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ABSTRACT 

 

MATERNAL ENVIRONMENTAL EXPOSURES AND BIRTH WEIGHT IN CANADA: 

REDUCING ADVERSE INFANT HEALTH OUTCOMES

Lulu (Jia Lu) Gao 

University of Guelph, 2022 
Advisor(s): 

Dr. Andrew Papadopoulos 

This thesis examined the relationship between environmental exposures and adverse 

birth outcomes. The first study was a scoping review that investigated the associations 

between fine particulate matter (PM2.5), nitrogen dioxide (NO2), and greenness with birth 

weight (BW), low birth weight (LBW), and small-for-gestational-age (SGA) in Canada. 

Increased exposure to air pollutants was associated with decreased BW while the 

opposite was true for greenness. A slight association was found between increased 

PM2.5 exposure and LBW and SGA. Increased exposure to greenness was associated 

with decreased odds of SGA. The second study used logistic regression models to 

investigate the associations between PM2.5, NO2, and greenness with LBW. It was 

found that increased greenness was associated with decreased odds of LBW in infants 

from low-risk pregnancies in Ontario. The results of this thesis suggest that the 

maintenance of and access to green areas may lead to improved birth outcomes in 

Canada. 
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1 Chapter 1 – Literature Review 

1.1 Introduction 

The purpose of the following chapter is to provide context and background 

information on adverse birth outcomes, environmental exposures, and the relationship 

between the two from an epidemiological perspective. In terms of birth outcomes, there 

is a specific focus on birth weight (BW), low birth weight (LBW), and small-for-

gestational-age (SGA). In regards to environmental exposures, there is a specific focus 

on greenness and two air pollutants, fine particulate matter with a diameter of less than 

or equal to 2.5 micrometers (PM2.5) and nitrogen dioxide (NO2).   

1.2 Adverse Birth Outcomes 

1.2.1 Definition and History of Birth Weight, Low Birth Weight and Small-for-
Gestational-Age 

BW is a continuous outcome that can be retrieved from vital birth records1. From 

2000 to 2016, the mean BW across Canada declined from 3,442 g to 3,367 g2. The 

prevalence of LBW has generally increased in the past 20 years from 5.6% in 2000 to 

6.3% in 2013, in spite of increasing research in this area3. Pregnant individuals between 

the ages of 20 and 34 years have a lower prevalence of LBW compared to pregnant 

individuals under the age of 20 or over the age of 343. LBW was originally used as an 

indicator of prematurity in studies from the early 20th century1. LBW is a categorical birth 

outcome that is defined as an infant who has a BW of less than 2500 grams3. This 

definition of LBW was suggested by the World Health Organization (WHO) Expert 

Group on Prematurity and later became the definition accepted worldwide after 

recognition by the First World Health Assembly in 19481. An association was found 

between the length of gestation and infant death among infants who had been born 

LBW1. Fewer deaths were found among infants with longer gestational ages1.  

In Canada, from 2000 to 2016, the prevalence of SGA increased from 7.2% to 

8.0%, respectively2. SGA became a better marker of prematurity than BW alone 
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beginning in the 1950s1. It is defined as an infant who has a BW for a specific 

gestational age that falls within the 10th percentile of what is considered to be standard4. 

This standard is based on calculations of a population mean and standard deviation for 

varying BW and gestational age combinations1. The importance of SGA as an outcome 

was reinforced when more studies started to examine individual- and group-level 

covariates that may alter the association found between BW and morbidity and 

mortality1. Briefly, these covariates may include infant sex, maternal parity, maternal 

age, socioeconomic status (SES), ethnicity, and smoking, among others1.  

1.2.2 Birth Weight as an Indicator of Poor Health 

In 1990, David Barker suggested the presence of a causal association between 

adverse birth outcomes and future metabolic and cardiovascular diseases in middle- 

and high-income countries (now referred to as “Barker’s hypothesis”)5. LBW, preterm 

birth (PTB), and intrauterine growth restriction (IUGR) were some examples of adverse 

birth outcomes that were associated with future type II diabetes mellitus, hypertension, 

and coronary heart disease. 

Additional significant associations have been found between adverse birth 

outcomes (e.g., LBW, IUGR, PTB) and infant disease and death6. Associations have 

been found between LBW, SGA, and PTB and a greater risk of neonatal death7,8. 

Respiratory and neurological morbidities have also been associated with these adverse 

birth outcomes6. In comparison to infants that are of normal BW for their gestational 

age, SGA infants are at higher risk of short-term morbidities such as hypothermia, 

asphyxia, polycythemia, and hypoglycemia4. Long-term consequences of LBW, SGA, 

and PTB include a higher risk of disabilities, cardiovascular disease, diabetes, and 

obesity, among other morbidities throughout life7,8.  

1.2.3 Other Adverse Birth Outcomes 

Other adverse birth outcomes include PTB and IUGR, both of which are involved 

in the causal pathway of LBW1,6. IUGR refers to a slower growth of a fetus compared to 
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the population standard4. PTB is defined as the birth of an infant prior to 37 weeks of 

gestation9. Although there is increasing research and public health mediations aimed at 

decreasing the rate of PTB, it has instead increased in developed countries, such as in 

Canada and the United States9,10. In Canada specifically, the prevalence of PTB was 

approximately 7.8% in 2012 and has grown by 20% in the last 20 years10.  

1.3 Environmental Exposures and Adverse Birth Outcomes 

1.3.1 Air Pollutants 

Particulate matter (PM), ultrafine particles, NO2, and elemental carbon are a 

group of air pollutants that fall within the category of traffic-related air pollution (TRAP)7. 

Individual surveillance data, pollutant concentration estimates based on statistical 

models, data from monitoring sites, and distance to major roads have been used to 

determine human exposure to air pollution, among other techniques7. These 

techniques, either used individually or in combination, have advantages and 

disadvantages that researchers must consider for their studies. Which technique a 

researcher uses will be contingent on their study sample size, the specific air pollutants 

and outcomes they are interested in, cost, and the accessibility of data7. 

1.3.1.1 PM2.5 

Fine particulate matter (PM2.5) is comprised of particles with a diameter equal to 

or less than 2.5 micrometers11. It is a combination of liquids and solids with examples 

that include smoke, dust or dirt11. PM2.5 can come from a variety of sources either 

directly, such as from forest fires (woodsmoke) or construction, or indirectly, such as 

through chemical reactions of gases produced by industrial factories11. Of all of the 

types of PM, PM2.5 is the most concerning when it comes to human health11. 

Maternal exposure to PM2.5 has previously been associated with BW12. In a 

cohort study, as exposure to PM2.5 increased, BW tended to decrease12. A stronger 

association was found with greater exposure during early pregnancy12. In a systematic 

review and meta-analysis of studies that examined adverse birth outcomes and ambient 
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air pollution, most studies showed that greater exposure to PM2.5 during the whole 

pregnancy was associated with greater odds of LBW and decreased BW13. Recently, it 

was found that certain time periods of pregnancy are more susceptible to certain air 

pollutants14. In a study that was not restricted to trimesters, exposure to PM2.5 during 

mid-pregnancy (days 91 to 139) and late-pregnancy (days 249 to 272) were both 

significantly associated with decreased BW14. 

1.3.1.2  NO2 

NO2 falls within the group of nitrogen oxides (NOx)15. It is a highly reactive gas 

that creates PM upon reaction with other air pollutants15. NO2 is mainly produced by fuel 

combustion (e.g., power plant and vehicle emissions)15 and is a component of TRAP16.  

Across studies that were conducted worldwide, most reported an increased 

exposure to NO2 being associated with greater odds of LBW and lower BW13. A meta-

analysis showed that exposure to NO2 during the whole pregnancy was related to an 

average change in BW of -28.1 g (95% confidence interval (CI): -11.5, -44.8) per 20 

ppb13. In a study that examined critical time periods that were not restricted to 

trimesters, exposure to NO2 during mid-pregnancy (days 55 to 145) was significantly 

associated with decreased BW14. 

1.3.2 Greenness 

Greenness can be measured using the Normalized Difference Vegetation Index 

(NDVI) on a scale ranging from -1 to 1. NDVI is determined using red (visible) and near-

infrared wavelengths of surface reflectance on land17–19 to conclude the density of green 

biomass19. The highest NDVI score of 1 represents the most greenness while scores 

around 0 represent the least greenness17–20. NDVI scores in the negatives refer to 

water19. 

In Connecticut, United States, increased maternal exposure to greenness was 

previously associated with greater BW and fewer cases of LBW21. Similar associations 

have been found in Vancouver, Canada, where an increase in term birth weight (TBW) 
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of 20.6 g (95% CI: 16.5 , 24.7) was seen per 0.1 increase in NDVI17. Likewise, the odds 

of adverse birth outcomes such as SGA were reduced17. 

1.3.3 The Built Environment and Social Factors 

1.3.3.1 Distance to Major Roads 

Other variables of the built environment have also been associated with BW22. 

Researchers will occasionally use distance from major roads as an alternative to 

measuring individual exposure to air pollution7. Decreased distance from major roads 

was associated with a decreased BW22. Similarly, decreased distance from major roads 

was associated with increased odds of SGA22. Compared to those living more than 250 

m away from a major road, greater odds of LBW were found in those living within 250 m 

of a main road7. In contrast, other studies found no association between distance to 

roads and neither BW nor SGA7. 

1.3.3.2 Socioeconomic Status 

Previously, the Canadian Marginalization Index (also referred to as “Can-Marg”), 

a deprivation index based off of data collected from the 2006 Canadian Census, utilized 

four domains: material deprivation, residential instability, ethnic concentration, and 

economic dependency23. A separate index, the Material and Social Deprivation Index, 

has also been utilized in the past and contains six variables (employment, income, 

education, marital status, single parent family, and living alone) categorized into social 

factors and material factors24. Within the past ten years, a new Canadian SES index 

was created that assisted in the analysis of the relationship between environmental 

exposures and human health25. 

Many studies have examined SES at the neighbourhood-level as a marker for 

deprivation when examining mortality25. SES has been associated with health 

outcomes25, including adverse birth outcomes8, and may act as a confounding variable 

when determining the relationship between environmental exposures and adverse birth 

outcomes25. Disadvantaged neighbourhoods result in an increased amount of stress on 
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the mother due to the reduction in the ability to purchase foods high in nutrients, as well 

as the increased chance of crime, domestic violence, and economic stress26. 

Associations have repeatedly been found between neighbourhood deprivation and LBW 

and SGA8. An Australian study found that decreases in SES were associated with 

decreases in BW in both Indigenous populations and non-Indigenous populations, 

although this relationship was found to be stronger in Indigenous populations compared 

to non-Indigenous populations in the lowest SES quintile27.  

1.3.4 Potential Mechanisms 

1.3.4.1 Air Pollutants 

The mechanism behind the relationship seen between air pollution and birth 

weight is unclear28,29, although some potential pathways have been suggested. The 

placenta distributes nutrients and oxygen from the mother to the developing fetus during 

gestation30. Air pollution can hinder this process through increased blood clotting, 

inflammation in the lungs and placenta, as well as compromising the functioning of 

blood vessels, which result in decreased movement of blood between the uterus and 

placenta30. In addition, LBW, PTB, and IUGR can be associated with PM through 

oxidative stress and hemodynamic reactions6. It is important to note that these 

biological mechanisms could arise from other exposures in addition to air pollutants6. 

1.3.4.2 Greenness 

The mechanism behind the relationship seen between greenness and birth 

outcomes is also unclear17,19,20 and could be due to psychosocial or psychological 

factors17,18. The advantages of increased greenness may be due to less 

psychophysiological stress and depression, noise, air pollution, and lower 

temperatures18,20. Catecholamines (e.g., dopamine, epinephrine, and norepinephrine) 

are released in periods of stress. Stress during pregnancy can result in IUGR and LBW 

due to placental hypoperfusion (i.e., the fetus not being able to get enough oxygen and 

nutrients)26. Increased greenness also allows for more opportunities for regular physical 

activity17,18,20, which has been associated with greater antioxidant enzyme activity31. 
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Increased mental health of the mother has been seen with a medium level of physical 

activity, resulting in fewer cases of LBW and longer gestational lengths18. There has 

also been a relationship between high ambient temperatures and decreased period of 

gestation18. High ambient temperatures have been reduced by more green spaces18. 

1.4 Purpose and Objectives 

The purpose of this thesis was to examine the current state of knowledge and 

determine the relationship between environmental exposures and birth weight. The 

objectives of this thesis were to: 

• Determine the current scope of literature surrounding the relationship between 

PM2.5, NO2, and greenness and BW, LBW, and SGA in Canada (Chapter 2). A 

scoping review of Canadian studies was conducted to examine the relationship 

between these environmental exposures and birth outcomes. There does not 

appear to have been any previously conducted knowledge synthesis on PM2.5, 

NO2, and greenness on birth outcomes specifically in Canada. Due to diverse 

exposures to pollutants across various countries, it is important to understand 

this relationship in a Canadian context. 

• Determine which, if any, environmental exposures are associated with LBW in 

infants from low-risk pregnancies in Ontario (Chapter 3). Data from an 

environmental exposure database and a birth registry were linked and analyzed 

to determine the relationship between PM2.5, NO2, and greenness with LBW 

while adjusting for maternal and socioeconomic risk factors. 

The results of this thesis can inform future research and policy, as well as 

ultimately reduce the risks to maternal and infant health. 
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2 Chapter 2 – Maternal Exposure to Air Pollution and 
Greenness and Its Relationship with Birth Weight in 
Canada – A Scoping Review 

2.1 Abstract 

Introduction: Air pollution and greenness have been associated with adverse birth 

outcomes such as low birth weight (LBW) and small-for-gestational-age (SGA). To our 

knowledge, no review has been conducted based on Canadian studies. The purpose of 

this scoping review was to determine the breadth of literature concerning the 

association between fine particulate matter (PM2.5), nitrogen dioxide (NO2), and 

greenness with birth weight (BW), LBW, and SGA in Canada. 

Methods: An initial search was conducted in six literature databases: MEDLINE, 

Agricultural and Environmental Science Collection, Web of Science Core Collection, 

CAB Direct, ScienceDirect, and CINAHL Plus on July 22, 2021. Follow-up searches 

were conducted on January 2, 2022 and January 29, 2022. Primary studies were 

included if they examined the relationship between any of the exposures of interest 

(PM2.5, NO2 or greenness) and any of the outcomes of interest (BW, LBW or SGA). 

Results: Data was extracted from 19 studies that met the inclusion criteria. The 

included studies were conducted across Canada using data from 1986 to 2014, and 

were mostly cohort studies by design. A negative association between the air pollutants 

(PM2.5 and NO2) and BW was observed across studies. There seemed to be a slight 

increase in the odds of LBW and SGA with increased PM2.5 exposure. Although only a 

handful of studies examined greenness, a clear positive association was found between 

exposure to greenness and BW. Similarly, as maternal exposure to greenness 

increased, SGA decreased. 

Conclusion: To assess the relationship between environmental exposures and adverse 

birth outcomes, future research should investigate co-exposure to other environmental 
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factors, varying exposure ascertainment methods, and the mechanism behind this 

relationship. 

2.2 Introduction 

2.2.1 Background 

In 2017, 6.5% of all infants born in Canada had a low birth weight (LBW), 

representing 24,352 infants1. From 2001 to 2017, the percentage of low birth weight 

infants in Canada has generally increased from 5.5% to 6.5%1. Associations have been 

found between adverse birth outcomes (such as LBW and small-for-gestational-age 

(SGA)) and infant death and disease2,3. Diabetes, cardiovascular disease, and 

disabilities later in life have been found to be associated with these adverse birth 

outcomes2. 

