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ABSTRACT

We aimed to determine if long-term fine particulate matter (PM;5) concentrations are associated
with increased-risk Of testing positive for COVID-19 among pregnant individuals who were
universally screened at delivery and if socioeconomic status (SES) modifies this relationship. We
used abstetric data from Columbia University Irving Medical Center in New York City from
March—-December 2020, which included Medicaid use (low-SES surrogate) and coronavirus
disease 2019 (COVID-19) test results. We linked 300m resolution estimated 2018-2019 PM, 5

concentrations and census tract-level population density, household size and income, and



mobility estimates. Analyses included 3318 individuals; 5% tested positive for COVID-19 at
delivery, 8% tested positive during pregnancy, 48% used Medicaid, and average long-term PM, 5
concentrations were 7.4 ug/m® (SD = 0.8). In adjusted multilevel logistic regression models, we
saw no association between PM, s and ever-testing positive for COVID-19; however, odds wetre
elevated among those using Medicaid (odds ratio = 1.6, 95% CI 1.0, 2.5 per 1-ug/m® inctease).
Further, while only 22% of those testing positive showed symptoms, 69% of symptomatic
individuals used Medicaid. SES, including unmeasured occupational exposutes or,ificreased
susceptibility to the virus due to co-social and environmental exposures,.may explain the
increased odds of testing positive for COVID-19 confined to vulnerable pregnant individuals

using Medicaid.

Elevated levels of long-term ambient air pollution may increase vulnerability to infection with
severe acute respiratory syndrome e@ronayirus 2 (SARS-CoV-2) by reducing immune system
function and contributing to comotbidities such as diabetes and atherosclerosis (1-3). Most prior
studies assessing this relation, focused on mortality (4-8). A 2021 review summarized 10 studies
from 7 countries and reported a consistent positive association between long-term fine particulate
matter (PM_ 5) concentrations and coronavirus disease 2019 (COVID-19) incidence. These and
severaladditional studies used ecologic study designs and relied on limited and selective
COVID~19 testing (4, 5, 9-14), which might bias results (3). The testing paradigm in the U.S. has
resulted in a low ratio of identified cases to all infections in the population and precluded
accurate estimation of the denominator of infected people to accurately calculate infection

fatality rates and prevalence (15).



A prior study evaluated the relation between air pollution and individual-level COVID-19
infection. This Spanish study leveraged enrolled participants (mostly aged 40-65 years), linked
address-level long-term air pollution exposures, and completed COVID-19 serology testing (16).
Despite many strengths, the study had a 62% participation rate. Universal COVID-19 screening
could reduce bias. Kogevinas et al. found no relationship between four air pollutants (PN, 5,
black carbon, nitrogen dioxide, and ozone) and positive COVID-19 serology but did‘ebsetrve an
association between PM, 5 and COVID-19 disease (i.e., hospitalizations, self<reported symptoms,

and positive tests), which was stronger among individuals with lower eéducational attainment.

Health and environmental exposures tend to follow a social gradienty(17). Individuals exposed to
higher ambient air pollution levels are also poorer and sickerjat baseline and thus more
susceptible to COVID-19 infection. This renders previous analyses vulnerable to the ecologic
fallacy, where observations made at the area<level may not apply to the individual-level (18), and
suggests that lower socioeconomic status(SES) individuals may be at increased COVID-19 risk
in part due to environmental exposuresy(19, 20). In New York City, lower SES has been

associated with higher COVID=19test positivity rate at the ZIP code level (21, 22).

Because pregnant.ndividuals with SARS-CoV-2 infection experience greater respiratory
morbidity and risk of mortality than non-pregnant individuals (23, 24), as well as elevated risk of
adverse pregnancy outcomes compared to their COVID-19 negative counterparts (23, 25-27), it
is’of\patticular interest to identify modifiable risk factors for COVID-19 in this vulnerable sub-
population. Ours is the first study to investigate the relationship between PM; 5 exposure and
testing positive for COVID-19 during pregnancy. We used comprehensive screening data from

pregnant New York City residents, all of whom underwent universal SARS-CoV-2



nasopharyngeal quantitative polymerase-chain-reaction (PCR) testing at delivery to overcome
the challenges of previous research designs. We stratified by Medicaid status to assess effect

modification by SES.

