.4)

• After adjusting for maternal race/ethnicity, education and 
vitamin use



• Do individual and neighborhood acculturation factors modify the 
associations between air pollution and neural tube defects among 
Hispanic women?

• Spina bifida=94; Anencephaly=45; Controls=466

• Proportion of seven neighborhood acculturation factors from the U.S. 
Census

• Adjusted for maternal education and multivitamin use in the first 2 
months of pregnancy

• Stratification by nativity
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• Spanish language 
• US citizenship
• Year of entry
• English proficiency

• Foreign born
• Hispanic population 
• “Acculturation index”



• Stronger associations between CO, NO and NO2 and NTDs 
were observed in neighborhoods that were more acculturated

• Stronger associations between PM10 and NTDs were observed 
in neighborhoods that were less acculturated
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Gene-Environment Interactions



• Bloodspots and buccal cells in 86 cases and 208 controls 
• 104 gene variants (158 assayed)
• Adjusted for race/ethnicity, folic acid vitamin and smoking
• Tested for effect modification by race/ethnicity and folic 

acid vitamin 
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• Gene-environment interactions between pollutants and 
several gene variants in metabolic enzymes: 
▫ NO (ABCC2)
▫ NO2 (ABCC2, SLC01B1)
▫ PM10 (ABCC2, CYP1A2, CYP2B6, CYP2C19, CYP2D6, NAT2, 

SLC01B1, SLC01B3)
▫ PM2.5 (CYP1A1 and CYP1A2)

40



41

0

1

2

3

4

5

6

7

8

9

HIGH NO -
WILDTYPE

LOW NO -
VARIANT

HIGH NO -
VARIANT

HIGH NO2 -
WILDTYPE

LOW NO2 -
VARIANT

HIGH NO2 -
VARIANT

HIGH PM10 -
WILDTYPE 

LOW PM10 -
VARIANT

HIGH PM10 -
VARIANT

ABCC2 rs3740066



42

0
1
2
3
4
5
6
7
8
9

10
11
12
13
14

Particulate Matter <10 µm



Future Plans

• Polycyclic aromatic hydrocarbons

• Gene-environment interactions

• Wildfires and preterm birth



44



45



46



• Associations with Preterm Birth
▫ Fresno County

 Exposures score 
 Low SES OR=1.16 (1.06, 1.25) 
 High SES OR=1.07 (0.98, 1.17)

 Drinking Water score
 Low SES OR=1.29 (1.09, 1.52)
 High SES OR=1.00 (0.90, 1.12)

▫ California State
 Pollution Burden 

 OR=1.03 (1.01, 1.04)
 PM2.5 

 OR= 1.03 (1.02,1.04)
 Drinking Water Scores 

 OR= 1.04 (1.03,1.05)

• Adjusted odds ratios (OR) & 95% Confidence intervals
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PFAS in Drinking Water and Preterm Birth

• R01 to resubmit in July

• PFAS
▫ Monitored drinking water (2013-2015)
▫ 2nd trimester serum (banked samples from 

screening test)

• Preterm birth (birth certificate)

• Social factors (neighborhood deprivation)



PFAS & PTB proposal
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