Environmental exposures affect both short-term fetal health and long-term 

pediatric health4. For example, environmental exposures can impact neurodevelopment 

throughout childhood4. Maternal exposure to air pollution has been associated with 

LBW, restricted intrauterine growth, preterm birth, and congenital anomalies5. Previous 

research has also demonstrated relationships between living close to a major road or 

highway and LBW and SGA2.  

In the third trimester of pregnancy, maternal exposure to traffic-related air 

pollutants, such as nitrogen dioxide (NO2) and fine particulate matter with a diameter of 

less than 2.5 μm (PM2.5), have been associated with birth weight (BW)3. In a study 

conducted in Connecticut and Massachusetts, BW significantly decreased as exposure 

to PM2.5 increased6. Exposure to PM2.5 has increased due to climate change and has 

also been significantly associated with LBW7. In the same study conducted in 

Connecticut and Massachusetts, term low birth weight (TLBW) increased as exposure 

to PM2.5 increased6. Another study conducted in the same area found that maternal 

exposure to NO2 was associated with decreased BW8. 
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Greenness is commonly measured using the Normalized Difference Vegetation 

Index (NDVI)5,9–11. NDVI scores range from -1 to 1 where maximum greenness is 

denoted by 15,9–11. 0 denotes no greenness5,9–11 while water (blue space) is represented 

by any negative score11. Greenness has been positively associated with BW; however, 

two cohorts in Munich found this relationship was only present at maternal place of 

residence and not at the neighborhood level11. The association seen between 

greenness and BW was strongest in infants of mothers with less education11. There is 

uncertainty surrounding the mechanism behind this relationship, but researchers have 

proposed this could be a result of greater socialization and physical activity in areas with 

more greenness11. The association between greenness and BW could also be due to 

potential decreased exposure to air pollution in regions with more greenness11. 

2.2.2 Rationale 

There have been many primary studies with varying results regarding the 

relationships between PM2.5, NO2, and greenness with adverse birth outcomes. To our 

knowledge, no previously conducted reviews have focused specifically on Canadian 

studies. Different countries and even regions within a single country have diverse 

regulations when it comes to air pollutants and urban planning. Exposures differ across 

varying geographic areas due to these diverse regulations. 

The interest of this scoping review lies in the relationship between the 

environmental exposures of interest (PM2.5, NO2, and greenness) and BW, LBW, and 

SGA in the Canadian context. A scoping review was decided on as there is uncertainty 

surrounding the breadth and depth of literature from this geographic area. This will help 

inform future research and/or policy in Canada specifically.  

2.2.3 Purpose and Objectives 

The purpose of this scoping review was to determine the breadth of literature 

concerning the association between environmental exposures (PM2.5, NO2, and 

greenness) and BW, LBW, and SGA among Canadian mothers and infants. The 
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objectives were to i) search databases to find both published and gray literature on the 

association between these environmental exposures and birth outcomes, ii) identify 

general characteristics and commonalities of these primary studies, iii) identify the 

knowledge gaps surrounding these associations, and iv) make suggestions for the 

direction of future research. 

2.3 Methods 

The scoping review was conducted as per the methodology described by Arksey 

and O’Malley12. The reporting of the review followed the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses Extension for Scoping Reviews (PRISMA-ScR) 

Checklist13 (Appendix 2.1). 

2.3.1 Review Question 

The review question for this scoping review was: “What does the current body of 

literature tell us about the relationship between maternal exposure to air pollution (PM2.5 

and NO2) and greenness and birth outcomes (BW, LBW, and SGA) in Canada?”  

This review question was designed based on the components of the PECOS 

framework (Population, Exposure, Comparator, Outcome, Study Design)14. The PECOS 

framework is typically used for systematic reviews but was adapted for this scoping 

review with increased flexibility for certain components to allow for broad results. The 

population (P) of interest was Canadian pregnant individuals and their infants. The 

exposures (E) of interest were PM2.5, NO2, and greenness in comparison (C) with areas 

of less exposure. The outcomes (O) of interest were BW (measured as a continuous 

variable in grams), LBW (categorical variable of birth weight less than or equal to 2,500 

g), and SGA (categorical, defined as a birth weight that falls under the 10th percentile of 

infants of a certain gestational age). Studies (S) were restricted to primary studies, but 

no restriction was placed as to the type of primary study. An a priori protocol was 

created with minor changes made after pre-testing as outlined below (Appendix 2.2). 
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2.3.2 Search Strategy 

The search strategy was developed and pretested by one reviewer (JLG) in brief 

consultation with a librarian and another team member (AP). The initial search was 

conducted on July 22, 2021. Six databases were initially searched: MEDLINE (via 

Ovid), Agricultural and Environmental Science Collection (via ProQuest), Web of 

Science Core Collection, CAB Direct, ScienceDirect, and CINAHL Plus (via 

EBSCOhost) from date of database commencement to present.  

The search string for each database is attached in Appendix 2.3. Slightly 

modified search strings were used in each database due to the way the databases 

operated. A combination of keywords and MeSH terms were used in databases that 

accommodated for MeSH terms. Some of the keywords for greenness included: 

“greenness” or “green space”; for air pollutants included: “air pollution”, “air quality”, 

“PM2.5”, “particulate matter”, “NO2” and “nitrogen dioxide”; for birth weight included: 

“birth weight” and “small-for-gestational-age”; and for the population included: 

“maternal”, “infant”, and “perinatal”. Some MeSH terms included “Air Pollution”, 

“Particulate Matter”, “Nitrogen Dioxide”, “Birth Weight”, “Low Birth Weight”, and 

“Maternal Health”. 

Environmental science databases, such as the Agricultural and Environmental 

Science Collection, were searched in addition to health databases. The reasoning for 

this was to be comprehensive and reduce bias that may arise from limiting searches to 

health databases. In terms of gray literature, these databases also included theses, 

dissertations, and reports, as well as conference abstracts. The preprint server, 

medRxiv, was also searched in both the initial search and follow-up search. A handful of 

previously published reviews that appeared in the results of the search string were also 

hand-searched if they had examined similar exposures and outcomes of interest. 

A follow-up search was conducted on January 2, 2022 using the same search 

string with a specification of Canadian studies to search for any new studies since the 

last search. For this reason, the follow-up search was restricted to studies dated 2021 
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and onward. The follow-up search was conducted in all the same databases as the 

original search, except for Web of Science. Web of Science was unable to be accessed 

on January 2, 2022, but was able to be accessed on January 29, 2022.  

2.3.3 Eligibility Criteria 

The inclusion criteria based on the PECOS components14 were Population (P): 

pregnant women and their infants born in Canada; Exposure (E): PM2.5, NO2, 

greenness; the Comparator (C): areas of less exposure; Outcome (O): BW (measured 

as a continuous variable in grams), LBW (categorical variable of birth weights less than 

or equal to 2,500 g), and SGA (categorical, defined as a birth weight that is less than 

the 10th percentile of infants of a certain gestational age); and Study design (S): any 

primary study regardless of study design that were conducted in Canada. No 

restrictions were placed on study design as is typical for a scoping review12. Languages 

were restricted to English and French as these are the official languages of Canada.  

The exclusion criteria included: studies that only examined multiples (i.e., twin 

studies); studies that examined NOx and did not differentiate between NOx, NO or NO2; 

studies that did not mention PM2.5 or NO2 specifically, even if PM2.5 or NO2 may be 

constituents of the exposure (e.g., wood smoke exposure) or if the exposure was a 

constituent of either NO2 or PM2.5 (e.g., black carbon); studies that only examined 

pollutant clusters/mixtures with combinations of pollutants outside of only PM2.5 and 

NO2; studies that only examined preterm births as gestational age is associated with 

birth weight15; studies that examined BW or LBW as an effect modifier only and not as a 

main outcome; studies that did not examine the relationship between either PM2.5, NO2 

or greenness and BW, LBW or SGA directly (e.g., through gene expression); texts that 

were study protocols or proposals; and simulated studies. 

2.3.4 Relevance Screening 

Citations were downloaded from the databases and imported into a review 

management software, DistillerSR16. De-duplication was performed prior to screening, 
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as well as during the screening process. Two independent reviewers (JLG and DO) 

conducted title and abstract screening for the retrieved records in duplicate. Records 

that proceeded to the full-text screening stage were retrieved and screened by two 

independent reviewers (JLG and DO), also in duplicate. No authors needed to be 

contacted. Both the title and abstract, as well as the full-text screening questions were 

created (JLG) and pre-tested (JLG and DO) on the first 10 references at each screening 

stage. Any issues with the screening forms were addressed after pre-testing. Any 

conflicts or disagreements between reviewers were resolved by consensus among the 

two reviewers. The title/abstract and full-text screening forms are attached in Appendix 

2.4 and Appendix 2.5, respectively. The screening process is depicted in a Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart17. 

2.3.5 Data Extraction 

One reviewer (JLG) conducted data extraction using a form that was created a 

priori and pre-tested on the first three included references. A few small changes were 

made to the data extraction form after pre-testing. Another reviewer (DO) performed a 

quality check of the first reviewer’s extracted data. Conflicts were resolved by 

consensus among the two reviewers. Data extracted from each study included: year of 

publication, year(s) of follow-up, study design, location of study, funding sources, 

conflicts of interest, and key findings. Data extracted for each exposure and outcome 

combination within each study included: the number of participants, age of participants, 

exposure, mean and/or range of exposure, pollutant increment, method of exposure 

ascertainment, duration of exposure, source of air pollution, outcome, effect measure, 

method of statistical analysis, covariates, as well as any additional comments about the 

publication. Data extracted were focused on the exposures and outcomes outlined in 

the scoping review question. Additional data was briefly extracted on other 

environmental or neighborhood exposures and the outlined adverse birth outcomes. 

The data extraction form is available in Appendix 2.6. 
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2.3.6 Summary of Data 

Results from the data extraction forms were downloaded from DistillerSR as a 

Microsoft Excel file. Data was amalgamated into tables and reported based on manual 

calculations performed by JLG. Tables were created based on study location, follow-up 

period, study design, exposure type and outcome type, covariates, stratifications, and 

number of participants. In this study, the significance was determined based on whether 

the confidence intervals (CIs) covered the null value of one for the categorical birth 

outcomes (LBW and SGA) or zero for the continuous birth outcome (BW). Any CIs that 

did not cover the null value were deemed significant with the intention that this 

significance is exploratory in nature.  

2.4 Results 

2.4.1 Search Results 

The PRISMA flowchart depicting the scoping review screening process is shown 

in Figure 2.1.There were 8,531 records identified in the initial database searches from 

July 22, 2021. An additional 15 records were identified in a follow-up search on January 

2, 2022. Three previously unidentified records were also identified through hand-

searching previous reviews and added to the list of articles for screening. After de-

duplication, 3,834 articles remained and were screened based on title and abstract. 

There were 396 articles that made it through to full text screening. Six records could not 

be obtained for this study, consisting of four articles in languages other than English or 

French, as well as two records without authors that were not found through search 

engines or databases. Nineteen studies met the criteria to be included in this scoping 

review. 

2.4.2 Characteristics of Included Studies 

Seven studies were conducted across Canada, six studies were conducted in 

British Columbia, three studies were conducted in Ontario, two studies were conducted 

in Alberta, and one study was conducted in Nova Scotia (Table 2.1). Included studies 
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spanned 29 years (1986 to 2014 – Table 2.2). In terms of study design, thirteen studies 

were cohort studies, four studies were cross-sectional, and two study designs were not 

reported (Table 2.3). The number of participants in the studies ranged from 1,334 

infants to almost three million infants (Table 2.4). Multiple studies were conducted using 

the same data sources: two studies18,19 from the Alberta Perinatal Health Program 

(2006 – 2012), three studies20–22 from the Canadian Vital Statistics Birth Database 

(1999 – 2008), two studies23,24 from the BC Perinatal Database Registry (2001 – 2006), 

and three studies9,25,26 using a linked dataset comprised of data from the British 

Columbia Ministry of Health, the British Columbia Vital Statistics Agency, and Perinatal 

Services British Columbia (1999 – 2002). The most common covariates adjusted for 

across the studies were maternal age (17 studies), gestational age (in studies that 

examined LBW or BW – nine studies), parity (13 studies), infant sex (12 studies), 

smoking during pregnancy (12 studies), and socioeconomic status (SES; 17 studies) 

(Table 2.5). Variables that may have influenced the strength of association between 

PM2.5, NO2, and greenness and birth outcomes are shown in Table 2.6, based on the 

stratifications performed by individual study authors. All funding sources for the included 

studies were government or research organizations. 

2.4.3 PM2.5 and Birth Weight, Low Birth Weight, and Small-for-Gestational-Age 

In regards to exposure to PM2.5, nine studies examined BW9,20–25,27,28, eleven 

studies examined LBW18–22,25–27,29–31, and twelve studies examined SGA9,18–22,25,26,29–32 

(Table 2.7). Two studies, eight studies, and eleven studies found positive associations 

between PM2.5 exposure and BW, LBW, and SGA, respectively. Nine studies, six 

studies, and five studies found negative associations between PM2.5 exposure and BW, 

LBW, and SGA, respectively. Lastly, no association was found between PM2.5 exposure 

and LBW and SGA by one study and two studies respectively (Table 2.7).  

2.4.3.1 Relationship between PM2.5 and Birth Weight 

Without adjusting for covariates, as maternal exposure to PM2.5 increased, there 

was a significant decrease in term birth weight (TBW). After adjusting for covariates, the 
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previously seen associations were attenuated21,25 when including maternal and infant 

characteristics, but SES did not influence the associations seen21. There was a 

significantly negative association between maternal exposure to PM2.5 and TBW in the 

fully adjusted models21. There were also negative associations reported between 

maternal exposure to PM2.5 and TBW25 or BW28. Comparisons were made between 

selected critical exposure periods and exposure periods typically seen in the literature 

(e.g., trimesters or months)28. 

In sensitivity analyses, the percentage of Chinese individuals within a 

dissemination area (DA) was also adjusted for25. This adjustment was performed as 

there is a large population of individuals with Asian ethnicity in the Greater Vancouver 

Metropolitan Area25. It has been shown that infants of Asian and South Asian ethnicity 

tend to have lower BWs than those of Caucasian ethnicity25. The relationships that were 

seen between PM2.5 and TBW were weakened25. A stronger relationship was seen 

between maternal PM2.5 exposure closer to the end of pregnancy and TBW21. 

The relationship between maternal PM2.5 exposure and BW both as a linear 

variable and as a quadratic was examined24. The relationship between maternal PM2.5 

exposure and BW was found to be non-linear24. As maternal exposure to PM2.5 

increased, BW significantly decreased until it reached a plateau when PM2.5 

concentrations were high24. Moreover, a significantly negative relationship appeared 

between PM2.5 exposure and TBW when PM2.5 was modelled as a linear variable, but 

there was a significantly positive relationship between PM2.5 exposure and TBW when 

PM2.5 was modelled as a quadratic23. 68.5% of the random intercept variability 

pertaining to average birth weight per DA could be explained by maternal 

characteristics, the SES index for the DA, and PM2.5 exposure23.  

2.4.3.2 Relationship between PM2.5 and Low Birth Weight 

The odds of TLBW increased with increasing maternal exposure to PM2.5 when 

covariates were not included in the model21. After adjusting for covariates, the 

previously seen associations were attenuated when including maternal and infant 
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characteristics, but SES did not influence the associations seen. A significant positive 

relationship between PM2.5 exposure and TLBW was found18 (Table 2.7). In an adjusted 

model31, significantly positive associations were also found between PM2.5 and TLBW in 

Nunavut and Ontario. 

On the contrary, another study found a consistent negative association between 

maternal exposure to PM2.5 and LBW30. No significant associations were found between 

maternal exposure to PM2.5 and TLBW30. Significantly negative associations were found 

between PM2.5 and TLBW in Manitoba31. Maternal comorbidities did not appear to be 

effect modifiers for the relationship between exposure to PM2.5 and TLBW29. In most of 

the analyses performed, it appeared that exposure to PM2.5 was generally negatively 

associated with TLBW in both stratified and unstratified models29. 