METHODS

Our study aimed to answer the question: do higher long-term levels of air pollution increase risk
of testing positive for COVID-19? To answer this question, it is necessary teicontrol for non-
causal pathways linking air pollution to COVID-19. In particular, an apparent association could
occur if low-SES individuals are exposed to higher air pollution leyels and are less able to
isolate, leading to increased COVID-19 exposure. Previous studies have not attempted to control
for the mobility pathway (which is tightly tied to SES); we used available census tract-level
mobility data but acknowledge that individual-level mobility, occupational, or other exposure

data would further reduce bias due to this’spurious pathway.

We conducted a retrospective cohort study of New York City residents who delivered at
NewYork Presbyterian/Columbia WUniversity Irving Medical Center between March and
December 2020. Electronic health record (EHR) data provided information on delivery date,
maternal race/ethnicity(an indicator of individual-level SES), age, Medicaid use (a low-SES
surrogate){(28), and residential address, which we used to link air pollution and census tract-level

€XPOosures.

COVID-19 outcomes

On March 13, 2020, Columbia initiated universal SARS-CoV-2 testing for all pregnant

individuals admitted to labor and delivery units (29). EHR data provided any additional SARS-



CoV-2 PCR results during pregnancy. We created two outcomes: positive COVID-19 PCR at

delivery and ever-positive COVID-19 PCR during pregnancy (including delivery).

Air pollution exposure

Analyses used average 2018-2019 annual PM, s concentrations from the New York City:
Community Air Survey (NYCCAS). These prediction models leverage measured-congentrations
from one of the densest monitoring networks worldwide (60—150 monitors depending on year)
that are placed for two-week periods around New York City and fuse these With geographic
variables of pollutant-specific emission sources to produce predictions at a 300m? grid resolution
(Figure 1) (30). Specifically, annual PM, 5 concentrations were modeled in a land-use regression
model that included the following predictors: traffic density,/ship traffic, commercial cooking,
industrial structures, construction and demolitiofsites,7and boilers burning residual oil. The
model had excellent predictive accuracy, with a'eross-validated R? of 0.83 (30). We linked the
average of 2018 and 2019 annual avérage,PM 5 concentrations from the 300m? grid to the
latitude/longitude coordinate of‘patients’ residential address at the time of delivery. The 2018

2019 average concentration‘ean/be representative of longer-term PM, s exposure.

Spatial covariates

We geocoded. residential addresses to the census tract and linked data from the 2015-2019
American Community Survey on median household income and average household size (31).
These factors could potentially confound the relationship between long-term air pollution levels
and risk of testing positive for COVID-19. Further, because mobility could increase risk of

exposure to SARS-CoV-2, we linked data from SafeGraph (Denver, Colorado) (21), a company



that aggregates anonymized location data from numerous applications to provide insights about
physical places, via the Placekey Community. To enhance privacy, SafeGraph excludes census
block group information if fewer than five devices visited an establishment in a month from a
given census block group. We used SafeGraph data provided at the weekly census tract-level,
and all census tracts where study participants resided had non-missing data. We estimated the
percent change in mobility in each person’s census tract in the 1-week lagged month'(e.g.; if
delivery date = December 31, 2020, we averaged mobility from November 29 to DeCember 24,
2020) prior to their delivery date versus the six months preceding the pandemic (i.e., September
2019-February 2020). Prior studies have used these mobility data.to model COVID-19

transmission dynamics (32, 33).

The original sample consisted of 3887 individuals,’and we excluded those whose address did not
geocode (n=41 [1%)]); lived outside New York Cityrand thus lacked air quality estimates (n=449
[12%]); or were missing Medicaid (n=464.1%)]), census tract-level income (n=15 [<1%]), or

household size (n=18 [<1%]) data.

Statistical analyses

We conducted adjustedmultilevel logistic regression with random intercepts for census tracts to
estimate the association between long-term exposure to PM, s and odds of testing positive for
COVID-19at delivery or ever during pregnancy. We used penalized splines to test for a
departure from linearity in the PM,5-COVID-19 association and the generalized cross-validation
(GCV) criterion to select optimal fit for the penalized spline. A linear term for PM, 5 was the best
fit. Models controlled for age (natural cubic spline, 3 degrees of freedom), race/ethnicity

(Hispanic, non-Hispanic White, non-Hispanic Black, other/missing), delivery month (natural



cubic spline, 4 degrees of freedom), and census tract-level population density (continuous),
median household income (continuous), average household size (continuous), and pre-delivery
mobility (continuous). To assess differential associations by individual-level SES, we stratified
our main models by use of Medicaid as insurance and Cochran’s Q test for equivalent treatment
effects across Medicaid status (34). In an alternative assessment of effect modification, Wwe/added
a product term between Medicaid status and long-term PM, s concentration to the-main models.
We expected this approach to have higher power (under correct specification) than the stratified
analysis, but to be less robust because it assumes the same confounding structure in both
Medicaid and non-Medicaid strata. Statistical significance for effect modification was assessed at
a = 0.05. We evaluated model residuals for spatial autocorrelation visually and using Moran’s [

