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Table S1. Existing systematic reviews that include air pollution and pregnancy loss
	Reference
	Years included
	Number of pregnancy loss studies included
	Air pollutants evaluated
	Pregnancy loss outcomes evaluated
	Main findings

	Zhu et al. 2015
	Until March 2014
	1
	PM2.5

Windows of exposure: each trimester and entire pregnancy 
	Stillbirth
	Only one relevant study was included, positive magnitude of association but no statistical significance

	Siddika et al. 2016
	Until April 2015
	15
	SO2, NO2, CO, PM10, PM2.5, O3

Windows of exposures: each trimester
	Stillbirth
	Summary effect estimates were positive for all pollutants but no statistical significance

	Grippo et al. 2018
	Until March 2018
	35
	PM2.5, PM10, cooking smoke, nitrogen dioxide, sulfur dioxide, carbon monoxide, ozone, heavy metals, organochlorine compounds, polyaromatic hydrocarbons
	Spontaneous abortion and stillbirth
	No summary estimates were calculated due to heterogeneity. Overall, there is evidence for:

· Spontaneous abortion: PM10 during entire pregnancy, CO exposure during first trimester

· Stillbirth: PM2.5, PM10 and CO in the third trimester

Evidence for NO2, SO2 and some other pollutants where inconsistent.

	Bekkar et al. 2020
	January 1, 2007, and April 30, 2019
	5
	PM2.5, ozone
	Stillbirth
	Four of the five studies reported positive associations between both pollutants and stillbirth

	Zhang et al. 2021
	Up to December 11, 2020
	15
	SO2, NO2, CO, PM10, PM2.5, O3, black carbon
	Stillbirth 
	There is evidence of association between stillbirth and

· PM2.5: third trimester and entire pregnancy average

· CO: third trimester average

· Ozone: first trimester and 4 days prior



	Xie et al. 2021
	Up to October 18, 2020
	7
	PM2.5
	Stillbirth 
	Evidence for association between stillbirth and PM2.5 across the entire pregnancy and third trimester






Table S2. Search strategies
	Air pollution exposures
	Pregnancy loss outcomes

	Air pollut*
	Pregnancy loss*

	Outdoor air*
	Spontaneous abortion*

	Particulate matter
	Missed abortion*

	Ozone
	Stillbirth*

	Sulfur dioxide
	Stillborn*

	Carbon monoxide
	Miscarriage*

	Nitrogen dioxide / nitrogen oxide*
	Fetal death* / Foetal death

	Polyaromatic hydrocarbon
	Fetal mortalit*

	Volatile organic compounds
	Fetal demise*

	Carbon dioxide
	Fetal loss*

	
	Intrauterine mortalit*





Table S3. Definitions of quality ratings based on the Effective Public Health Practice Project Quality Assessment tool
	Study characteristics
	Strong
	Moderate
	Weak

	Selection bias
	Study sample very likely to be representative of target population and response rate was ≥80
	The selected individuals are at least somewhat likely to be representative of the target population; and there is 60 - 79% participation
	The selected individuals are not likely to be representative of the target population; or there is less than 60% participation

OR

Can’t tell

	Study design
	Articles with randomization of exposures; experimental design
	Cohort, case-control, cross-sectional, or time series design
	Ecological design or study design is not adequately described

	Confounding
	Controlled for at least 80% of relevant confounders
	Controlled for 60 – 79% of relevant confounders
	Less than 60% of relevant confounders were controlled for, or confounders were not described

	Data collection methods
	Data collection methods are shown to be both valid and reliable
	Data collection methods are shown to be either valid or reliable (one of two)
	Assessment method is neither shown to be valid nor reliable

OR 

No information



	Attrition/Missing data
	Prospective studies: follow-up rate is 80% or greater


Retrospective studies: Missing data <20%
	Prospective studies: follow-up rate is 60 – 79%

or 

Retrospective studies: missing data 20-40%
	Prospective studies: follow-up rate is less than 60% or if the withdrawals and drop-outs were not described.