A significant association between PM2.5 exposure and TLBW was not observed 

in the adjusted model regardless of how exposure was measured (inverse distance 

weighting (IDW) or land-use regression (LUR)), although the direction of the association 

varied with exposure ascertainment method26. In an adjusted model, no significant 

associations were found between PM2.5 emissions and TLBW in Newfoundland or Nova 

Scotia31. In the adjusted model, no significant associations were found between PM2.5 

emissions and TLBW in PEI31. In the adjusted model, no significant associations were 

found between PM2.5 emissions and TLBW in Northwest Territory31.  

When these relationships were examined by month and trimester, no association 

was seen between maternal exposure to PM2.5 and TLBW21; however, as exposure to 

PM2.5 increased, the odds of TLBW increased in the first trimester27. As exposure to 

PM2.5 increased, the odds of TLBW decreased in the 2nd and 3rd trimesters, as well as 

over the whole pregnancy27. This was consistent with associations seen between 

maternal exposure to PM2.5 and TBW (i.e., decrease in TBW in the first trimester and 

increase in TBW in the 2nd and 3rd trimesters, as well as over the whole pregnancy)27. 
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2.4.3.3 Relationship between PM2.5 and Small-for-Gestational-Age 

The pattern of critically ill SGA infants varied across the Census Metropolitan 

Areas based on space-time mapping32 (Table 2.7). Significant positive relationships 

were found between PM2.5 exposure and SGA in Alberta and Ontario, respectively18,31. 

Without adjusting for covariates, as maternal exposure to PM2.5 increased, there was a 

significant increase in SGA in one cohort21; however, after adjusting for covariates, the 

previously seen associations were attenuated when including maternal and Infant 

characteristics. There was a positive (but not significant) association between maternal 

exposure to PM2.5 and SGA in the fully adjusted models21. SES did not influence the 

associations seen21. The relationship between maternal PM2.5 exposure and SGA was 

greater closer to the end of pregnancy21. A significantly positive association was seen 

between maternal exposure to PM2.5 in the 2nd trimester and SGA29. Another study 

found no higher risks during certain trimesters of pregnancy26. 

In contrast, it appears that exposure to PM2.5 is generally negatively associated 

with SGA in other stratified and unstratified models29. Maternal comorbidities did not 

appear to be effect modifiers for the relationship between exposure to PM2.5 and SGA29. 

Significantly negative associations were found between PM2.5 and SGA in Manitoba, as 

well as for SGA in PEI and Alberta31. 

No significant association was seen between maternal exposure to PM2.5 and 

SGA in the adjusted models of one study30. No significant associations between 

maternal exposure to PM2.5 and SGA in Yukon were found in the adjusted model31. In 

the adjusted model, no significant associations were found between PM2.5 emission and 

SGA in Northwest Territory31.  

In sensitivity analyses where the percentage of Chinese individuals within a DA 

was also adjusted for, the relationships that were seen between PM2.5 and SGA were 

weakened25. Models that estimated PM2.5 exposure using LUR models were more 

affected by adjusting for other environmental exposures compared to models that 

estimated exposure using IDW. In models that adjusted for other air pollutants and 
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noise, the relationship previously seen between PM2.5 and SGA did not substantially 

change.  

2.4.4 NO2 and Birth Weight, Low Birth Weight, and Small-for-Gestational-Age 

In regards to exposure to NO2, five studies examined BW9,20,22,25,28, eight studies 

examined LBW19,20,22,25,26,29,30,33, and eight studies examined SGA9,19,20,22,25,26,29,30 

(Table 2.8). Five studies found a positive association between NO2 exposure and LBW, 

as well as between NO2 exposure and SGA. Five studies, six studies, and six studies 

found a negative association between NO2 exposure and BW, LBW, and SGA, 

respectively. Two studies found no association between NO2 exposure and LBW. 

2.4.4.1 Relationship between NO2 and Birth Weight 

A significant negative relationship was found between exposure to NO2 and 

TBW20. This relationship remained consistent when stratified by subgroups, even when 

models were adjusted for level of education, maternal or paternal occupation, as well as 

income level20. Sensitivity analysis showed that this relationship was strengthened in 

higher SES neighbourhoods, neighbourhoods with a decreased percentage of visible 

minorities, and when using monitoring data measured by month20. 

On the contrary, attenuated relationships were also seen between maternal 

exposure to NO2 and TBW in an adjusted model compared to a crude model25. A 

negative association was still seen between maternal exposure to NO2 and TBW25. The 

same association was seen between maternal exposure to NO2 and BW in a separate 

study28. In sensitivity analyses where authors also adjusted for the percentage of 

Chinese individuals within a DA, the relationships that were seen between NO2 and 

TBW were weakened25. Comparisons were made between selected critical exposure 

periods and exposure periods typically seen in the literature (e.g., trimesters or 

months)28. 
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2.4.4.2 Relationship between NO2 and Low Birth Weight 

Exposure to NO2 was generally negatively associated with TLBW in both 

stratified and unstratified models29. Maternal comorbidities did not appear to be effect 

modifiers for the relationship between exposure to NO2 and TLBW29. As maternal 

exposure to NO2 increased in either the first or last months of pregnancy, LBW also 

decreased33. No significant associations between maternal exposure to NO2 and LBW 

for either the first or last months of pregnancy in the adjusted model33. The association 

between NO2 exposure and TLBW was significantly positive for the IDW exposure 

method, but negative and not significant using the LUR exposure method in the 

adjusted model26. No significant associations were found between maternal exposure to 

NO2 and TLBW in a separate study30.  

2.4.4.3 Relationship between NO2 and Small-for-Gestational-Age 

Exposure to NO2 was generally negatively associated with SGA in a stratified 

and unstratified model29. Maternal comorbidities did not appear to be effect modifiers for 

the relationship between exposure to NO2 and SGA29. A negative (but not significant) 

association between maternal exposure to NO2 and SGA was found when LUR was 

used; however, a significant positive association was seen between maternal exposure 

to NO2 and SGA when IDW was used25.  

In sensitivity analyses where the percentage of Chinese individuals within a DA 

was adjusted for, the relationships that were seen between NO2 and SGA were 

weakened25. Models that estimated NO2 exposure using LUR models were more 

affected by adjusting for other environmental exposures compared to models that 

estimated exposure using IDW25. In models that adjusted for other air pollutants and 

noise, the relationship previously seen between NO2 and SGA did not substantially 

change.  
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No significant association was found between maternal exposure to NO2 and 

SGA in other adjusted models30. No increased risks were found during certain 

trimesters of pregnancy26.  

2.4.5 Greenness and Birth Weight, Low Birth Weight, and Small-for-Gestational 
Age 

The relation of BW9,22,34, LBW19,22,35, and  SGA9,19,22 with greenness exposure 

was assessed by three studies each (Table 2.9). All three studies found a positive 

association between greenness and BW. All three studies found a negative association 

between greenness and LBW. All three studies found a negative association between 

greenness and SGA. 

2.4.5.1 Relationship between Greenness and Birth Weight 

Overall, maternal exposure to greenness (based on the NDVI) was significantly 

positively associated with TBW in the fully adjusted model of one cohort9. This model 

included individual, SES, and built environment exposures as covariates9. As maternal 

exposure to greenness increased, TBW significantly increased. When individual and 

SES characteristics were added to the unadjusted models, the relationship between 

residential greenness and TBW was weakened9. There was not much change to the 

effect measure when air pollutants (NO2, PM2.5, nitric oxide (NO), and black carbon 

(BC)), walkability, distance to the nearest park, and noise were added into the models9. 

One study found that the association between greenness (NDVI) and TBW is nonlinear 

before a certain value (inflection point at 0.15 NDVI), but a linear relationship occurs 

beyond this point9. 

As greenness increased within a 250 m buffer, TBW also significantly 

increased22. These associations remained regardless of neighborhood income status. 

There was no major change in the relationship between greenness and TBW when the 

authors conducted sensitivity analyses using varying NDVI buffers22. Stronger 

associations were found between greenness and TBW with more urbanicity22. Greater 

exposure to greenness was also found to be positively associated with TBW after 
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adjustment for maternal/paternal and neighborhood-level variables34. The strength and 

significance of this association may be greater in larger metropolitan areas, such as 

Vancouver and Toronto34.  

2.4.5.2 Relationship between Greenness and Low Birth Weight 

As greenness increased within a 250 m buffer, TLBW significantly decreased22. 

This association remained regardless of neighborhood income status22. There was no 

major change in the relationship between greenness and TLBW when the authors 

conducted sensitivity analyses using varying NDVI buffers22. A stronger association was 

found between greenness and TLBW with increasing urbanicity22. 

Based on the Spearman rank correlation, the cases of LBW at term, in relation to 

environmental exposures, differed across the province of Alberta19. There was a 

negative correlation between greenness and TLBW (ρ less than -0.40). In the fully 

adjusted model (Model 4), no relationship between greenness and most neighborhood-

level variables with LBW was found, with the exception of the percentage of 

immigrants19.  

2.4.5.3 Relationship between Greenness and Small-for-Gestational-Age 

As greenness increased within a 250 m buffer, SGA significantly decreased22. 

This association remained regardless of neighborhood income status22. There was no 

major change in the relationship between greenness and SGA when the authors 

conducted sensitivity analyses using varying NDVI buffers22. Stronger associations were 

found between greenness and SGA with increasing urbanicity22.  

Overall, maternal exposure to greenness (NDVI) was significantly negatively 

associated with SGA in the fully adjusted model of one cohort9. This model included 

individual, SES, and built environment exposures as covariates9. As maternal exposure 

to greenness increased, SGA significantly decreased9. When individual and SES 

characteristics were added to the unadjusted models, the relationship between 

residential greenness and SGA was weakened9. There was not much change to the 
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effect measure when air pollutants (NO2, PM2.5, NO, and BC), walkability, distance to 

the nearest park, and noise were added into the models9. One study found that the 

association between greenness (NDVI) and SGA is nonlinear before a certain value 

(inflection point at 0.15 NDVI), but a linear relationship occurs beyond this point9.  

The cases of SGA, in relation to environmental exposures, differed across the 

province of Alberta19. Based on the Spearman rank correlation for the province overall, 

there was a negative correlation between greenness and SGA (ρ less than -0.40)19.  

2.4.6 Knowledge Gaps and Future Research Identified by Primary Studies 

There were varying areas of potential future research identified within the 

included studies. Further research could examine exposures by specific location/area19. 

Future research could also focus on the interaction between smoking and neighborhood 

factors, and how this interaction relates to BW23. 

More research needs to be conducted on the relationship between greenness, 

climate, and population density34. More research also needs to be conducted on the 

mechanism behind the relationship between exposure to greenness/green space and 

BW. Results can be used to inform the urban planning of major roads and highways26. 

Future research could be directed towards determining the toxicological properties of 

traffic-related air pollution. Future research could also determine at-risk groups, as well 

as the mechanisms behind why these groups are at risk21. 

2.5 Discussion 

2.5.1 Exposure to Air Pollutants and Adverse Birth Outcomes 

2.5.1.1 PM2.5 

PM2.5 was the most studied exposure of the three exposures of interest. There 

seemed to be a predominantly negative relationship between exposure to PM2.5 and 

BW. Nine studies found a negative relationship between exposure to PM2.5 and BW, in 

which two of these studies also found a positive relationship between exposure to PM2.5 
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and BW in different models or time periods. There was a significant negative 

relationship between PM2.5 and BW when PM2.5 was modelled linearly, but this 

relationship became significantly positive when PM2.5 was modelled as a quadratic23. 

There is a negative association between PM2.5 and BW in the 1st trimester, but not in the 

2nd and 3rd trimesters27. 

There appears to be more significant findings for BW than for the categorical 

birth outcomes, both in the original models and when stratified. Less consistency was 

seen with the categorical outcomes, LBW and SGA; however, it appeared there were 

more studies that found a positive association between PM2.5 and these two adverse 

birth outcomes. This is a similar finding to that of BW as a continuous outcome, in which 

increased exposure to PM2.5 was associated with decreased BW. Stronger associations 

were also found in those without health conditions29. Different associations were found 

across Canada’s provinces and territories. There appeared to be wider CIs in the three 

territories (Northwest Territories, Nunavut, and Yukon) compared to the provinces31. 

There were few studies conducted in the less populated provinces and territories. 

Results may be more applicable to urban and populated provinces as most of the 

studies took place in these areas. 

The direction of the association occasionally varied with exposure ascertainment. 

Using both IDW and LUR resulted in a positive relationship with PM2.5 and LBW25; 

however, in another study that used the same data set26, LUR resulted in a positive 

association being found while IDW produced a negative association. This issue did not 

occur across these studies for SGA where the association remained positive regardless 

of method of exposure ascertainment.  

Not much information was provided regarding the source of PM2.5 across studies, 

except for studies that used the National Pollutant Release Inventory18,31,32 to determine 

industrial emissions. Wood smoke is a source of PM2.5
36 and it was found that as the 

number of days of wood smoke exposure during pregnancy increased, the odds of SGA 

increased25.  
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2.5.1.2 NO2 

There is a clear negative association between exposure to NO2 and BW. The five 

included cohort studies found a significant negative association in at least one of their 

models.  

Again, there appears to be more significant findings for BW than for the 

categorical birth outcomes both in the original models and when stratified. There was 

less consistency seen with the categorical outcomes. A similar number of studies found 

a positive association between NO2 exposure and LBW and SGA as those that found a 

negative association between NO2 exposure and these two adverse outcomes. 

Stronger associations were also found in those without health conditions29. Studies that 

used multiple exposure ascertainment methods (i.e., created models using both LUR 

and IDW) found different directions of association. These studies used the same 

dataset25,26. Positive associations were found between NO2 and LBW when IDW was 

used25,26; however, this relationship became negative (but not significant) with LUR25,26. 

Similarly, a significant positive association between NO2 and SGA was found when 

using IDW, but this relationship was negative (and not significant) when using LUR25,26.  

Studies that stratified based on maternal place of residence seemed to find 

stronger negative relationships between PM2.5, NO2 and adverse birth outcomes in 

urban areas. Most studies were conducted in densely populated areas with a focus on 

census metropolitan areas or urban metropolitan areas. No consistent findings were 

evident based on stratification by income, education, or ethnicity. A few studies also 

stratified by the percentage of individuals in the DA that were in the lowest income 

quintile9,20–22. When examining the relationship between NO2 and both BW and SGA, 

one study found that the percentage of individuals at least 15 years old in the lowest 

income quintile was significant in the 1st and 2nd tertiles, but not in the 3rd tertile20. No 

clear pattern was seen in or across the other studies.  
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2.5.2 Exposure to Greenness and Adverse Birth Outcomes 

Only five studies examined greenness as an exposure of interest. A clear 

positive association was found between maternal exposure to greenness and BW. 

Likewise, a clear negative association was found between maternal exposure to 

greenness and SGA. All three studies that examined greenness and SGA showed this 

negative relationship. As with exposure to air pollutants, there appears to be more 

significant findings for BW and greenness than for the categorical birth outcomes both in 

the original models and when stratified. 

The relationship between maternal exposure to greenness and LBW was less 

clear. Although all three studies that examined this relationship found a negative 

association19,22,35, only one was significant (significance determined based on the 95% 

CI)22. The difference seen between the studies could be due to location of study 

(Southwestern Ontario35 compared to Census Metropolitan Areas across Canada22) or 

years of follow-up (one being more recent from 2009-201435 and the other from 1999-

200822). When stratified by province, there was a significant negative association found 

in Ontario and did not explain the variation found in the association between greenness 

and LBW22. There was also a difference in the number of participants with one study 

including 25,263 pregnant individuals35 while the other had included approximately 2.2 

million participants22. 