(35). All analyses were conducted using R version 3.6.3.
RESULTS

Our analytic sample included 3318.individuals who lived in 702 New York City census tracts
(Web Figure 1). Five percent-tested-positive for COVID-19 at delivery, 8% tested positive for
COVID-19 at some point, i.e,, ever, during pregnancy, and 48% used Medicaid. Average long-
term PM, s concentrations'were similar in Medicaid and non-Medicaid users (Table 1), with an
overall average of 7:4 ug/m® (SD=0.8). While overall changes in mobility were pronounced (-
54% inthe 1:5'weeks prior to delivery compared to pre-pandemic levels), we saw limited
difference by Medicaid use status. However, testing positive for COVID-19 at delivery or ever
during pregnancy was more common among those who used Medicaid vs. not (7.2% vs. 2.9%
and 10.8% vs. 5.1%, respectively). Of the 261 individuals who ever tested positive, the largest

racial/ethnic group was Hispanic (70%) followed by non-Hispanic Black and White (both 10%).



Among the 58 (22%) symptomatic individuals who tested positive, 69% used Medicaid. Those
who tested positive versus negative for COVID-19 at delivery had similar levels of long-term
PM, 5 exposure (~7.5 pg/m®), census tract-level average household size (~2.7 individuals), and
population density (~35,000/km?) but lower census tract-level median household income
($46,000 versus $66,000) (Web Figure 2). Parts of Manhattan and Brooklyn had the highest
long-term levels of PM, s; however, lower household income did not track with theseshigh PM, 5

concentrations (Figure 1).

Overall, in adjusted models, we did not observe an association between.PM; s and COVID-19 at
delivery or ever during pregnancy (Figure 2, Web Table 1);.hewever, in the analysis stratified
Medicaid status odds were elevated among those using.Medicaid as insurance (odds ratio [OR] =
1.6, 95% CI: 0.9, 2.7 at delivery and OR = 1.6, 959%\CI: 1.0, 2.5 ever positive, per 1-ug/m°
increase in PM_5). Among those not using Medicaig as insurance, no association was observed
with testing positive for COVID-19 at.delivery (OR = 0.6, 95% CI: 0.3, 1.2) or ever during
pregnancy (OR = 0.8, 95% CI: 0.5,.1.3).-The product-term between PM, s concentration and
Medicaid as insurance on odds-of testing positive for COVID-19 at delivery or ever during
pregnancy was significant (p-value = 0.02 and 0.004, respectively). The Cochran’s Q test did not
reach statistical signifieance in its test for heterogeneity of effect by Medicaid use status (p-value
=0.07 and 0.30, respectively). We observed no residual spatial autocorrelation either upon visual

inspection jor using Moran’s I (Web Figure 3).
DISCUSSION

In New York City during 2020, we found an association between exposure to higher levels of

long-term PM, 5 and odds of testing positive for COVID-19 during pregnancy or at delivery only

10



among those using Medicaid as insurance, a surrogate for low individual-level SES. While only
22% of those that tested positive showed symptoms, 69% of symptomatic individuals used
Medicaid, further highlighting this group for increased attention and intervention due to adverse

outcomes related to COVID-19.

Several factors motivated our study of COVID-19 among pregnant individuals in New York-City.
First, pregnant persons with COVID-19 are more likely to experience significant fespiratory
morbidity and more likely to die than non-pregnant persons with COVID-19.(23;24). Second,
pregnant persons with COVID-19 are more likely to experience adveérse pregnancy outcomes
compared to pregnant persons without COVID-19, including preterm-delivery, preeclampsia, and
possibly stillbirth (23, 25-27). Third, exposure to PM, sduring pregnancy has been shown to
increase risk of preterm birth as well as delivery of alow*birth-weight neonate (36). Thus,
investigation of modifiable risk factors for COVID>19 infection in this population is of particular

importance.