Retrospective studies: Missing data more than 40%

OR 

Can’t tell

	Overall
	No weak rating
	One weak rating
	Two or more weak ratings



Table S4. Summaries of previous original studies on air pollution and pregnancy loss.

	Reference and PubMed ID
	Year
	Study setting
	Study design
	Study population
	Pollutants
and critical windows of exposure
	Exposure assessment 
	Outcome assessment
	Major findings


	Covariates

	Hemminki and Niemi 

7152702
	1982
	Valkeakos, Finland in 1974-1977
	Retrospective cohort
	 121/1792 Pregnancies identified from hospital records
	Regional mean concentration of SO2, H2S, CS2 (categorized low, medium, high)

No critical windows
	Regional means from fixed air monitors from routine data
	Spontaneous abortion (<20 weeks) identified by ICD-8 codes in hospital records

	No evidence that the level of these chemicals was associated with the risk of spontaneous abortions


	N/A


	Pereira et al.

9618348


	1998
	São Paulo, Brazil 1991-1992
		Time series



	Daily counts intrauterine mortality
identified from administrative data. (weight >1000g, or fetal length >35 cm)
		Daily averaged city-level concentrations of PM10, CO, NO2, SO2, O3



No critical windows
	12 air monitors from Sao Paulo Air pollution controlling agency 
	Intrauterine mortality >28 weeks’, Identified from administrative data
	Positive associations with average city-level NO2

	Season and weather parameters

	Bobak and Leon 
10492651

	1999
	Czech Republic 1986-1988

	Ecological

	971/223,929 births from 45 districts

	Annual geometric means of SOx, NO2, total suspended particles (TSP).

No critical windows
	Annual geometric means obtained from local monitors

	Delivery of dead infant ≥28 weeks’ gestation or weighing >1000g, identified through administrative data (Czech
Statistical Office)

	No significant associations


	Adjustments for co-pollutants,  mean income, mean savings, mean number of people per car, proportion of births outside marriage, proportion of divorces to new marriages, legally induced abortions, proportion of gypsies in the population

	Kim et al.

18231086


	2007
	Seoul, Korea 2001-2004


	Prospective cohort


	67/1514 identified from medical records (exclude multiple births, those without residential address, missing data for demographics)


	Average PM10 during 
each
trimester, each month of pregnancy,
and 6 weeks before delivery
	Nearest of the 27 stationary stations from the National Institute of Environmental Research 

	Intrauterine fetal death (definition not available) identified from medical records


	Positive associations with PM10 during third trimester

	Adjustments for infant sex, infant order, maternal age, educational level, paternal education, season of birth, alcohol, BMI, maternal weight just before delivery

	Perin et al. 

19631320
	2010
	São Paulo, Brazil 1997-2006
	Retrospective cohort
	34/177 IVF/ET patients, 18/354 patients with spontaneous pregnancy identified through infertility center and obstetric databases
	City-wide average PM10 concentrations during follicular phase of conception cycle (14 days after LMP) 
	Daily average records across 14 monitoring stations
	First trimester loss: loss in first 12 weeks
	Positive associations with PM10 exposures during follicular phase
	NA

	Perin et al b,  

20405197
	2010
	São Paulo, Brazil 1997-2006
	Retrospective cohort
	45/348 IVF/ET patients identified by IVF clinical database 
	Daily average concentrations of PM10 during follicular phase
	Daily average records across 14 monitoring stations
	Pregnancy loss diagnosed with pos. serum p”hCG that failed to reach the 12 weeks gestation
	Positive associations with PM10 exposures during follicular phase

	Year of IVF treatment and age on treatment outcome

	Wu et al.