Similar to air pollutants, all studies that stratified by urbanicity found stronger, 

significant negative relationships between greenness and the categorical outcomes, as 

well as significant positive relationships between greenness and BW in the census 

metropolitan areas and agglomeration areas compared to areas with just a metropolitan 

influence. No consistent findings were evident based on stratification by income, 

education or ethnicity. 

Many studies adjusted for infant and maternal characteristics, as well as SES; 

however, few studies adjusted for other environmental and built environment exposures. 

NO2 was the variable most commonly adjusted for (when it was not the main exposure 
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of interest). SES was adjusted for in all studies but one, but the way it was included 

varied (e.g., some studies used the cutoff point for education while others used an 

index). Many other neighborhood factors and environmental exposures may be 

influencing the association seen (e.g., only two studies adjusted for ozone (O3), only 

one study adjusted for noise, only three studies adjusted for walkability). There was only 

one study that included noise in their adjusted model9. Road density was also adjusted 

for in only one study31 while another study found an association between resident 

distance from a highway and SGA25. When maternal residence was examined as the 

exposure of interest, no significant association was found with SGA nor TLBW in the 

adjusted models26. When noise was examined as an exposure of interest, a negative 

relationship was found between noise and TBW25.  

2.5.3 Future Research 

More research is needed on the relationship between exposure to greenness and 

adverse birth outcomes as only five primary studies were found. Research should 

consider other built environment variables and include these other environmental and 

neighborhood factors in the models to rule out any spurious associations that may be 

seen. Future research can be focused on sensitive periods of exposure for Canadian 

women, determine the accuracy of exposure ascertainment methods, determine the 

sources of PM2.5 exposure, and the methods in which to limit or decrease exposure 

and/or emissions of PM2.5. There is a need to examine the association between air 

pollutants and greenness on birth outcomes in rural populations and to differentiate 

between relationships seen in rural compared to urban areas. Ethnicity was adjusted for 

in various ways across studies (e.g., maternal/paternal race/ethnicity, the percentage of 

visible minorities, Indigenous population) producing differing results. When associations 

were examined between living on a First Nations’ reserve and TLBW and SGA, no 

significant associations were found31. More research on effect modification by income, 

education, and ethnicity is needed.  
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A knowledge gap commonly identified across studies was that more research 

needed to be focused on the mechanism behind how these air pollutants and 

greenness were related to birth outcomes26,34. More research should also be conducted 

on the mechanisms as to why certain population groups have higher susceptibility to 

these exposures21. 

Future systematic review and meta-analyses of cohort studies could assist with 

knowledge synthesis and determining the true relationship between PM2.5 and NO2 with 

birth outcomes. There were many studies that examined PM2.5 and NO2 with some 

conflicting results. More primary research is needed for the associations between 

greenness and birth outcomes. The quality of primary studies is not typically assessed 

in a scoping review12,37, so future research should determine the quality of included 

studies to assist in determining the true relationship between birth outcomes and these 

environmental exposures.  

2.5.4 Study Limitations 

One limitation of this scoping review is the lack of restrictions placed on the 

primary study design. Although informative nonetheless, it is more difficult to determine 

temporality of exposure based on cross-sectional studies. Thus, the relationships seen 

in these types of study designs cannot truly be directly compared to cohort studies. 

The mean exposure to PM2.5, NO2, and greenness also differed across studies 

and was difficult to compare due to varying exposure ascertainment methods (e.g., 

population exposure based on total pollutant emissions compared to individual 

exposure based on monitoring sites). Another limitation is that the number of 

participants varied greatly across the nineteen studies and it is difficult to compare 

conclusions based on a sample of 1,334 pregnant individuals to that of almost three 

million pregnant individuals. 

Since the geographic area of our scoping review is limited to Canada, there 

shouldn’t be much bias due to language restrictions as studies that are not in English or 

French were most likely not conducted in Canada. 
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2.6 Conclusion 

This scoping review has identified the breadth of Canadian literature regarding the 

association between environmental exposures (PM2.5, NO2, and greenness) and birth 

outcomes (BW, LBW, and SGA), as well as identified the knowledge gaps and 

directions of future research. There appears to be the most research surrounding PM2.5 

and birth outcomes in Canada, compared to NO2 and greenness. There was generally a 

negative relationship between PM2.5 and BW and a generally positive, but less 

consistent relationship between PM2.5 and LBW and SGA. A clear negative association 

was found between NO2 and BW while no clear relationship was seen between NO2 

and the categorical birth outcomes. A clear positive association was found between 

greenness and BW. Likewise, a clear negative association was found between 

greenness and SGA while the relationship between greenness and LBW was less clear. 

Fewer studies examined greenness as an exposure of interest. 

Future research is needed to address these knowledge gaps, as well as to 

address discrepancies seen in exposure ascertainment, urbanicity, as well as the 

inclusion of other environmental and neighborhood covariates in the models examining 

PM2.5, NO2, and greenness. This scoping review also emphasizes the need for more 

Canadian studies examining these exposures and adverse birth outcomes. For 

exposures such as PM2.5 that have been more well-researched, this study can be 

informative for the conduct of future systematic reviews and meta-analyses.  
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2.9 Tables 

Table 2.1: 19 Studies Included in the Scoping Review Categorized by Location of 
Study 

Location Study Additional Details (if provided) 

Across Canada 32 Census Metropolitan Areas (Calgary, Edmonton, Fredericton, 
Halifax, Hamilton, Kingston, London, Moncton, Montreal, Ottawa, 
Quebec, Regina, Saint John, Saskatoon, St. John's, Toronto, 
Vancouver, Victoria, and Winnipeg) 

34 Urban metropolitan areas (Vancouver, Edmonton, Winnipeg, and 
Toronto) 

20**  
21**  
31  
22** Census Metropolitan Areas 
28 Halifax, Montreal, Ottawa, Kingston, Toronto, Hamilton, Sudbury, 

Winnipeg, Edmonton, and Vancouver 

Alberta 18*  
19*  

Ontario 35 Southwestern Ontario 
27 Barrie, Belleville, Brantford, Chatham, Cornwall, Dorset, Guelph, 

Hamilton, Kingston, Kitchener, Mississauga, Morrisburg, North 
Bay, Oakville, Oshawa, Parry Sound, Petawawa, Peterborough, 
Port Stanley, Sarnia, Sault Ste. Marie, Simcoe, St. Catherine's, 
Sudbury, Thunder Bay, and Toronto 

29  

British Columbia 23***  
24***  
9**** Vancouver metropolitan area 
25**** Greater Vancouver metropolitan region 
26**** Greater Vancouver metropolitan region 
33 Greater Vancouver area 

Nova Scotia 30 Halifax 

*From the same birth data source: Alberta Perinatal Health Program (2006 – 2012) 
**From the same birth data source: Statistics Canada, Canadian Vital Statistics – Birth Database (1999 – 
2008) 
***From the same birth data source: BC Perinatal Database Registry (2001 – 2006) 
****From the same linked data sources: British Columbia Ministry of Health, the British Columbia Vital 
Statistics Agency, and Perinatal Services British Columbia (1999 – 2002)  
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Table 2.2: 19 Studies Included in the Scoping Review Organized in Descending 
Order by Follow-up Period 

Years of Follow Up Study (Authors, Year) 

2009 – 2014 35 

2009 – 2012 34 

2008 – 2012 30 

2006 – 2012 18* 
27 
19* 
31 

2005 – 2012 29 

2011 32 

2008 – 2011 28 

1999 – 2008 20** 
21** 
22** 

2001 – 2006 23*** 
24*** 

1999 – 2002 9**** 
25**** 
26**** 

1986 – 1998 33 

*From the same birth dataset: Alberta Perinatal Health Program (2006 – 2012) 
**From the same birth dataset: Statistics Canada, Canadian Vital Statistics – Birth Database (1999 – 
2008) 
***From the same birth dataset: BC Perinatal Database Registry (2001 – 2006) 
****From the same linked datasets: British Columbia Ministry of Health, the British Columbia Vital 
Statistics Agency, and Perinatal Services British Columbia (1999 – 2002)  
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Table 2.3: 19 Studies Included in the Scoping Review Categorized by Study 
Design 

Study Design Study (Authors, Year) 

Cohort 35 
34 
27 
20** 
29 
21** 
30 
9**** 
25**** 
26**** 
33 
22** 
28 

Cross-sectional 32 
23*** 
24*** 
31 

Not reported 18* 
19* 

*From the same birth dataset: Alberta Perinatal Health Program (2006 – 2012) 
**From the same birth dataset: Statistics Canada, Canadian Vital Statistics – Birth Database (1999 – 
2008) 
***From the same birth dataset: BC Perinatal Database Registry (2001 – 2006) 
****From the same linked datasets: British Columbia Ministry of Health, the British Columbia Vital 
Statistics Agency, and Perinatal Services British Columbia (1999 – 2002)  
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Table 2.4: Number of Participants in the 19 Included Studies 

Study Number of Participants 
21 2,965,440** 
20 2,557,460** 
22 Approx. 2,200,000** 
31 941,085 (for largest province: Ontario) 
29 818,400 
19 333,247* 
18 333,247* 
23 232,291*** 
24 231,929*** 
33 229,085 
27 196,171 
26 70,249**** 
9 64,705**** 
25 64,591**** 
35 25,263 
30 14,360 
34 2,510 
28 1334 
32 Not reported 

Number of participants in descending order based on the fully adjusted model in each study with the 
largest number of participants. 
*From the same birth dataset: Alberta Perinatal Health Program (2006 – 2012) 
**From the same birth dataset: Statistics Canada, Canadian Vital Statistics – Birth Database (1999 – 
2008) 
***From the same birth dataset: BC Perinatal Database Registry (2001 – 2006) 
****From the same linked datasets: British Columbia Ministry of Health, the British Columbia Vital 
Statistics Agency, and Perinatal Services British Columbia (1999 – 2002)
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Table 2.5: 19 Studies Included in the Scoping Review Categorized by the Covariates Included in the Models 

Covariate Number of Studies Study 

Maternal and Infant Characteristics 

Maternal age 17 9,18,20–31,33–35 

Parity 13 9,20,21,24–30,33, multiparity18, nulliparous23 

Gestational age 9 9,20,21,24,25,27,28,33,34 

Infant sex 12 9,20,21,25–29,31,33–35 

Infant birth year 9 9,20,21,25–27,29,31,34 

Infant birth month 6 9,25–27,29,34 

Season of birth 8 20–22,28,31,33, fall or winter23,24 

 

Maternal Medical History 

Previous preterm births 2 18,35 

Bleeding 1 18 

Preeclampsia 1 27 

Gestational hypertension 2 18,24 

Chronic hypertension 2 27,35 

Gestational diabetes 4 18,24,27,35  

Diabetes 3 24, type 1 and 2 diabetes mellitus27, pre-existing insulin-dependent diabetes35 

Pre-pregnancy asthma 2 27,35 

Pre-existing heart disease 1 35 

Pre-existing Hepatitis B 1 35 

Pre-existing lupus 1 35 

Pre-existing thyroid 
disease 

1 35 

Previous caesarean 
section delivery 

2 27,29 

Anxiety this pregnancy 1 35 

Maternal depression 2 34, depression this pregnancy35 

Pre-pregnancy BMI 2 28,35 
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Personal and Neighbourhood Factors 

Smoking during pregnancy 12 9,18,25–30,34,35, number of cigarettes per day23,24 

Substance use during 
pregnancy 

5 18; marijuana, alcohol, opioid, narcotic, and herbal medicine use during 
pregnancy as separate variables35; drug or alcohol use23,24; alcohol use28 

Maternal stress 1 34 

Intention to breastfeed 1 35 

Prenatal care 2 Not having an antenatal care provider35, prenatal care visits24 

Marital status 5 20–22,27,28 

% of lone-parent families 1 35 

Social support 1 34 

Socioeconomic status 17 18,32; % with less than or only a high school diploma and % low income35; % 
without high school education, maternal/paternal education level, 
neighbourhood household income, and unemployment34; % of adult women 
between the ages of 25 and 64 years who finished postsecondary education 
and median family income in dissemination area27,29; SES index and 
education23,24; SES, maternal education, and maternal income20; % of women 
at least 25 years old with postsecondary education and % of women at least 15 
years old in the lowest income quintile21; neighbourhood income30; education 
and income9,25,26,28; % of neighbourhoods with low SES31; % of women at least 
15 years who were unemployed, % of women at least 15 years in the lowest 
income quintile, and % of women at least 25 years old22 

Occupation 1 Maternal and paternal20 

Maternal/paternal 
race/ethnicity 

2 28,34 

% of immigrants 3 35, immigrant density23,24 

% of visible minorities 7 21,22,27,29,34,35, % visible minority and whether the mother is a visible minority20 

Indigenous 4 % Indigenous35, First Nations status9,25,26 

Maternal place of birth 3 22, born in or outside of Canada20,21 

Maternal place of 
residence 

1 21, maternal place of residence and maternal province of residence22 

 

Environmental Exposures and the Built Environment 
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PM2.5 3 9,22,34 

Black carbon 1 9 

NO2 6 9,18,22,27,32,34 

NO 1 9 

SO2 1 35 

O3 2 34,35 

Indoor air quality index 1 34 

Walkability 3 Number of grocery stores within 1600 m and number of variety stores within 
500 m35, Walkscore34, walkability index9 

Road density 1 31 

Proximity to parks 2 9,34 

Proximity to water 1 34 

Noise 1 9 

% of dwellings in need of 
major repair 

1 35 

Population density 2 35, at 1 km34 

Location 7 By city34, rural address23,24, urban or rural place of residence and airshed20,21, 
urban or rural place of residence29, urban birthplace31 

Migration 1 31 

Number of infants 1 32 

Reported based on fully adjusted models.
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Table 2.6: Variables that May Have Influenced the Strength of Association Between Air Pollutants and Greenness 
with Birth Outcomes 

Variable Study Exposure Increment Outcome With Variable: OR (95% 
CI) or change in grams 
(95% CI) 

Without Variable: OR (95% 
CI) or change in grams 
(95% CI) 

Asthma 
 

29 PM2.5 2.0 μg/m3 SGA 0.976 (0.942, 1.012) 0.981 (0.974, 0.988) 

NO2 9.0 ppb SGA 0.980 (0.967, 0.993) 0.985 (0.983, 0.987) 

PM2.5 2.0 μg/m3 LBW 0.912 (0.780, 1.069) 0.962 (0.931, 0.994) 

NO2 9.0 ppb LBW 0.990 (0.935, 1.049)  0.988 (0.978, 0.996) 

Hypertension 29 PM2.5 2.0 μg/m3 SGA 0.973 (0.900, 1.053) 0.981 (0.974, 0.988) 

NO2 9.0 ppb SGA 0.982 (0.960, 1.005) 0.985 (0.983, 0.987) 

PM2.5 2.0 μg/m3 LBW 0.893 (0.681, 1.084)  0.964 (0.941, 0.998) 

NO2 9.0 ppb LBW 0.978 (0.903, 1.059) 0.992 (0.980, 1.002) 

Heart disease 29 PM2.5 2.0 μg/m3 SGA 0.976 (0.880, 1.084) 0.981 (0.974, 0.988) 

NO2 9.0 ppb SGA 0.979 (0.946, 1.014) 0.985 (0.983, 0.987) 

PM2.5 2.0 μg/m3 LBW 0.681 (0.423, 1.094) 0.966 (0.933, 1.000) 

NO2 9.0 ppb LBW 0.998 (0.872, 1.143) 0.992 (0.980, 1.002) 

Diabetes 29 PM2.5 2.0 μg/m3 SGA 0.980 (0.905, 1.062) 0.981 (0.974, 0.988) 