Our findings fit within a broader literature linking air pollution to respiratory infection. Large-
scale epidemiologic studies reveal consistent associations between higher long-term PM; 5
concentrations and.increased risk of acute respiratory infection in the general population (37,
38); risk of infection’may increase during pregnancy due to cardiovascular and immune system
changes, forexample, attenuation of cell-mediated immunity by T1-helper cells as the system
moves towards T2-dominance to protect the fetus (39). Pregnant women exposed versus
unexposed to unconventional natural gas development were more likely to receive an antibiotic
during pregnancy, a proxy for infection (40). Biologically, PM, s exposure increases C-reactive

protein levels in pregnant women, indicating an inflammatory response (41), which may in turn
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alter maternal immune system function (42). Further, long-term ambient air pollution exposure
has also been linked to altered DNA methylation of sites with functions related to immune
function (43). Animal studies of COVID-19 have also indicated particulate matter increases

expression of molecules required for SARS-CoV-2 to enter host cells (44).

Many studies have evaluated the association between long-term concentrations of P, 5 and
COVID-19 morbidity (45). Nearly all used ecologic designs, which increases thelikelihood of
confounding and exposure misclassification. Just two studies, to our knowledge;have used
address-level patient geocoordinates (16, 46). Kogevinas et al.’s cohort.study in Catalonia, Spain
found no association between 100m resolution long-term PMgs.congentrations and SARS-CoV-2
infection but did identify an association with COVID-19 disease (defined based on hospital
admission, positive test, or =4 COVID-19 symptoms.after contact with a diagnosed case) (16).
Bowe et al. used US Department of Veterans“Affairs health records for ~170,000 COVID-19
positive veterans and found 2018 PMas Cencentrations associated with increased risk of
hospitalization for COVID-19 with-effects below the national PM, 5 standard of 12ug/m?® (46).
Our study used residential address-at time of delivery in 2020 to assign 2018-2019 average 300m
resolution PM, s expasures in NYC. As in Kogevinas and Bowe, the use of residential addresses
eliminated cross-level'bias (a result of ecologic designs) (3, 47) and reduced exposure
misclassification. We know, however, that person-to-person contact spreads COVID-19 and
while we accounted for clustering at the census tract level and adjusted models for population
density, mobility, and markers of SES, we could not account for the source of infection. Thus,
unmeasured factors—e.g., large gatherings, occupational exposure—that correlate with air
pollution and testing positive for COVID-19 could potentially explain our results, although we

partially account for such factors by controlling for area-level socioeconomic status and

12



mobility. One option is to consider outbreaks (those in healthcare institutions, acute and long-
term care facilities, and homeless shelters) and sporadic cases of COVID-19 separately, as in

Stieb et al. 2021 (11).

Prior air pollution studies have relied on area-level COVID-19 incidence data (45). As discussed,
this can lead to ecologic bias but is also based on selective COVID-19 testing. In 2020, only-1 in
4.6 infections were reported in the U.S. (33). This under-reporting may have biased prior studies.
For example, increased screening capacity, messaging about testing, or awareness of infection
could have accounted for the observed association between elevated‘leng-term air pollution
levels and increased risk of COVID-19 in urban areas (47). Beeauseyall women in our cohort
received a COVID-19 swab at delivery, we circumventthesejssues for the COVID-19 at
delivery analysis. In New York City, community-lével low SES appeared to cluster with low

testing rates (48, 49), so basing analyses on available incidence data could have biased results.

We observed an association between, long-term PM, s concentrations and testing positive for
COVID-19 only among individuals'who used Medicaid as insurance. This differential
association was statistically'significant as measured by a product term but not using Cochran’s Q
test, potentially due to limited statistical power in the stratified models. In Catalonia, Spain,
Kogevinas et al. 2021 reported an overall association between long-term PM; s and COVID-19
diseasethat was stronger among those with less than a university education. Decades of research
suggest'SES can modify the relationship between air pollution and adverse health outcomes in
several ways. Individuals of lower SES may experience harmful co-exposures, energy and food
insecurity, psychosocial stress, and preexisting conditions making them more susceptible to the

health effects of air pollution (50). Additionally, higher SES may have enhanced ability to self-
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isolate (51), masking any biological effect of air pollution on COVID-19 susceptibility. If long-
term levels of air pollution do increase the risk of testing positive for COVID-19, longstanding
issues of environmental injustice (52, 53) may help partially explain the disproportionate burden

of COVID-19 among low SES Americans (54).