 20219237
	2010
	Tianjin, China 2007
	Case-control
	81 Cases 81 Controls matched by hospital, maternal age and gravidity. Identified from hospitals
	PAH measured both by maternal interview and aborted tissue and maternal blood draws as BaP-DNA adducts 
	Interview and biospecimen
	Confirmed dead in-utero fetus <14 weeks
	Positive associations for maternal blood BaP-DNA adduct measures
	Adjustments for maternal education and household income and gestational age

	Pearce et al. 

19863953


	2010
	Northern England 1962-1992


	Retrospective cohort


	812 stillbirths out of 90,537 singleton births identified from administrative data


	PM4 (black smoke) concentrations averaged across each trimester and the whole pregnancy
	



	Estimated at residence by a two-stage modelling process based on local air monitoring station 


	Delivery of dead infant ≥28 weeks’ gestation


	No evidence of association


	Adjustments parity, maternal age, sex, and Townsend deprivation scores



	Hwang et al. 

21447454
	2011
	Taiwan 2001-2007

		Case-control 



	9325 cases  and 102,575 controls identified from administrative data
	SO2, NO2, O3, CO, PM10 averaged over each of the first three months of pregnancy, and each trimester

	Estimated at the zip-code level using inverse distance weighting from local air monitors
	Fetal death >20 weeks’ gestation
 identified from administrative data (ICD 9 codes)
	Positive associations with PM10 (first trimester) and SO2 (first trimester) among preterm births only

For all births, positive associations with SO2 during first trimester



	sex, maternal age, gestational age, municipal-level SES, season of conception, and year of birth

	Faiz et al. 

22811493
	2012
	NJ, USA 1998-2004
	Retrospective cohort


	1446/343,077 identified from birth registry

Within 10 km of monitoring site
	PM2.5, NO2, SO2, CO averaged across different trimester
	



	Closest monitoring station
within 10 km of the maternal residence (total 25 local monitoring stations total)
	Stillbirth between 20 and 42 weeks’ gestation (140–294 days of pregnancy, birth weight of >500g) identified from birth certificates

	Positive associations with NO2 (whole pregnancy, first trimester), SO2 (first and third trimester), and CO (second and third trimester)

	Adjustments for maternal age, race/ethnicity, education, prenatal care, smoking status, neighborhood, calendar month, year of conception, mean temperature during first trimester

	Faiz et al.

23676263
	2013
	NJ, USA 1998-2004
	Case-crossover
	1719 cases of stillbirths from birth registry

Within 10 km of monitoring site
	PM2.5, NO2, SO2, CO concentrations 2-6 days before delivery
	Closest monitoring station
within 10 km of the maternal residence  (14 monitoring sites total)
	Singleton fetal deaths between 20-40 weeks, weight at least 500 g identified from fetal death certificates linked to hospital delivery data
	Positive association between exposure to SO2 and CO during the prior week and stillbirth
	Apparent temperature

	Hou et al. 

23864201
	2014
	Tianjin, China 2001-2006
	Case-control
	959 Cases 959 Controls identified from 15 hospitals
	SO2, PM10, NO2 and total suspended particle (TSP) averaged over 3 months preconception and the month of conception and 1 month after conception
	Daily and monthly concentrations at the nearest available station to residential address (10 stations total)
	Evidence of fetal pole ≥6 mm within intra-uterine gestational sac, but absence of heartbeat (<14 weeks of gestation)

	Positive associations with SO2 and TSP exposures during the first month after conception
	Only SO2 and TSP selected for logistic regression model Adjustments for maternal age, gravidity, parity, gestational age

	Moridi et al. 

24738119
	2014
	Tehran, Iran 2010-2011
	Case-control
	148 Cases 148 controls identified randomly from local hospitals, matched on demographics, SES, pregnancy characteristic, second-hand smoking exposure status, BMI, consanguinity
	PM10, CO, NO2, O3, SO2 averaged from LMP to 14 weeks
	Average concentration at the closest station to residence and work place (total 29 fixed site monitoring stations)
	Spontaneous abortion <14 weeks gestation identified from hospital records
	Positive associations with CO, NO2, O3 and PM10


	Adjustments for maternal and paternal age, cigarette smoke exposure, occupation, pre-pregnancy BMI, other demographic parameters (by matching)

	Green etal. 