NO2 9.0 ppb SGA 0.997 (0.975, 1.020) 0.985 (0.982, 0.987) 

PM2.5 2.0 μg/m3 LBW 1.002 (0.745, 1.348) 0.964 (0.931, 0.998) 

NO2 9.0 ppb LBW 0.992 (0.914, 1.075) 0.992 (0.980, 1.002) 

Gestational 
diabetes 

29 PM2.5 2.0 μg/m3 SGA 0.956 (0.918, 0.996) 0.981 (0.974, 0.988) 

NO2 9.0 ppb SGA 0.994 (0.983, 1.005) 0.984 (0.982, 0.986) 

PM2.5 2.0 μg/m3 LBW 0.943 (0.803, 1.107) 0.968 (0.935, 1.002) 

NO2 9.0 ppb LBW 1.002 (0.958, 1.047) 0.994 (0.982, 1.004) 

Preeclampsia 29 PM2.5 2.0 μg/m3 SGA 0.996 (0.953, 1.040) 0.980 (0.973, 0.987) 

NO2 9.0 ppb SGA 0.994 (0.981, 1.007) 0.985 (0.982, 0.987) 

PM2.5 2.0 μg/m3 LBW 0.884 (0.752, 1.040) 0.972 (0.939, 1.006) 

NO2 9.0 ppb LBW 0.974 (0.931, 1.022) 0.996 (0.986, 1.006) 

Maternal 
place of birth 

21 PM2.5 10 μg/m3 LBW In Canada: 1.04 (0.96, 1.13) Not in Canada: 0.97 (0.85, 1.11) 

PM2.5 10 μg/m3 SGA In Canada: 1.09 (1.05, 1.13) Not in Canada: 0.97 (0.92, 1.04) 

PM2.5 10 μg/m3 BW In Canada: -30.9 (-35.6, -26.1) Not in Canada: -10.1 (-18.6, -1.6) 
20 NO2 11.5 ppb LBW In urban areas: 1.01 (0.99, 

1.04) 
In rural areas: 0.93 (0.76, 1.13) 
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Maternal 
place of 
residence 

NO2 11.5 ppb SGA In urban areas: 1.02 (1.01, 
1.03) 

In rural areas: 1.00 (0.92, 1.09) 

NO2 11.5 ppb BW In urban areas: -8.3 (-9.8, -6.8) In rural areas: -1.6 (-14.4, 11.2) 
21 PM2.5 10 μg/m3 LBW In urban areas: 1.00 (0.93, 

1.08) 
In rural areas: 0.97 (0.81, 1.17) 

PM2.5 10 μg/m3 SGA In urban areas: 1.02 (0.99, 
1.06) 

In rural areas: 1.05 (0.97, 1.14) 

PM2.5 10 μg/m3 BW In urban areas: -15.8 (-20.3, -
11.3) 

In rural areas: -21.1 (-31.4, -10.9) 

29 PM2.5 2.0 μg/m3 SGA In urban areas: 0.962 (0.947, 
0.976) 

In rural areas: 1.000 (0.939, 1.063) 

NO2 9.0 ppb SGA In urban areas: 0.872 (0.849, 
0.889) 

In rural areas: 0.712 (0.247, 2.136) 

PM2.5 2.0 μg/m3 LBW In urban areas: 0.960 (0.929, 
0.994) 

In rural areas: 1.022 (0.600, 1.610) 

NO2 9.0 ppb LBW In urban areas: 0.947 (0.905, 
0.991) 

In rural areas: 0.922 (0.100, 8.534) 

Moved during 
pregnancy 

9 Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

BW 20.1 (12.3, 28.0) 21.9 (17.0, 26.7) 

Urbanicity 22 Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

LBW In Census Metropolitan Areas 
(CMAs): 0.95 (0.93, 0.96) 
In Census Agglomeration 
Areas (CAAs): 0.92 (0.88, 
0.95) 

In areas with a moderate or strong 
metropolitan influence: 0.97 (0.92, 
1.00) 

Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

SGA In CMAs: 0.94 (0.93, 0.95) 
In CAAs: 0.92 (0.91, 0.94) 

In areas with a moderate or 
strong metropolitan influence: 
0.96 (0.94, 0.98) 

Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

BW In CMAs: 16.5 (15.4, 17.5) 
In CAAs: 19.8 g (17.6 g, 22.0 
g) 

In areas with a moderate or 
strong metropolitan influence: 
8.8 (5.9, 11.6) 
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Canadian 
region 

22 Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 
 

LBW In Ontario: 0.96 (0.93, 0.98) 
In Quebec: 0.97 (0.93, 1.01) 
In British Columbia (BC): 0.96 
(0.91, 1.01) 
In Alberta: 0.98 (0.92, 1.04) 

In the Maritimes (Newfoundland 
and Labrador, Prince Edward 
Island, Nova Scotia, New 
Brunswick): 0.95 (0.85, 1.06) 
In the Prairies (Manitoba and 
Saskatchewan): 0.86 (0.78, 0.96) 

Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 
 

SGA In Ontario: 0.96 (0.95, 0.98) 
In Quebec: 0.94 (0.92, 0.95) 
In BC: 0.95 (0.93, 0.98) 
In Alberta: 0.96 (0.94, 0.98) 

In the Maritimes: 0.96 (0.91, 1.01) 
In the Prairies: 0.94 (0.90, 0.98) 

Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

BW In Ontario: 10.6 g (8.9 g, 12.3 
g) 
In Quebec: 10.6 g (8.4 g, 12.8 
g) 
In BC: 16.5 (13.5, 19.5) 
In Alberta: 11.3 (7.9, 14.7) 

In the Maritimes: 12.3 (6.1, 19.2) 
In the Prairies: 24.1 (18.2, 30.0) 

% of 
individuals at 
least 15 years 
old in the 
lowest 
income 
quintile 

21 PM2.5 10 μg/m3 SGA 3rd tertile (>20.18% in the 

lowest income quintile): 0.98 
(0.92, 1.03) 

1st tertile (≤9.25% in the lowest 

income quintile): 1.02 (0.97, 1.08) 
2nd tertile (9.26-20.18% in the 
lowest income quintile: 1.03 (0.97, 
1.08) 

PM2.5 10 μg/m3 LBW 3rd tertile: 1.00 (0.89, 1.12) 1st tertile: 1.00 (0.88, 1.13) 
2nd tertile: 0.92 (0.82, 1.04) 

PM2.5 10 μg/m3 BW 3rd tertile: -9.4 (-17.8, -1.1) 1st tertile: -17.8 (-24.2, -11.5) 
2nd tertile: -12.6 (-19.2, -6.1) 

20 NO2 11.5 ppb LBW 3rd tertile (>20.18% in the 

lowest income quintile): 0.98 
(0.95, 1.01) 

1st tertile (≤9.25% in the lowest 

income quintile): 1.04 (0.99, 1.09) 
2nd tertile (9.26-20.18% in the 
lowest income quintile): 1.04 (1.00, 
1.08) 

NO2 11.5 ppb SGA 3rd tertile: 0.99 (0.97, 1.00) 1st tertile: 1.05 (1.03, 1.08) 
2nd tertile: 1.02 (1.01, 1.04) 

NO2 11.5 ppb BW 3rd tertile: -1.9 (-4.4, 0.6) 1st tertile: -14.2 (-16.9, -11.4) 
2nd tertile: -6.8 (-9.2, -4.5) 
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22 Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

LBW 3rd tertile (>20.18% in the 

lowest income quintile): 0.98 
(0.96, 1.01) 

1st tertile (≤9.25% in the lowest 

income quintile): 0.94 (0.91, 
0.97) 
2nd tertile (9.26-20.18% in the 
lowest income quintile): 0.94 
(0.91, 0.97) 

Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

SGA 3rd tertile: 0.98 (0.97, 0.99) 1st tertile: 0.94 (0.92, 0.95) 
2nd tertile: 0.93 (0.92, 0.94) 

Greenness 
(NDVI) 

0.16 unit 
(IQR) 
increase for 
a 250 m 
buffer 

BW 3rd tertile: 12.0 (10.2, 13.8) 1st tertile: 14.9 g (13.1 g, 16.7 g) 
2nd tertile: 17.9 (16.1, 19.7) 

Disseminatio
n area 
income 
quintile 

9 Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

BW 3rd quintile: 14.0 g (1.5, 26.5) 
2nd quintile: 26.0 g (13.9, 38.1) 
1st quintile (lowest income): 
14.8 (2.0, 27.7) 

5th quintile (highest income): 
32.4 g (20.3 g, 44.5 g) 
4th quintile: 16.1 g (4.3, 27.8) 

Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

SGA 3rd quintile: 0.95 (0.86, 1.04) 
2nd quintile: 0.94 (0.86, 1.03) 
1st quintile: 1.03 (0.94, 1.13) 

5th quintile: 0.90 (0.82, 1.00) 
4th quintile: 0.90 (0.81, 0.99) 

Disseminatio
n area 
education 
quartile 

9 Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

SGA 2nd quartile: 0.97 (0.89, 1.06) 
1st quartile (least education): 
0.93 (0.85, 1.02) 

4th quartile (most education): 
0.88 (0.81, 0.95) 
3rd quartile: 1.02 (0.95, 1.10) 

Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

BW 2nd quartile: 13.7 (1.8, 25.5) 
1st quartile: 35.6 (22.5, 48.7) 

4th quartile: 24.7 (15.0, 34.5) 
3rd quartile: 13.5 (3.3, 23.6) 

% of visible 
minorities 

20 NO2 11.5 ppb LBW 3rd tertile (greater than 16.13%): 
1.01 (0.98, 1.05) 

1st tertile (less than or equal to 
2.04%): 1.05 (0.99, 1.12) 
2nd tertile (2.05-16.13%): 1.01 
(0.96, 1.05) 

NO2 11.5 ppb SGA 3rd tertile: 1.02 (1.00, 1.03) 1st tertile: 1.07 (1.04, 1.10) 
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2nd tertile: 1.05 (1.03, 1.07) 

NO2 11.5 ppb BW 3rd tertile: -10.6 (-13.3, -7.9) 1st tertile: -16.8 (-20.7, -12.9) 
2nd tertile: -19.0 (-21.4, -16.6) 

% Chinese 
ethnicity in 
the 
disseminatio
n area 

9 Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

SGA 3rd quartile: 0.91 (0.83, 0.99) 
4th quartile (most percentage): 
1.04 (0.96, 1.13) 

1st quartile (least percentage): 0.98 
(0.90, 1.06) 
2nd quartile: 0.92 (0.85, 1.00) 

Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

BW 3rd quartile: 16.5 g (5.3 g, 27.6 
g) 
4th quartile: 12.3 g (1.0 g, 23.6 
g) 

1st quartile: 20.7 (9.7, 31.8) 
2nd quartile: 17.3 (6.7, 27.9) 

% South 
Asian 
ethnicity in 
the 
disseminatio
n area 

9 Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

SGA 3rd quartile: 0.99 (0.91, 1.07) 
4th quartile (most percentage): 
0.93 (0.86, 1.02) 

1st quartile (least percentage): 0.98 
(0.90, 1.06) 
2nd quartile: 0.94 (0.87, 1.03) 

Greenness 
(NDVI) 

0.1 unit (IQR) 
increase for 
a 100 m 
buffer 

BW 3rd quartile: 17.0 g (6.4 g, 27.6 
g) 
4th quartile: 24.8 g (12.3 g, 
37.3 g) 

1st quartile): 13.3 (3.1, 23.6) 
2nd quartile: 17.5 g (6.5 g, 28.5 g) 

Time period 21 PM2.5 10 μg/m3 LBW 1999-2003: 0.89 (0.80, 1.00) 2004-2008: 1.09 (0.99, 1.19) 

PM2.5 10 μg/m3 SGA 1999-2003: 1.03 (0.98, 1.08) 2004-2008: 1.05 (1.01, 1.10) 

PM2.5 10 μg/m3 BW 1999-2003: -12.5 (-18.6, -6.4) 2004-2008: -28.7 (-34.0, -23.4) 

LBW = low birth weight, BW = birth weight in grams, SGA = small-for-gestational-age. 
Factors based on stratifications performed by individual study authors. 
Bolded associations were significant based on the 95% CI. 
Associations reported based on fully adjusted models. 
Associations reported based on whole pregnancy (cohort studies) or entire exposure duration (cross-sectional studies) unless otherwise specified. 
Associations reported based on whole study area unless otherwise specified.
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Table 2.7: Association Between Maternal Exposure to PM2.5 and Birth Outcomes 

 Birth Weight Low Birth Weight Small-for-gestational-age 

Positive (2 

studies for birth 
weight, 8 studies 
for low birth weight, 
and 11 studies for 
small-for-
gestational age) 

• 2nd trimester: 0.83 g (-3.69 g, 
5.40 g) per 2.6μg/m3 27 

• 3rd trimester: 6.57 g (-2.19 g, 
13.01 g) per 2.6μg/m3 27 

• 5.47 g (-1.48 g, 12.31 g) per 
2.6μg/m3 27 

• PM2.5 modeled as a 
quadratic: 3.4 g (1.5 g, 5.3 g), 
increment not provided23 

• OR (95% CI): 1.19 (1.07, 
1.32), increment not 
provided18 

• 1st trimester: OR (95% CI): 
1.06 (0.97, 1.15) per 2.6μg/m3 
27 

• Spearman’s rank correlation 
(rho): 0.1119 

• OR (95% CI): 1.01 (0.94, 1.08) 
per 10 μg/m3 21 

• Land-use regression: OR 
(95% CI): 1.02 (0.98, 1.06) per 
1 μg/m3 25 

• Inverse-distance weighting: 
OR (95% CI): 1.01 (0.85, 1.19) 
per 1 μg/m3 25 

• Land-use regression: OR 
(95% CI): 1.03 (0.99, 1.07) per 
1 μg/m3 26 

• British Columbia: logistic 
regression coefficient (95% 
CI): 0.012 (-0.066, 0.091)31 

• Newfoundland: logistic 
regression coefficient (95% 
CI): 0.265 (-0.198, 0.728)31 

• Nova Scotia: logistic 
regression coefficient (95% 
CI): 0.089 (-0.139, 0.317)31 

• Nunavut: logistic regression 
coefficient (95% CI): 8.804 
(0.486, 17.121)31 

• Edmonton (OR not 
provided)32 

• Kingston (OR not provided)32 

• OR (95% CI): 1.22 (1.17, 
1.28), increment not 
provided18 

• Spearman’s rank correlation 
(rho): 0.1419 

• OR (95% CI): 1.01 (1.00, 
1.03) per 3.5 μg/m3 20 

• 2nd trimester: OR (95% CI): 
1.016 (1.012, 1.022) per 2.3 

𝛍𝐠/𝐦𝟑 29 

• OR (95% CI): 1.04 (1.01, 
1.07) per 10 μg/m3 21 

• Quebec: OR (95% CI): 1.03 
(0.97, 1.09) per 10 μg/m3 21 

• OR (95% CI): 1.01 (0.99, 
1.02) per 1 μg/m3 9 

• Land-use regression: OR 
(95% CI): 1.01 (0.99, 1.02) 
per 1 μg/m3 25 

• Inverse-distance 
weighting: OR (95% CI): 
1.08 (1.01, 1.14) per 1 

𝛍𝐠/𝐦𝟑 25 

• Inverse-distance weighting: 
OR (95% CI): 1.02 (0.98, 
1.05) per 1 μg/m3 26 

• Land-use regression: OR 
(95% CI): 1.02 (1.00, 1.03) 
per 1 μg/m3 26 
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• Ontario: logistic regression 
coefficient (95% CI): 0.046 
(0.01, 0.083)31 