Our study had several limitations. Patients in our study underwent nasopharyngeal quantitative
PCR testing, which while considered the gold standard is not perfect. Among asymptomatic
individuals, simulations suggest this type of testing has a 77% sensitivity (55). Additionally, we
did not have information on the timing of COVID-19 tests conductedpriorto delivery; we
estimated changes in census tract-level mobility for all participants based on timing of delivery.
We linked air pollution data based on address at the time of delivery and cannot confirm mothers
lived there in 2018-2019 (years of air pollution measures).”Furthermore, although the exposure
prediction model performed well, some expoSure measurement error is expected. There is no
reason, however, to believe that the errorwould be correlated with testing positive for COVID
during pregnancy; any non-differentiahexposure measurement error, thus, would most likely bias
our results towards the null (56, 57). Our study focused on the relationship between long-term
PM, s concentrations.and COVID-19, but it is possible that short-term exposures also influence
risk of testing positivexfor COVID-19. Future studies should investigate this pathway and
consider the short-term reductions in PM; s levels that occurred during the initial lockdown (58,
59). We lagked data on several potentially important risk factors including occupation,
educational attainment, social networks, and comorbidities. However, we did adjust for both
individual- and tract-level SES, which may drive most of these factors. Census tract mobility
data do not fully characterize individual ability to isolate or risk of exposure to COVID-19. Our

study period spans the first three waves of the pandemic, but findings may not translate into later
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time periods, including the delta and omicron surges. A strength of our study, however, was that
we confined the analysis to dates prior to widespread vaccination, which would have
complicated analyses. Further, the study population included only individuals that resided in
New York City and delivered a live-born infant at NewYork Presbyterian/Columbia University:
Irving Medical Center between March and December 2020. During the first wave, New<Y ork
City saw a crude fatality rate of 9.2% (60), triple that of the worldwide fatality rate (61).
Therefore, our results may not generalize to other time periods or other populations; especially if

pregnant Medicaid users in New York City are not exchangeable with thoSein other locations.

The COVID-19 pandemic has disproportionately affected low=income Americans who face
fragmented healthcare, a higher prevalence of pre-existing canditions, and less ability to social
distance due to occupational exposures (51). Our results suggest that lower-SES pregnant women
may also experience a heightened risk of COVID-19 related to long-term air pollution exposures

and point to the need for additional research.

REFERENCES

1. Woodby B, Arneld MM, Valacchi G. SARS-CoV-2 infection, COVID-19 pathogenesis,
and exposureto air pollution: What is the connection? Ann N Y Acad Sci
202131486(1):15-38.

2. Bourdrel T, Annesi-Maesano I, Alahmad B, et al. The impact of outdoor air pollution on
COVID-19: a review of evidence from in vitro, animal, and human studies. Eur Respir

Rev 2021:30(159).

15



10.

Villeneuve PJ, Goldberg MS. Methodological Considerations for Epidemiological
Studies of Air Pollution and the SARS and COVID-19 Coronavirus Outbreaks. Environ
Health Perspect 2020;128(9):95001.

Liang D, Shi L, Zhao J, et al. Urban Air Pollution May Enhance COVID-19 Case-Fatality
and Mortality Rates in the United States. Innovation (N Y) 2020;1(3):100047.

Wu X, Nethery RC, Sabath MB, et al. Air pollution and COVID-19 mortalitysin the
United States: Strengths and limitations of an ecological regression afnalysis.”Sci Adv
2020;6(45).

Ogen Y. Assessing nitrogen dioxide (NO2) levels as a contributing factor to coronavirus
(COVID-19) fatality. Sci Total Environ 2020;726:138605,

Konstantinoudis G, Padellini T, Bennett J, et al. Loang-term exposure to air-pollution and
COVID-19 mortality in England: A hierarchical spatial analysis. Environ Int
2021;146:106316.

Garcia E, Marian B, Chen Zget al.,LLlong-term air pollution and COVID-19 mortality rates
in California: Findingsfromrthe Spring/Summer and Winter surges of COVID-19.
Environ Pollut 2022;292(Pt B):118396.

Stieb DM, ,Evans GJ, To TM, et al. An ecological analysis of long-term exposure to
PM2.5 and incidence of COVID-19 in Canadian health regions. Environ Res
2020;191:110052.

Vasquez-Apestegui BV, Parras-Garrido E, Tapia V, et al. Association between air
pollution in Lima and the high incidence of COVID-19: findings from a post hoc

analysis. BMC Public Health 2021;21(1):1-13.

16



11.

12.

13.

14.

15.

16.

17.

18.

Stieb DM, Evans GJ, To TM, et al. Within-City Variation in Reactive Oxygen Species
from Fine Particle Air Pollution and COVID-19. Am J Respir Crit Care Med
2021;204(2):168-77.

Cole MA, Ozgen C, Strobl E. Air pollution exposure and Covid-19 in Dutch
municipalities. Environmental and Resource Economics 2020;76(4):581-610.

Huang G, Blangiardo M, Brown PE, et al. Long-term exposure to air pollution,and
COVID-19 incidence: A multi-country study. Spat Spatiotemporal Epidemiol
2021;39:100443.