25861815
	2015
	CA, USA 1999-2009
	Prospective cohort
	13,999 Stillbirths/3,012,270 singleton live births within 20km of an air monitor

Identified from birth and fetal death certificate
	Weekly PM2.5, SO2, NO2, CO, O3 concentrations averaged over each month, the entire pregnancy, and each trimester
	Closest fix-site air monitor to residential address
	Stillbirth >20 weeks gestation
Identified from birth and fetal death certificates
	Positive associations with NO2 exposures during entire pregnancy, O3 exposure in third trimester.
	Adjustments for maternal education, race/ethnicity, and age, season of last menstrual period, sex of the infant or fetus, mean daily apparent temperature, year of conception, and air basin of maternal residence.

	Di Caula and Bilancia 

25609560
	2015
	Southern Italy 2013
	Time series
	984 Cases identified from retrospective chart review at 8 hospitals
	PM10, NO2 and O3 concentrations averaged monthly
	Averages from local fix-site monitoring stations
	Spontaneous abortion within 180 days of gestation
	Positive associations with PM10 and O3 exposures

	Adjustments for temperature and humidity

	DeFranco etal. 

25794052


	2015
	OH, USA 2006-2010

	Retrospective cohort
	1848 stillbirth/351,036 singleton births identified from vital statistics

Within 10km of a monitoring station

	PM2.5 concentrations averaged across each trimester
	Monthly average from nearest fixed station to residential address (total 57 stations)


	Stillbirth ≥20 weeks gestation identified from vital statistics database


	Positive associations with PM2.5 exposures during the third trimester
	Adjustments for maternal age, race, tobacco use and
lack of prenatal care


	Mendola et al. 

28684711


	2017
	United States, 2002-2008


	Retrospective cohort


	992 stillbirths/223,375 singleton deliveries ≥23 weeks’ gestation

Identified from medical records


	PM2.5, PM10, SO2, NOx, CO, O3 averaged over the week before delivery, first trimester and whole pregnancy


	Estimated daily at the regional level using the Modified community multiscale air quality (CMAQ) models


	Fetal death ≥23 weeks’ gestation identified from medical records


	Positive associations with O3 exposure during the week before delivery, first trimester, and whole pregnancy
	Adjustments for maternal age, race, parity, smoking and alcohol use during pregnancy, insurance status, marital status, pre-existing hypertension, pre-existing diabetes, season of conception, birth year, site, average temperature

	Dastoorpoor et al. 

29214476
	2018
	Khuzestan Province, Iran 2008-2015
	Time series
	1334 spontaneous abortion and 907 stillbirths out of 49,173 Births identified from local hospital medical records
	Daily concentrations of O3, SO2, NO, NO2, CO, PM10 
	Daily average measurements across  all four local fix-site air monitors
	Spontaneous abortion ≤20 weeks’ gestation and stillbirths >20 weeks gestation identified through medical records
	Positive associations between spontaneous abortion and SO2 exposures during the same day

Inverse associations between stillbirths and ozone and SO2 during the last two weeks
	Adjustments for trend, seasonality, temperature, relative humidity, weekdays, holidays

	Ha et al. 

29153729
	2018
	Michigan and  Texas, US 2005-2009
	Prospective cohort
	97 stillbirths among 246 couples who achieved pregnancy prospectively (recruited from community)
	PM2.5, PM10, CO, NO2, O3, SO2 and PM2.5 constituents’ concentrations during two weeks before ovulation, last two weeks, and whole pregnancy 
	Daily measures estimated at maternal address using a mathematical model that incorporates inverse distance weighting (modified CMAQ)
	Pregnancy loss defined by neg. pregnancy test after pos. test, clinically confirmed loss, or onset of menstruation
	Positive associations with O3, PM2.5 and sulfate compounds across pregnancies
	Adjustments for season study site, maternal age, race, education, income, parity condition on gravidity, early pregnancy caffeine intake, BMI, early pregnancy adherence to multivitamin intake, maternal blood cotinine level, paternal blood cotinine level

	Ebisu et al. 