• Yukon: logistic regression 
coefficient (95% CI): 3.771 (-
0.078, 7.619)31 

• OR (95% CI): 1.05 (1.03, 1.07) 

per 3.3 𝛍𝐠/𝐦𝟑 22 

• Newfoundland: logistic 
regression coefficient (95% 
CI): 0.127 (-0.092, 0.346)31 

• Northwest Territories: logistic 
regression coefficient (95% 
CI): 1.481 (-1.99, 4.952)31 

• Nunavut: logistic regression 
coefficient (95% CI): 2.98 (-
1.635, 7.595)31 

• Ontario: logistic 
regression coefficient (95% 
CI): 0.036 (0.019, 0.053)31 

• Yukon: logistic regression 
coefficient (95% CI): 1.546 (-
0.838, 3.93)31 

• OR (95% CI): 1.06 (1.05, 

1.06) per 3.3 𝛍𝐠/𝐦𝟑 22 

Negative (9 

studies for birth 
weight, 6 studies 
for low birth weight, 
and 5 studies for 
small-for-
gestational-age) 

• 1st trimester: -0.90 g (-5.62 g, 
3.90 g) per 2.6μg/m3 27 

• PM2.5 modeled linearly: -26.3 
g (-29.6 g, -23.0 g), 
increment not provided23 

• -7.4 g (-8.9 g, -5.9 g) per 3.5 

𝛍𝐠/𝐦𝟑 20  

• 2-pollutant model with NO2: -
4.0 g (-5.6 g, -2.4 g) per 3.5 

𝛍𝐠/𝐦𝟑 20  

• PM2.5 modeled linearly: -23.9 
g (95% CI: -26.5 g, -21.3 g) 
(increment not provided)24 

• PM2.5 modeled as a 
quadratic: -22.4 g (95% CI: -
25.2 g, -19.7 g) (increment 
not provided)24 

• -20.5 g (95% CI: -24.7 g, -16.4 

g) per 10 𝛍𝐠/𝐦𝟑 21 

• 2nd trimester: OR (95% CI): 
0.95 (0.89, 1.01) per 2.6μg/m3 
27 

• 3rd trimester: OR (95% CI): 
0.97 (0.91, 1.03) per 2.6μg/m3 
27 

• OR (95% CI): 0.95 (0.83, 1.09) 
per 2.6 μg/m3 27 

• OR (95% CI): 0.960 (0.929, 

0.992) per 2.0 𝛍𝐠/𝐦𝟑 29 

• 2nd trimester: OR (95% CI): 
0.974 (0.947, 1.002) per 2.3 
μg/m3 29 

• 3rd trimester: OR (95% CI): 
0.979 (0.965, 0.994) per 2.4 

𝛍𝐠/𝐦𝟑 29 

• 24 cities: OR (95% CI): 0.98 
(0.87, 1.10) per 10 μg/m3 21 

• RefID 198: Calgary (OR not 
provided)32 

• RefID 198: Hamilton (OR not 
provided)32 

• RefID 198: Montreal (OR 
not provided)32 

• RefID 198: Quebec City (OR 
not provided)32 

• RefID 198: Saint John (OR 
not provided)32 

• RefID 198: Winnipeg (OR not 
provided)32 

• OR (95% CI): 0.960 (0.947, 

0.974) per 2.0 𝛍𝐠/𝐦𝟑 29 

• 3rd trimester: OR (95% CI): 
0.984 (0.978, 0.991) per 2.4 

𝛍𝐠/𝐦𝟑 29 

• 24 cities: OR (95% CI): 0.99 
(0.93, 1.04) per 10 μg/m3 21 
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• 24 cities: -20.2 g (95% CI: -

27.7 g, -12.6 g) per 10 𝛍𝐠/𝐦𝟑 
21 

• Quebec: -16.1 g (95% CI: -

26.5 g, -5.7 g) per 10 𝛍𝐠/𝐦𝟑 
21 

• -3.1 g (95% CI: -5.1 g, -1.1 g) 

per 1 𝛍𝐠/𝐦𝟑 9 

• Land-use regression: -3.1 g 
(95% CI): -5.1 g, -1.1 g) per 1 

𝛍𝐠/𝐦𝟑 25 

• Inverse-distance weighting: 
-13.8 g (95% CI: -21.9 g, -5.7 

g) per 1 𝛍𝐠/𝐦𝟑 25 

• -9.5 g (95% CI: -10.6 g, -8.5 

g) per 3.3 𝛍𝐠/𝐦𝟑 22 

• Pre-pregnancy (-90 to -75 
days): -4 g (95% credible 
interval: -8 g, 0 g) per 1 μg/m3 
28 

• Mid-pregnancy (91 to 139 
days): -6 g (95% credible 
interval: -11 g, -1 g) per 1 
𝛍𝐠/𝐦𝟑 28 

• Late-pregnancy (249 to 272 
days): -5 g (95% credible 
interval: -10 g, -0.1 g) per 1 
𝛍𝐠/𝐦𝟑 28 

• Pre-pregnancy (-90 to 0 days): 
-3 g (95% credible interval: -8 
g, 2 g) per 1 μg/m3 28 

• 1st trimester (1 to 91 days): -5 
g (95% credible interval: -11 g, 
1 g) per 1 μg/m3 28 

• 2nd trimester (92 to 182 
days): -7 g (95% credible 

• Quebec: OR (95% CI): 0.98 
(0.86, 1.12) per 10 μg/m3 21 

• OR (95% CI): 0.93 (0.63, 1.38) 
(increment not reported – 2nd 
quartile of PM2.5 compared to 
1st quartile)30 

• OR (95% CI): 0.99 (0.68, 1.45) 
(increment not reported – 3rd 
quartile of PM2.5 compared to 
1st quartile)30 

• OR (95% CI): 0.85 (0.56, 1.26) 
(increment not reported – 4th 
quartile of PM2.5 compared to 
1st quartile)30 

• OR (95% CI): 0.96 (0.83, 1.11) 
per IQR (IQR not reported)30 

• Inverse-distance weighting: 
OR (95% CI): 0.98 (0.92, 1.05) 
per 1 μg/m3 26 

• Alberta: logistic regression 
coefficient (95% CI): -0.023 (-
0.062, 0.015)31 

• Manitoba: logistic 
regression coefficient (95% 
CI): -0.552 (-1.011, -0.094)31 

• New Brunswick: logistic 
regression coefficient (95% 
CI): -0.382 (-0.973, 0.208)31 

• Northwest Territories: logistic 
regression coefficient (95% 
CI): -3.381 (-12.276, 5.515)31 

• PEI: logistic regression 
coefficient (95% CI): -0.715 (-
2.756, 1.326)31 

• Quebec: logistic regression 
coefficient (95% CI): -0.009 (-
0.059, 0.041)31 

• OR (95% CI): 0.98 (0.68, 
1.40) (increment not reported 
– 2nd quartile of PM2.5 
compared to 1st quartile)30 

• OR (95% CI): 0.92 (0.64, 
1.33) (increment not reported 
– 3rd quartile of PM2.5 
compared to 1st quartile)30 

• OR (95% CI): 0.98 (0.68, 
1.42) (increment not reported 
– 4th quartile of PM2.5 
compared to 1st quartile)30 

• Alberta: logistic regression 
coefficient (95% CI): -0.029 
(-0.046, - 0.012)31 

• British Columbia: logistic 
regression coefficient (95% 
CI): -0.003 (-0.037, 0.031)31 

• Manitoba: logistic 
regression coefficient (95% 
CI): -0.239 (-0.397, -0.081)31 

• New Brunswick: logistic 
regression coefficient (95% 
CI): -0.111 (-0.328, 0.106)31 

• Nova Scotia: logistic 
regression coefficient (95% 
CI): -0.042 (-0.154, 0.07)31 

• PEI: logistic regression 
coefficient (95% CI): -1.494 
(-2.628, -0.359)31 

• Quebec: logistic regression 
coefficient (95% CI): -0.018 
(-0.04, 0.004)31 

• Saskatchewan: logistic 
regression coefficient (95% 
CI): -0.032 (-0.193, 0.13)31 
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interval: -12 g, -1 g) per 1 

𝛍𝐠/𝐦𝟑 28 

• 3rd trimester (183 to 272 days): 
-5 g (95% credible interval: -10 
g, 1 g) per 1 μg/m3 28 

• -6 g (95% credible interval: -12 
g, 0 g) per 1 μg/m3 28 

• Pre-pregnancy and whole 
pregnancy (-90 to 272 days): -
5 g (95% credible interval: -11 
g, 0 g) per 1 μg/m3 28 

• Saskatchewan: logistic 
regression coefficient (95% 
CI): -0.113 (-0.509, 0.283)31 

No Association 
(0 studies for birth 
weight, 1 study for 
low birth weight, 
and 2 studies for 
small-for-
gestational age) 

 • OR (95% CI): 1.00 (0.98, 1.03) 
per 3.5 μg/m3 20  

• 2-pollutant model with NO2: 
OR (95% CI): 1.00 (0.97, 1.02) 
per 3.5 μg/m3 20  

• 2-pollutant model with NO2: 
OR (95% CI): 1.00 (0.99, 
1.02) per 3.5 μg/m3 20  

• OR (95% CI): 1.00 (0.88, 
1.15) per IQR (IQR not 
reported)30 

9 studies examined birth weight9,20–25,27,28, 11 studies examined low birth weight18–22,25–27,29–31, and 12 studies examined small-for-gestational-
age9,18–22,25,26,29–32. 
Bolded associations were significant based on the 95% CI. 
Associations reported based on fully adjusted models. 
Associations reported based on whole pregnancy (cohort studies) or entire exposure duration (cross-sectional studies) unless otherwise specified. 
Associations reported based on whole study area unless otherwise specified.
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Table 2.8: Association Between Maternal Exposure to NO2 and Birth Outcomes 

 Birth Weight Low Birth Weight Small-for-gestational-age 

Positive (0 studies for 

birth weight, 5 studies for 
low birth weight, and 5 
studies for small for 
gestational age) 

 • 2-pollutant model with PM2.5: 
OR (95% CI): 1.02 (0.99, 
1.04) per 11.5 ppb20 

• OR (95% CI): 1.02 (0.83, 
1.26) per IQR (IQR not 
reported)30 

• Inverse-distance weighting: 
OR (95% CI): 1.08 (0.97, 
1.21) per 10 μg/m3 25 

• Inverse-distance 
weighting: OR (95% CI): 
1.11 (1.01, 1.23) per 10 

𝛍𝐠/𝐦𝟑 26 

• OR (95% CI): 1.06 (1.04, 
1.08) per 10.3 ppb22 

• OR (95% CI): 1.06 (1.00, 
1.12) per 11.5 ppb20 

• 2-pollutant model with 
PM2.5: OR (95% CI): 1.02 
(1.01, 1.03) per 11.5 ppb20  

• OR (95% CI): 1.01 (0.70, 
1.45) (increment not 
reported – 2nd quartile of 
NO2 compared to 1st 
quartile)30 

• OR (95% CI): 1.01 (0.70, 
1.46) (increment not 
reported – 3rd quartile of 
NO2 compared to 1st 
quartile)30 

• Inverse-distance 
weighting: OR (95% CI): 
1.10 (1.06, 1.15) per 10 

𝛍𝐠/𝐦𝟑 25 

• Inverse-distance 
weighting: OR (95% CI): 
1.14 (1.09, 1.18) per 10 

𝛍𝐠/𝐦𝟑 26 

• OR (95% CI): 1.09 (1.08, 
1.10) per 10.3 ppb22 

Negative (5 studies for 

birth weight, 6 studies for 
low birth weight, and 6 
studies for small-for-
gestational-age) 

• -18.2 g (95% CI: -24.9 g, -
11.6 g) per 11.5 ppb20  

• 2-pollutant model with 
PM2.5: -7.7 g (-9.4 g, -6.1 
g) per 11.5 ppb20 

• -5.2 g (95% CI: -9.1 g, -1.4 

g) per 10 𝛍𝐠/𝐦𝟑 9 

• Spearman’s rank correlation 
(rho): -0.1919 

• OR (95% CI): 0.989 (0.987, 
0.990) per 9.0 ppb29 

• 2nd trimester: OR (95% CI): 
0.956 (0.922, 1.000) per 10.0 
ppb29 

• Spearman’s rank 
correlation (rho): -0.1319 

• OR (95% CI): 0.982 (0.980, 
0.985) per 9.0 ppb29 

• 2nd trimester: OR (95% 
CI): 0.897 (0.881, 0.914) 
per 10.0 ppb29 
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• Land-use regression: -5.2 
g (95% CI: -9.1 g, -1.4 g) 

per 10 𝛍𝐠/𝐦𝟑 25 

• Inverse-distance 
weighting: -34.5 g (-39.8 

g, -29.3 g) per 10 𝛍𝐠/𝐦𝟑 25 

• -15.6 g (95% CI: -16.7 g, -
14.5 g) per 10.3 ppb22 

• Mid-pregnancy (55 to 145 
days): -3 g (95% credible 
interval: -5 g, -1 g) per 1 
ppb28 

• Pre-pregnancy (-90 days to 
0 days): -2 g (95% credible 
interval: -4 g, 0 g) per 1 
ppb28 

• 1st trimester (1 to 91 
days): -2 g (95% credible 
interval: -4 g, -0.1 g) per 1 
ppb28 

• 2nd trimester (92 to 182 
days): -3 g (95% credible 
interval: -5 g, 1 g) per 1 
ppb28 

• 3rd trimester (183 to 272 
days): -3 g (95% credible 
interval: -5 g, 1 g) per 1 
ppb28 

• -3 g (95% credible 
interval: -5 g, -1 g) per 1 
ppb28 

• Pre-pregnancy and whole 
pregnancy (-90 to 272 
days): -3 g (95% credible 
interval: -5 g, -1 g) per 1 
ppb28 

• 3rd trimester: OR (95% CI): 
0.922 (0.881, 0.956) per 9.0 
ppb29 

• OR (95% CI): 0.74 (0.49, 
1.12) (increment not reported 
– 2nd quartile of NO2 
compared to 1st quartile)30 

• OR (95% CI): 0.80 (0.53, 
1.19) (increment not reported 
– 3rd quartile of NO2 
compared to 1st quartile)30 

• Land-use regression: OR 
(95% CI): 0.97 (0.89, 1.05) 
per 10 μg/m3 25 

• Land-use regression: OR 
(95% CI): 0.97 (0.89, 1.05) 
per 10 μg/m3 26 

• 1st month of pregnancy: OR 
(95% CI): 0.98 (0.90, 1.07) 
per 10.0 ppb33 

• Last month of pregnancy: 
OR (95% CI): 0.94 (0.85, 
1.04) per 10.0 ppb33 

• 3rd trimester: OR (95%) 
CI): 0.881 (0.865, 0.897) 
per 9.0 ppb29 

• OR (95% CI): 0.87 (0.59, 
1.28) (increment not 
reported – 4th quartile of 
NO2 compared to 1st 
quartile)30 

• OR (95% CI): 0.97 (0.80, 
1.19) per IQR (IQR not 
reported)30 

• OR (95% CI): 0.98 (0.96, 
1.01) per 10 μg/m3 9 

• Land-use regression: OR 
(95% CI): 0.98 (0.96, 1.01) 
per 10 μg/m3 25 

• Land-use regression: OR 
(95% CI): 0.99 (0.96, 1.02) 
per 10 μg/m3 26 
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No Association (0 

studies for birth weight, 2 
studies for low birth 
weight, and 0 studies for 
small-for-gestational-age) 

 • OR (95% CI): 1.00 (0.88, 
1.15) per 11.5 ppb20 

• OR (95% CI): 1.00 (0.67, 
1.48) (increment not reported 
– 4th quartile of NO2 
compared to 1st quartile)30 

 