Prinz AL, Richter DJ. Long-term exposure to fine particulate matter air pollution: An
ecological study of its effect on COVID-19 cases and fatality in Germany. Environ Res
2022;204(Pt A):111948.

Lipsitch M, Swerdlow DL, Finelli L. Defining the Epidemiology of Covid-19 - Studies
Needed. N Engl J Med 2020;382(23):1194-6.

Kogevinas M, Castano-Vinyals’G, Karachaliou M, et al. Ambient Air Pollution in
Relation to SARS-CoY=2"Infection, Antibody Response, and COVID-19 Disease: A
Cohort Study in Catalonia, Spain (COVICAT Study). Environ Health Perspect
2021;129(11):127003.

Morello-Frosch R, Shenassa ED. The environmental “riskscape” and social inequality:
implications for explaining maternal and child health disparities. Environ Health
Perspect 2006;114(8):1150-3.

Beale L, Abellan JJ, Hodgson S, et al. Methodologic issues and approaches to spatial

epidemiology. Environ Health Perspect 2008;116(8):1105-10.

17



19.

20.

21.

22.

23.

24,

25.

26.

Millett GA, Jones AT, Benkeser D, et al. Assessing differential impacts of COVID-19 on
black communities. Ann Epidemiol 2020;47:37-44.

Sasser JS, Leebaw B, Ivey C, et al. Commentary: Intersectional perspectives on COVID-
19 exposure. J Expo Sci Environ Epidemiol 2021;31(3):401-3.

Lamb MR, Kandula S, Shaman J. Differential COVID-19 case positivity in New&Y ork
City neighborhoods: Socioeconomic factors and mobility. Influenza Other-Respir Viruses
2021;15(2):209-17.

Whittle RS, Diaz-Artiles A. An ecological study of socioeconomicpredictors in detection
of COVID-19 cases across neighborhoods in New York City. BMC Med 2020;18(1):271.
Chinn J, Sedighim S, Kirby KA, et al. Characteristics and Outcomes of Women With
COVID-19 Giving Birth at US Academic Centers\During the COVID-19 Pandemic.
JAMA Netw Open 2021;4(8):e2120456,

Zambrano LD, Ellington S, Strid P;etalyUpdate: Characteristics of Symptomatic
Women of Reproductive Age with Eaboratory-Confirmed SARS-CoV-2 Infection by
Pregnancy Status - United-States, January 22-October 3, 2020. MMWR Morb Mortal
WKly Rep 2020;69(44):1641-7.

Villar J, Ariff Sx\Gunier RB, et al. Maternal and Neonatal Morbidity and Mortality
Among Pregnant Women With and Without COVID-19 Infection: The INTERCOVID
Multipational Cohort Study. JAMA Pediatr 2021;175(8):817-26.

Metz TD, Clifton RG, Hughes BL, et al. Disease Severity and Perinatal Outcomes of
Pregnant Patients With Coronavirus Disease 2019 (COVID-19). Obstet Gynecol

2021:137(4):571-80.

18



27.

28.

29.

30.

31.

32.

33.

34.

35.

DeSisto CL, Wallace B, Simeone RM, et al. Risk for Stillbirth Among Women With and

Without COVID-19 at Delivery Hospitalization - United States, March 2020-September

2021. MMWR Morb Mortal WKkly Rep 2021;70(47):1640-5.
Casey JA, Pollak J, Glymour MM, et al. Measures of SES for electronic health record<
based research. Am J Prev Med 2018;54(3):430-9.

Breslin N, Baptiste C, Gyamfi-Bannerman C, et al. COVID-19 infection among

asymptomatic and symptomatic pregnant women: Two weeks of confirmed presentations

to an affiliated pair of New York City hospitals. Am J Obstet GynecolMFM
2020:100118.

Ito K, Johnson S, Kheirbek 1, et al. Intraurban Variation ef Fine Particle Elemental
Concentrations in New York City. Environ Set Teghnol 2016;50(14):7517-26.
Manson S, Schroeder J, Riper DV, et al-ARUMS National Historical Geographic
Information System: Version 13.0-[Database]. Minneapolis: University of Minnesota;

2018. http://doi.org/10.18128/D050:\V12.0. Accessed 10 Oct 2020.

Pei S, Kandula S, ShamanJ:-Differential effects of intervention timing on COVID-19
spread in the United'States. Sci Adv 2020;6(49).

Pei S, Yamana TK; Kandula S, et al. Burden and characteristics of COVID-19 in the
United States during 2020. Nature 2021;598(7880):338-41.