29055831
	2018
	CA, US 2002-2009


	Case-control


	5377 stillbirths and 26,885 live controls matched (1:5) on fetal sex, maternal age, race/ethnicity, educational attainment, and gestational length 

Identified from administrative data

Live in zip codes centroids within 20 km of a monitor


	PM2.5 total mass and PM2.5 constituents’ concentrations over the whole gestational period


	Weekly averages from eight fix-site monitoring stations 
	Stillbirth >20 weeks’ gestation identified from administrative data
	Positive associations with exposures to PM2.5 and its constituents including aluminum, elemental carbon, Iron, ammonium, nitrate, silicon, sulfate, vanadium. and zinc
	Adjustments for food stamp rate, matched exposure to apparent temperature, natural cubic spline of LMP with 2 df per year. Design matched  on fetal sex, maternal age, race/ethnicity, educational attainment, and gestational length 


	Yang et al. 2018 

29422441
	2018
	Wuhan, China 2011-2013
	Retrospective cohort
	95,354 live births and 859 stillbirths identified from administrative data
	PM2.5, PM10, SO2, NO2, CO and O3 average concentrations during the first 3 months, each trimester and whole pregnancy
	Nearest of the nine national air quality automatic monitoring stations relative to residential community
	Stillbirth, 20 weeks’, and 42 weeks’ gestation
	Positive associations with PM2.5 in all windows, PM10 during 2nd and third trimester, NO2 and SO2 during the third trimester, and CO during the 3rd trimester and entire pregnancy 
	Adjusted for maternal age, maternal occupation, high risk pregnancy, season of conception, prenatal care, infant sex, pregnancy induced hypertension and history of abortion











Table S5. Quality assessment of studies

	Reference
	Selection bias
	Study design
	Confounding
	Data collection methods
	Attrition/missing data
	Overall

	Gaskin et al. 2019
	Strong
	Moderate
	Strong
	Weak
	Strong
	Moderate

	Leiser et al. 2019
	Strong
	Moderate
	Strong
	Moderate
	Strong 
	Strong

	Zang et al. 2019
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Zhang et al. 2019
	Strong
	Moderate
	Strong
	Weak
	Strong
	Moderate

	Rammah et al. 2019
	Strong
	Moderate
	Strong
	Moderate
	Moderate
	Strong

	Rammah et al. 2019b
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Xue et al. 2019
	Moderate
	Moderate
	Strong
	Moderate
	Moderate
	Strong

	Gaskin et al. 2020
	Weak
	Moderate
	Strong
	Strong
	Strong
	Moderate

	Smith et al. 2020
	Strong
	Moderate
	Strong
	Strong
	Strong
	Strong

	Ranjbaran et al. 2020
	Strong
	Moderate
	Strong
	Moderate
	Weak
	Moderate

	Wang et al. 2020
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Sarovar et al. 2020
	Weak
	Moderate
	Strong
	Moderate
	Strong
	Moderate

	Dastoorpoor et al. 2021
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Xue et al. 2021
	Moderate
	Moderate
	Moderate
	Moderate
	Moderate
	Strong

	Xue et al. 2021b
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Wang et al. 2021
	Strong
	Moderate
	Moderate
	Weak
	Strong
	Moderate

	Liang et al. 2021
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Jalaludin et al. 2021
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong

	Kim et al. 2021
	Weak
	Moderate
	Strong
	Weak
	Moderate
	Weak

	Wainstock et al. 2021
	Strong
	Moderate
	Strong
	Strong
	Strong
	Strong

	Liang et al. 2021b
	Strong
	Moderate
	Strong
	Moderate
	Strong
	Strong