5 studies examined birth weight9,20,22,25,28, 8 studies examined low birth weight19,20,22,25,26,29,30,33, and 8 studies examined small for gestational 
age9,19,20,22,25,26,29,30 . 
Bolded associations were significant based on the 95% CI. 
Associations reported based on fully adjusted models. 
Associations reported based on whole pregnancy (cohort studies) or entire exposure duration (cross-sectional studies) unless otherwise specified. 
Associations reported based on whole study area unless otherwise specified.
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Table 2.9: Association Between Maternal Exposure to Greenness and Birth Outcomes 

 Birth Weight Low Birth Weight Small-for-gestational-age 

Positive (3 studies for 

birth weight, 0 study for 
low birth weight, 0 
studies for small-for-
gestational-age) 

• 29.3 g (95% CI: -1.2 g, 59.8 g) 
per IQR (0.1 unit) increase in 
NDVI for a 500 m buffer34 

• Vancouver and Toronto: 60.2 
g (95% CI: 18.6 g, 101.8 g) per 
IQR (0.1 unit) increase in NDVI 
for a 500 m buffer34 

• 19.5 g (95% CI: 14.1 g, 24.9 g) 
per 0.1 unit (IQR) increase in 
NDVI for a 100 m buffer9 

• 16.5 g (95% CI: 15.4 g, 17.5 g) 
per 0.16 unit (IQR) increase in 
NDVI for a 250 m buffer22 

  

Negative (0 studies for 

birth weight, 3 studies for 
low birth weight, and 3 
studies for small-for-
gestational-age) 

 • OR: 0.264 (no 95% CI 
reported) for a 1,600 m 
buffer, no increment 
reported35 

• Spearman’s rank 
correlation (rho): -0.4819 

• OR (95% CI): 0.95 (0.93, 
0.96) per 0.16 unit (IQR) 
increase in NDVI for a 
250 m buffer22 

• Spearman’s rank 
correlation (rho): -0.5619 

• OR (95% CI): 0.95 (0.91, 
0.99) per 0.1 unit (IQR) 
increase in NDVI for a 
100 m buffer9 

• OR (95% CI): 0.94 (0.93, 
0.95) per 0.16 unit (IQR) 
increase in NDVI for a 
250 m buffer22 

No Association (0 

studies for birth weight, 
low birth weight, and 
small-for-gestational-age) 

   

3 studies examined birth weight9,22,34, 3 studies examined low birth weight19,22,35, and 3 studies examined small for gestational age9,19,22. 
Bolded associations were significant based on the 95% CI. 
Associations reported based on fully adjusted models. 
Associations reported based on whole pregnancy (cohort studies) or entire exposure duration (cross-sectional studies) unless otherwise specified. 
Associations reported based on whole study area unless otherwise specified.
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2.10  Figures 

Figure 2.1: Flowchart of Scoping Review Screening Process based on the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses Extension 
for Scoping Reviews (PRISMA-ScR) Guidelines 

 

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-

Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 

 
For more information, visit www.prisma-statement.org. 
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 Additional records 
identified in the follow-up 
search (January 2, 2022) 

N = 15 

Records after duplicates removed 
N = 3834 

Records screened 
N = 3834 

Records excluded: 
N = 3438 

Full-text articles 
assessed for eligibility 

N = 396 

Full-text articles excluded, with reasons: 
N = 377 

187 not conducted in Canada 
18 did not describe a primary study 

7 did not examine outcomes of interest 
1 exclusively examined preterm births 

42 did not examine exposures of interest 
6 unable to be obtained 

116 combination of above reasons 
 

Studies included in 
qualitative synthesis 

N = 19 

Studies included in 
quantitative and 

qualitative synthesis 
N = 19 

Additional records identified 
through hand-searching 

N = 3 
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2.11  Appendices 

Appendix 2.1: Preferred Reporting Items for Systematic Reviews and Meta-
Analyses Extension for Scoping Reviews (PRISMA-ScR) Checklist13 
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Appendix 2.2: Scoping Review Protocol 

Purpose and Objectives 

• Determine the range of literature that is available in order to inform future 
research and/or policy 

• Identify knowledge gaps 
o Although there have been many reviews on PM2.5, NO2, and greenness 

and adverse birth outcomes, none have been focused on Canadian 
studies 

▪ Important to focus on Canadian studies to inform future research 
and/or policy in Canada 

▪ Different countries or regions have different regulations when it 
comes to air pollutants and urban planning – exposures differ 
across different geographic areas 

• Scoping reviews can be used to determine whether there is enough 
literature/evidence to conduct a systematic review or whether there needs to be 
more primary research 

Research Question 

• What does the current body of literature tell us about the relationship between 
maternal exposure to air pollution (PM2.5 and NO2) and greenness and birth 
outcomes (birth weight, low birth weight, and small-for-gestational-age) in 
Canada? 

• Refer to PECO(S), mentioned in the “Inclusion Criteria” section 

Search Strategy 

• Look through the reference lists of previously published systematic reviews and 
meta-analyses to check if the search string had included all relevant papers in 
this scoping review 

• Including environmental science databases, not only health databases – will 
reduce bias 

• Databases to include: MEDLINE (via Ovid), Agricultural and Environmental 
Science Collection (via ProQuest), Web of Science Core Collection, CAB Direct, 
ScienceDirect, CINAHL Plus with Full Text (via EBSCOhost)  

• Can examine gray literature: conference abstracts, theses and dissertations 
o Agricultural and Environmental Science Collection includes theses, 

dissertations, and reports 
o medRxiv is a preprint server that can be searched 
o Conference abstracts, theses, dissertations, and reports can be included 

in the search results 

Inclusion Criteria 

• Population: pregnant women and their newborns in Canada 
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• Exposure: air quality (PM 2.5 and NO2) and greenness 

• Comparator: areas in which there is better air quality (less PM2.5 and NO2) and/or 
less greenness 

• Outcome: low birth weight (categorical, birth weight of less than 2,500 g), birth 
weight (continuous, in grams), small-for-gestational-age (categorical), 
birthweight-for-gestational-age (continuous), birthweight z-score (continuous) 

• (S)tudy designs: cohort, case-control, cross-sectional, time-series, case-
crossover, panel, ecological, pooled analyses, and randomized controlled trials 

• Languages are restricted to English and French 
o Since the geographic area of our scoping review is limited to North 

America, there shouldn’t be much bias due to this restriction as studies 
that are not in English most likely were not conducted in Canada 

• Studies that were conducted in Canada 
o Justification:  

▪ We are interested in the relationship between environmental 
exposures and birth weight in a Canadian context 

▪ Air pollution exposures differ across the world and adverse birth 
outcomes have not been reviewed with a focus specifically on 
Canada 

Exclusion Criteria 

• Studies that predominantly focused on teen pregnancies 
o Pregnant women under the age of 18 may be at higher risk of adverse 

birth outcomes 

• Studies that only examined multiples (i.e., twin studies) 

• Studies that examined NOx and did not differentiate between NOx, NO or NO2 

• Studies that did not mention PM2.5 or NO2 specifically, even if PM2.5 may have 
been a constituent of the exposure (e.g., wood smoke exposure) or if the 
exposure was a constituent of PM2.5 (e.g., if the authors had examined black 
carbon) 

• Studies that only examined pollutant clusters/mixtures with combinations of 
pollutants outside of only PM2.5 and NO2 

• Studies that only examined preterm births and did not examine full-term births 
will be excluded  

o Rule out preterm births which is associated with birth weight (confounding 
variable) 

• Studies that examined birth weight or low birth weight only as an effect modifier 
and not as a main outcome 

• Studies that did not examine the relationship between PM2.5, NO2 or greenness 
with low birth weight or birth weight as a continuous variable directly 

o E.g., if a study examined the association between PM2.5 and 
socioeconomic status, as well as the association between socioeconomic 
status and low birth weight, but did not examine the association between 
PM2.5 and low birth weight directly 
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o E.g., if a study examined the association between PM2.5 and gene 
expression, as well as the association between gene expression and birth 
weight, but did not examine the association between PM2.5 and birth 
weight directly 

• Texts that were study proposals or protocols 

• Simulated studies (i.e., statistical analyses based on simulated scenarios or 
populations) 

Relevance Screening 

• Two independent reviewers 

• Determine inter-rater agreement at each stage (i.e., title/abstract and full-text 
screening) 

• Conflicts were resolved by consensus among the two reviewers 

Data Extraction 

• Two reviewers 

• One reviewer will extract data from all included studies and the other reviewer 
will verify them to determine agreement 

• Conflicts will be resolved by consensus among the two reviewers 

Aspects to Include 

• The data extraction form will include free-floating questions (questions with 
answers that remain constant throughout the primary study), as well as questions 
in a table with multiple rows (for questions that have multiple answers – e.g., 
multiple effect measures reported)
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Appendix 2.3: Search Strategy 

MEDLINE (Database) via Ovid (Interface) 

• Selected “All Ovid MEDLINEI” to be equivalent to PubMed 

• Select “Map Term to Subject Heading” for MeSH terms 

• Not recommended to use “Focus” for a scoping review, unless there are 
thousands of hits 

• “Explode” will look up the MeSH term and all headings under the general term 

• Use .tw (title/abstract) to avoid random findings in the full text 

• Use both MeSH terms and search terms using “OR” 
 
Initial Search (July 22, 2021) 

Exposure 

1. (greenness OR NDVI OR “vegetation index” OR “green space” OR “green 
spaces” OR greenspace OR “natural environment” OR “natural environments”.tw 
– 15,980 results as of July 22 

2. (“air pollution” OR “air pollutant” OR “air pollutants” OR “airborne pollutant” OR 
“airborne pollutants” OR “air quality” OR “PM2.5” OR “PM 2.5” OR “particulate 
matter” OR “NO2” OR “nitrogen dioxide” OR “vehicle emission” OR “vehicle 
emissions” OR “traffic-related pollution” OR “traffic-related air pollution” or “traffic-
affiliated air pollution”).tw OR exp Air Pollution/ OR exp Air Pollutants/ OR exp 
Particulate Matter/ OR Nitrogen Dioxide/ OR Vehicle Emissions/ OR traffic-
related pollution/ - 188,631 results as of July 22 

3. (“Built environment” OR “built environments” OR exposome* OR “urban 
environment” OR “urban atmospheric environment” OR “urban environmental” 
OR “environmental exposure” OR “environmental exposures” OR “environmental 
health”).tw OR Urban Health/ OR Built Environment/ OR environmental 
exposure/ OR environmental monitoring/ OR exposome/ OR inhalation exposure/ 
OR Environmental Pollutants/ OR environmental pollution/ OR Environmental 
Health/ - 283,937 results as of July 22  

Outcome 

4. Birth Weight/ OR exp Infant, Low Birth Weight/ OR (“birth weight” OR low-birth-
weight* OR birth-weight* OR small-for-gestational-age OR “birth size” OR “size at 
birth”).tw – 103,299 results as of July 22 

Population 

5. (maternal OR mother* OR bab* OR infant* OR fet* OR pregnan* OR gestation* 
OR birth* OR perinatal OR parturition).tw OR Maternal Health/ OR maternal 
exposure/ OR Maternal Welfare/ OR Mothers/ OR Infant, Newborn/ OR 
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Pregnancy/ OR Parturition/ OR Labor, Obstetric/ OR Term Birth/ - 2,082,054 
results as of July 22 

Final Result (July 22, 2021) 

6. 1 OR 2 OR 3 – 428,938 results as of July 22 
7. 4 AND 5 AND 6 – 2,449 results as of July 22 

 
Follow-up Search (Jan. 2, 2022) 

• Same search string as above with geographic restrictions (search string #7 and 
geographic restrictions combined with the AND operator) 

o (Canad* OR “British Columbia” OR Alberta OR Saskatchewan OR 
Manitoba OR Ontario OR Quebec OR “New Brunswick” OR 
Newfoundland OR “Nova Scotia” OR “Prince Edward Island” OR PEI OR 
Yukon OR “Northwest Territories” OR Nunavut).tw – 66 results as of Jan. 
2, 2022 

• Filtered by studies published in 2021 or later – 4 results as of Jan. 2, 2022 (1 
new) 

Agricultural and Environmental Science Collection (Database) via ProQuest 
(Interface) 

• “tiab” will search the title/abstract of papers for the search strings 

• Use “if” for keywords/identifiers 

Initial Search (July 22, 2021) 

Exposure 

1. tiab(greenness OR NDVI OR “vegetation index” OR “green space” OR “green 
spaces” OR greenspace OR “natural environment” OR “natural environments”) 
OR if(“NDVI”) OR if(“green space”) OR if(“greenspace”) OR if(“greenness”) – 
56,197 results as of July 22 

2. tiab(“air pollution” OR “air pollutant” OR “air pollutants” OR “airborne pollutant” 
OR “airborne pollutants” OR “air quality” OR “PM2.5” OR “PM 2.5” OR 
“particulate matter” OR “NO2” OR “nitrogen dioxide” OR “vehicle emission” OR 
“vehicle emissions” OR “traffic-related pollution” OR “traffic-related air pollution” 
or “traffic-affiliated air pollution”) OR mesh(“Air Pollution”) OR mesh(“Air 
Pollutants”) OR mesh(“Particulate Matter”) OR mesh(“Nitrogen Dioxide”) OR 
mesh(“Vehicle Emissions”) OR mesh(“traffic-related pollution”) OR if(“PM2.5”) – 
279,113 results as of July 22 

3. tiab(“Built environment” OR “built environments” OR exposome* OR “urban 
environment” OR “urban atmospheric environment” OR “urban environmental” 
OR “environmental exposure” OR “environmental exposures” OR “environmental 
health”) OR mesh(“Urban Health”) OR mesh(“Built Environment”) OR 
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mesh(“environmental exposure”) OR mesh(“environmental monitoring”) OR 
mesh(“exposome”) OR mesh(“inhalation exposure”) OR mesh(“Environmental 
Pollutants”) OR mesh(“environmental pollution”) OR mesh(“Environmental 
Health”) OR mesh(“Environment and Public Health”) – 325,557 results as of July 
22 

Outcome 

4. mesh(“Birth Weight”) OR mesh(“Infant, Low Birth Weight”) OR mesh(“Infant, Very 
Low Birth Weight”) OR if(“birth weight”) OR tiab(“birth weight” OR low-birth-
weight* OR birth-weight* OR small-for-gestational-age OR “birth size” OR “size at 
birth”) – 35,742 results as of July 22 

Population 

5. tiab(maternal OR mother* OR bab* OR infant* OR fet* OR pregnan* OR 
gestation* OR birth* OR perinatal OR parturition) OR mesh(“Maternal Health”) 
OR mesh(“maternal exposure”) OR mesh(“Maternal Welfare”) OR 
mesh(“Mothers”) OR mesh(“Infant, Newborn”) OR mesh(“Pregnancy”) OR 
mesh(“Parturition”) OR mesh(“Labor, Obstetric”) OR mesh(“Term Birth”) OR 
mesh(“Maternal Exposure”) OR if(“pregnancy”) OR if(“birth cohort”) – 721,839 
results as of July 22 

Final Result 

6. 1 OR 2 OR 3 – 599,359 results as of July 22 
7. 4 AND 5 AND 6 – 2,552 results as of July 22 

Follow-up Search (Jan. 2, 2022) 

• Same search string as above with geographic restrictions (search string #7 and 
geographic restrictions combined with the AND operator) 

o tiab(Canad* OR “British Columbia” OR Alberta OR Saskatchewan OR 
Manitoba OR Ontario OR Quebec OR “New Brunswick” OR 
Newfoundland OR “Nova Scotia” OR “Prince Edward Island” OR PEI OR 
Yukon OR “Northwest Territories” OR Nunavut) – 90 results as of Jan. 2, 
2022 

• Filtered by studies published July 22, 2021 or later – 0 results as of Jan. 2, 2022 

Web of Science Core Collection (Database) 