Kaufman JS, MacLehose RF. Which of these things is not like the others? Cancer
2013;119(24):4216-22.

Bivand RS, Pebesma, Edzer J., Gomez-Rubio, Virgilio. Applied Spatial Data Analysis

with R. New York, NY: Springer; 2008.

19


http://doi.org/10.18128/D050.V12.0

36.

37.

38.

39.

40.

41.

42.

43.

44,

Bekkar B, Pacheco S, Basu R, et al. Association of Air Pollution and Heat Exposure With
Preterm Birth, Low Birth Weight, and Stillbirth in the US: A Systematic Review. JAMA
Netw Open 2020;3(6):e208243.

Mehta S, Shin H, Burnett R, et al. Ambient particulate air pollution and acute lower
respiratory infections: a systematic review and implications for estimating the glebal
burden of disease. Air Qual Atmos Health 2013;6(1):69-83.

Cohen AJ, Brauer M, Burnett R, et al. Estimates and 25-year trends .ef the global burden
of disease attributable to ambient air pollution: an analysis of data from the Global
Burden of Diseases Study 2015. Lancet 2017;389(10082):1907-18.

Dashraath P, Wong JLJ, Lim MXK, et al. Coronavirus disease 2019 (COVID-19)
pandemic and pregnancy. Am J Obstet Gynecol 2020;222(6):521-31.

Casey JA, Savitz DA, Rasmussen SG, et‘al. Unconventional natural gas development and
birth outcomes in Pennsylvania, USA, Epidemiology 2016;27(2):163-72.

van den Hooven EH, Pierik EH;de Kluizenaar Y, et al. Air pollution exposure and
markers of placental growthrand function: the generation R study. Environ Health
Perspect 2012;120(12):1753-9.

Slama R, Darrow L, Parker J, et al. Meeting report: atmospheric pollution and human
reproduction: Environ Health Perspect 2008;116.

Wang,M, Zhao J, Wang Y, et al. Genome-wide DNA methylation analysis reveals
significant impact of long-term ambient air pollution exposure on biological functions
related to mitochondria and immune response. Environ Pollut 2020:114707.

Sagawa T, Tsujikawa T, Honda A, et al. Exposure to particulate matter upregulates

ACE2 and TMPRSS2 expression in the murine lung. Environ Res 2021;195:110722.

20



45.

46.

47.

48.

49,

50.

51.

52.

53.

54,

Zang ST, Luan J, Li L, et al. Ambient air pollution and COVID-19 risk: Evidence from
35 observational studies. Environ Res 2021;204(Pt B):112065.

Bowe B, Xie Y, Gibson AK, et al. Ambient fine particulate matter air pollution and the
risk of hospitalization among COVID-19 positive individuals: Cohort study. Environ, Int
2021;154:106564.

Goldberg MS, Villeneuve PJ. Re: An ecological analysis of long-term exposure to' PM2.5
and incidence of COVID-19 in Canadian health regions. Environ Res,2021;194:110610.
Cordes J, Castro MC. Spatial analysis of COVID-19 clusters and.contextual factors in
New York City. Spatial and Spatio-temporal Epidemiology 2020;34:100355.
Lieberman-Cribbin W, Tuminello S, Flores RM, et al. Disparities in COVID-19 Testing
and Positivity in New York City. Am J Prev Med'2020;59(3):326-32.

Hooper LG, Kaufman JD. Ambient Air Pellution and Clinical Implications for
Susceptible Populations. Ann Am Therac-Soc 2018;15(Suppl 2):S64-S8.

Jay J, Bor J, Nsoesie EO, et.al. Neighbourhood income and physical distancing during the
COVID-19 pandemic ifrthe"United States. Nat Hum Behav 2020;4(12):1294-302.

Bell ML, Ebisu K. Environmental inequality in exposures to airborne particulate matter
components in the-United States. Environ Health Perspect 2012;120(2):1699-704.

Hajat A, Hsia C, O'Neill MS. Socioeconomic disparities and air pollution exposure: a
global review. Curr Environ Health Rep 2015;2(4):440-50.

Miller S, Wherry LR, Mazumder B. Estimated Mortality Increases During The COVID-
19 Pandemic By Socioeconomic Status, Race, And Ethnicity. Health Aff (Millwood)

2021:40(8):1252-60.

21



55.

56.

S7.

58.

59.

60.

61.

Hellewell J, Russell TW, Matthews R, et al. Estimating the effectiveness of routine
asymptomatic PCR testing at different frequencies for the detection of SARS-CoV-2
infections. BMC Medicine 2021;19(1):106.

Kioumourtzoglou MA, Spiegelman D, Szpiro AA, et al. Exposure measurement errorin
PM2.5 health effects studies: a pooled analysis of eight personal exposure validation
studies. Environ Health 2014;13(1):2.

Wu X, Braun D, Kioumourtzoglou MA, et al. Causal Inference in the,ConteXt of an Error
Prone Exposure: Air Pollution and Mortality. Ann Appl Stat 2019;13(1):520-47.
Ghahremanloo M, Lops Y, Choi Y, et al. A comprehensive study of the COVID-19
impact on PM2.5 levels over the contiguous United States: A deep learning approach.
Atmos Environ 2022;272:118944.

Dey T, Tyagi P, Sabath MB, et al. Counterfactial time series analysis of short-term
change in air pollution following the*€OYID-19 state of emergency in the United States.
Scientific reports 2021;11(1):1-13,

Thompson CN, Baumgartner-J, Pichardo C, et al. COVID-19 Outbreak - New York City,
February 29-June 1,"2020. MMWR Morb Mortal Wkly Rep 2020;69(46):1725-9.

Cao Y, Hiyoshi"A,/Montgomery S. COVID-19 case-fatality rate and demographic and
socigeconomic influencers: worldwide spatial regression analysis based on country-level

data:\BMJ Open 2020;10(11):e043560.

22



Table 1: Study population characteristics for pregnant individuals who delivered at Columbia
University Irving Medical Center in New York City between March—December 2020, stratified

by Medicaid use status

Insurance status
Characteristic (n =3318)
Medicaid (n = 1608) No Medicaid (n = 1710)
Maternal characteristics No. % No. %
Positive COVID-19 test at
116 7.2 49 2.9
delivery
Positive COVID-19 test ever
174 10.8 87 5.1
during pregnancy
Symptomatic with COVID-19
40 2.5 18 11
ever during pregnancy
Age at time of delivery, y,4amean
29.4 6.2 33.9 51
(SD)
Race/ethnicity
Hispanie 1135 70.6 453 26.5
Non-Hispanic White 54 3.4 526 30.8
Non-Hispanic Black 229 14.2 185 10.8
Other/missing 190 11.8 546 31.9
Fine particulate matter
7.3(0.5) 0.5 7.6 1.0
concentration, ug/m®, mean (SD)




Census block group

characteristics

Average household size, count,

2.8 (0.6) 0.6 2.5 0.4
mean (SD)
Population density,
37,900 (18,200) 30,090 (18,200)
individuals/sg-km?
Median household income, $° 43,421 (20,844) 84,439 (48,391)
Percent change in mobility, %" -55 (-62, -46) -57(-70, -47)

Abbreviations: COVID-19, coronavirus disease 2019.

% Values are expressed as mean (standard deviation)

b \alues are expressed as median (interquartile range)
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Figure 1: Distribution of (A) 2018-2019 annual average PM, s concentrations from the New
York City Community Air Survey (NYCCAS) product and (B) Median household income at the
census tract level from the 2015-2019 American Community Survey (ACS). Grey indicates

missing income data from the ACS.

Figure 2: Estimated associations between long-term PM, s concentrations and odds of testing
positive for COVID-19 at delivery or ever during pregnancy (A) overall (n=3348);"and in models
stratified by (B) those that used Medicaid (n=1608) and (C) those who did not usé Medicaid
(n=1710) and who delivered at Columbia University Irving Medical ‘Center'between March and
December 2020. Figures show odds ratios and 95% Cls for aA=ug/m?® increase in 2018-2019
PM, 5 concentration. All estimates were adjusted for age; race/ethnicity, delivery month, and
census tract-level population density, median household income, average household size, and
pre-delivery mobility and included a randomntercept for census tract. The overall model also
controlled for Medicaid use. CI, confidence interval, OR, odds ratio, PM, s, fine particulate

matter.
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Insurance and COVID-19

Positivity status
All insurance
COVID-19 + ever

COVID-19 + at delivery

No Medicaid
COVID-19 + ever

COVID-19 + at delivery

Medicaid
COVID-19 + ever

COVID-19 + at delivery

No.
3318
261
165

1710
87
49

1608
| 174

116

OR (95% CI)

0.99 (0.76, 1.30)
0.91 (0.61, 1.35)

0.63 (0.34):1.47)
0.88 (046, 1.38)

o
®

1 62 (1.04, 2.53)

1.59 (0.95, 2.70)
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1.00
Odds Ratio
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