• AK = Author Keywords 

• KP = Keyword Plus 

• Selecting “Topic” will search the title, abstract, author keywords, and keywords 
plus 

• TS = Topic 
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Initial Search (July 22, 2021) 

Exposure 

1. TS=(greenness OR NDVI OR “vegetation index” OR “green space” OR “green 
spaces” OR greenspace* OR “natural environment” OR “natural environments”) – 
66,512 results as of July 22 

2. ((TS=(“air pollution” OR “air pollutant” OR “air pollutants” OR “airborne pollutant” 
OR “airborne pollutants” OR “air quality” OR “PM2.5” OR “PM 2.5” OR 
“particulate matter” OR “NO2” OR “nitrogen dioxide” OR “vehicle emission” OR 
“vehicle emissions” OR “traffic-related pollution” OR “traffic-related air pollution” 
or “traffic-affiliated air pollution”)) OR KP=(air-pollution exposure)) OR 
KP=(nitrogen-dioxide) – 224,658 results as of July 22 

3. ((((((TS=(“Built environment” OR “built environments” OR exposome* OR “urban 
environment” OR “urban atmospheric environment” OR “urban environmental” 
OR “environmental exposure” OR “environmental exposures” OR “environmental 
health”)) OR KP=(urban health)) OR KP=(environmental monitoring)) OR 
KP=(environmental pollutants)) OR KP=(environmental pollution)) OR 
KP=(environment and public health)) OR AK=(environmental epidemiology) – 
80,051 results as of July 22 

Outcome 

4. ((TS=(“birth weight” OR low-birth-weight* OR birth-weight* OR small-for-
gestational-age OR “birth size” OR “size at birth”)) OR KP=(low birth weight)) OR 
AK=(low birth weight) – 97,496 results as of July 22 

Population 

5. ((((((TS=(maternal OR mother* OR bab* OR infant* OR fet* OR pregnan* OR 
gestation* OR birth* OR perinatal OR parturition)) OR KP=(maternal health)) OR 
KP=(maternal exposure)) OR KP=(newborn)) OR KP=(term birth)) OR KP=(birth 
cohort)) OR AK=(prenatal exposure) – 1,856,018 results as of July 22 

Final Result 

6. 1 OR 2 OR 3 – 358,308 results as of July 22 
7. 4 AND 5 AND 6 – 1,963 results as of July 22 

Follow-up Search (Jan. 2, 2022) 

• Unable to access website via University of Guelph library 

Follow-up Search (Jan. 29, 2022) 

• Same search string as above with geographic restrictions (search string #7 and 
geographic restrictions combined with the AND operator) 
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o TS=(Canad* OR “British Columbia” OR Alberta OR Saskatchewan OR 
Manitoba OR Ontario OR Quebec OR “New Brunswick” OR 
Newfoundland OR “Nova Scotia” OR “Prince Edward Island” OR PEI OR 
Yukon OR “Northwest Territories” OR Nunavut) – 61 results as of Jan. 2, 
2022 

• Looked for studies published 2021 or later –  3 results as of Jan. 29, 2022 (2 new 
from original search, but both had been found in a different database on Jan. 2, 
2022 already) 

CAB Direct (Interface) 

Initial Search (July 22, 2021) 

• ab = abstract 

Exposure 

1. title:(greenness OR NDVI OR “vegetation index” OR “green space” OR “green 
spaces” OR greenspace* OR “natural environment” OR “natural environments”) 
OR ab:(greenness OR NDVI OR “vegetation index” OR “green space” OR “green 
spaces” OR greenspace* OR “natural environment” OR “natural environments”) – 
39,519 results as of July 22 

2. title:(“air pollution” OR “air pollutant” OR “air pollutants” OR “airborne pollutant” 
OR “airborne pollutants” OR “air quality” OR “PM2.5” OR “PM 2.5” OR 
“particulate matter” OR “NO2” OR “nitrogen dioxide” OR “vehicle emission” OR 
“vehicle emissions” OR “traffic-related pollution” OR “traffic-related air pollution” 
or “traffic-affiliated air pollution”) OR ab“air pollution” OR “air pollutant” OR “air 
pollutants” OR “airborne pollutant” OR “airborne pollutants” OR “air quality” OR 
“PM2.5” OR “PM 2.5” OR “particulate matter” OR “NO2” OR “nitrogen dioxide” 
OR “vehicle emission” OR “vehicle emissions” OR “traffic-related pollution” OR 
“traffic-related air pollution” or “traffic-affiliated air pollution”) – 48,474 results as 
of July 22 

3. title:(“Built environment” OR “built environments” OR exposome* OR “urban 
environment” OR “urban atmospheric environment” OR “urban environmental” 
OR “environmental exposure” OR “environmental exposures” OR “environmental 
health”) OR ab:(Built environment” OR “built environments” OR exposome* OR 
“urban environment” OR “urban atmospheric environment” OR “urban 
environmental” OR “environmental exposure” OR “environmental exposures” OR 
“environmental health”) – 22,060 results as of July 22 

Outcome 

4. title:(“birth weight” OR low-birth-weight* OR birth-weight* OR small-for-
gestational-age OR “birth size” OR “size at birth”)) OR ab:(birth weight” OR low-
birth-weight* OR birth-weight* OR small-for-gestational-age OR “birth size” OR 
“size at birth”) – 40,194 results as of July 22 
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Population 

5. title:(maternal OR mother* OR bab* OR infant* OR fet* OR pregnan* OR 
gestation* OR birth* OR perinatal OR parturition) OR ab:(maternal OR mother* 
OR bab* OR infant* OR fet* OR pregnan* OR gestation* OR birth* OR perinatal 
OR parturition) – 576,004 results as of July 22 

Final Result 

6. 1 OR 2 OR 3 – 106,705 results as of July 22 
7. 4 AND 5 AND 6 – 614 results as of July 22 

Follow-up Search (Jan. 2, 2022) 

• Same search string as above with geographic restrictions (search string #7 and 
geographic restrictions combined with the AND operator) 

o Title:(Canad* OR “British Columbia” OR Alberta OR Saskatchewan OR 
Manitoba OR Ontario OR Quebec OR “New Brunswick” OR 
Newfoundland OR “Nova Scotia” OR “Prince Edward Island” OR PEI OR 
Yukon OR “Northwest Territories” OR Nunavut) – 31 results as of Jan. 2, 
2022 

• Looked for studies published 2021 or later –  2 results as of Jan. 2, 2022 (both 
new, but 1 had been found in a different database on this day already) 

ScienceDirect (Database) 

Initial Search (July 22, 2021) 

• Can only have a maximum of 8 Boolean operators in the search string 

• Cannot use asterisks (wildcards) 

Exposure 

1. Title, abstract, keywords: greenness OR NDVI OR “green space” – 159,233 
results as of July 22 

2. Title, abstract, keywords: “air pollution” OR “air quality” OR “particulate matter” 
OR “nitrogen dioxide” – 50,004 results as of July 22 

Outcome 

3. Title, abstract, keywords: “birth weight” OR “birth size” – 16,088 results as of July 
22 

Final Result 

4. 1 OR 2  – 207,869 results as of July 22 
5. 3 AND 4 – 231 results as of July 22 
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Follow-up Search (Jan. 2, 2022) 

• Same search string as above excluding the “air quality” search term and 
including geographic restrictions (search string #5 and geographic restrictions 
combined with the AND operator) 

o Title, abstract, keywords: Canada – 9 results as of Jan. 2, 2022 

• Looked for studies published 2021 or later –  2 results as of Jan. 2, 2022 (none 
new) 

CINAHL Plus with Full Text (via EBSCOhost) 

• “Explode” will look up the MeSH term and all headings under the general term 

• Use both MeSH terms and search terms using “OR” 

• Select “MH Exact Subject Heading” for MeSH terms 

• Include “+” after the keyword to use the “explode” function for MeSH terms 

• TI = title 

• AB = abstract 

Initial Search (July 22, 2021) 

Exposure 

1. TI ( greenness OR NDVI OR “vegetation index” OR “green space” OR “green 
spaces” ) OR AB ( greenspace OR “natural environment” OR “natural 
environments” ) – 1,742 results as of July 22 

2. TI ( “air pollution” OR “air pollutant” OR “air pollutants” OR “airborne pollutant” 
OR “airborne pollutants” OR “air quality” OR “PM2.5” OR “PM 2.5” OR 
“particulate matter” OR “NO2” OR “nitrogen dioxide” OR “vehicle emission” OR 
“vehicle emissions” OR “traffic-related pollution” OR “traffic-related air pollution” 
or “traffic-affiliated air pollution”) OR AB ( “air pollution” OR “air pollutant” OR “air 
pollutants” OR “airborne pollutant” OR “airborne pollutants” OR “air quality” OR 
“PM2.5” OR “PM 2.5” OR “particulate matter” OR “NO2” OR “nitrogen dioxide” 
OR “vehicle emission” OR “vehicle emissions” OR “traffic-related pollution” OR 
“traffic-related air pollution” or “traffic-affiliated air pollution” ) OR (MH “Air 
Pollution+”) OR (MH “Air Pollutants+”) OR (MH “Particulate Matter+”) OR (MH 
“Nitrogen Dioxide”) OR (MH “Vehicle Emissions”) OR (MH “traffic-related 
pollution”) – 18,716 results as of July 22 

3. TI ( “Built environment” OR “built environments” OR exposome* OR “urban 
environment” OR “urban atmospheric environment” OR “urban environmental” 
OR “environmental exposure” OR “environmental exposures” OR “environmental 
health” ) OR AB ( “Built environment” OR “built environments” OR exposome* 
OR “urban environment” OR “urban atmospheric environment” OR “urban 
environmental” OR “environmental exposure” OR “environmental exposures” OR 
“environmental health” ) OR (MH “Urban Health”) OR (MH “Built Environment”) 
OR (MH “environmental exposure”) OR (MH “environmental monitoring”) OR 
(MH “exposome”) OR (MH “inhalation exposure”) OR (MH “Environmental 
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Pollutants”) OR (MH “environmental pollution”) OR (MH “Environmental Health”) 
OR (MH “Environment and Public Health”) – 42,776 results as of July 22 

Outcome 

4. (MH “Birth Weight”) OR (MH “Infant, Low Birth Weight+”) OR TI ( “birth weight” 
OR low-birth-weight* OR birth-weight* OR small-for-gestational-age OR “birth 
size” OR “size at birth” ) OR AB ( “birth weight” OR low-birth-weight* OR birth-
weight* OR small-for-gestational-age OR “birth size” OR “size at birth” )  – 34,546 
results as of July 22 

Population 

5. TI ( maternal OR mother* OR bab* OR infant* OR fet* OR pregnan* OR 
gestation* OR birth* OR perinatal OR parturition ) OR AB ( maternal OR mother* 
OR bab* OR infant* OR fet* OR pregnan* OR gestation* OR birth* OR perinatal 
OR parturition ) OR (MH “Maternal Health”) OR (MH “maternal exposure”) OR 
(MH “Maternal Welfare”) OR (MH “Mothers”) OR (MH “Infant, Newborn”) OR (MH 
“Pregnancy”) OR (MH “Parturition”) OR (MH “Labor, Obstetric”) OR (MH “Term 
Birth”) – 532,910 results as of July 22 

Final Result 

6. 1 OR 2 OR 3 – 56,173 results as of July 22 
7. 4 AND 5 AND 6 – 657 results as of July 22 

Follow-up Search (Jan. 2, 2022) 

• Same search string as above including geographic restrictions (search string #7 
and geographic restrictions combined with the AND operator) 

o Canad* OR “British Columbia” OR Alberta OR Saskatchewan OR 
Manitoba OR Ontario OR Quebec OR “New Brunswick” OR 
Newfoundland OR “Nova Scotia” OR “Prince Edward Island” OR PEI OR 
Yukon OR “Northwest Territories” OR Nunavut – 38 results as of Jan. 2, 
2022 

• Looked for studies published 2021 or later –  1 result as of Jan. 2, 2022 (1 new, 
but found in another database on this day already) 

medRxiv 

• Preprint server 

• There is a restriction in the maximum length of search string 

Initial Search (July 22, 2021) 

Exposure 
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1. greenness OR NDVI – 6,377 results as of July 22 
2. “air pollution” OR “particulate matter” OR “nitrogen dioxide” – 6,819 results as of 

July 22 

Outcome 

3. “birth weight” OR “birth size” – 17,140 results as of July 22 

Final Result 

4. 1 OR 2  – 11,046 results as of July 22 
5. 3 AND 4 – 41 results as of July 22 

Follow-up Search (Jan. 2, 2022) 

• Same search string as above excluding the “birth size” search term and including 
geographic restrictions (search string #5 and geographic restrictions combined 
with the AND operator) 

o Canada – 3 results as of Jan. 2, 2022 (2 new) 
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Appendix 2.4: Title and Abstract Screening Form 

1. Does the title/abstract describe a primary study? 
a. Yes (include) 
b. No (exclude) 
c. Unsure (include) 

 
2. Does the title/abstract include pregnant women and their infants as the 

populations of interest? 
a. Yes (include) 
b. No (exclude) 
c. Unsure (include) 

 
3. Does the title/abstract include birth weight as an outcome of interest? 

a. Yes (include) 
b. No (exclude) 
c. Unsure (include) 

 
4. Does the title/abstract include either air pollution (PM2.5 or NO2) or measures of 

greenness as their main exposures of interest? Select all that apply. 
a. PM2.5 (include) 
b. NO2 (include) 
c. Greenness (include) 
d. None of the above (exclude) 
e. Unsure (include) 

 
5. Does the title/abstract describe a study that was conducted in Canada or the 

United States?  
a. Canada or the United States (include) 
b. Western Europe (exclude) 
c. Other (exclude) 
d. Unsure (include) 

 
6. Reviewer comments, if any: 
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Appendix 2.5: Full-text Screening Form 

1. Does the full text describe a study that was conducted in Canada or the United 
States?  

a. Canada (include) 
b. Western Europe (exclude) 
c. Other (exclude) 
d. Unsure (include) 
e. United States (exclude) 

 
2. Does the full text describe a cohort, case-control, cross-sectional, time-series, 

case-crossover, panel or ecological study, pooled analysis, or randomized 
controlled trial? 

a. Cohort (include) 
b. Case-control (include) 
c. Cross-sectional (include) 
d. Time-series (include) 
e. Case-crossover (include) 
f. Panel (include) 
g. Ecological (include) 
h. Pooled analysis (include) 
i. Randomized controlled trial (include) 
j. None of the above (exclude) 
k. Unsure (include) 

 
3. Is the full text a study protocol or proposal? 

a. Yes (exclude) 
b. No (include) 
c. Unsure (include) 

 
4. Does the full text include pregnant women and their infants as the populations of 

interest? 
a. Yes (include) 
b. No (exclude) 
c. Unsure (include) 

 
5. If the answer to Question 4 is “Yes”, were the majority of pregnant women 

included in the study at least 18 years of age? Alternatively, did the authors 
adjust for maternal age in their statistical analysis? 

a. Yes, the majority of pregnant women included in the study were at least 
18 years of age or the authors adjusted for maternal age in their statistical 
analysis. (include) 

b. No, the pregnant women included in the study were all under the age of 
18 (e.g., studies that examine teen pregnancies) or the authors did not 
adjust for maternal age in their statistical analysis. (exclude) 

c. Unsure (include) 
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6. Does the full text include low birth weight (categorical) or birth weight 

(continuous; e.g., in grams or kilograms) as an outcome of interest? Select all 
that apply. 

a. Yes, the full text includes low birth weight (categorical) as an outcome of 
interest. (include) 

b. Yes, the full text includes birth weight (continuous; e.g., in grams or 
kilograms) as an outcome of interest. (include) 

c. None of the above (exclude) 
d. Unsure (include) 
e. The full text includes small-for-gestational-age (categorical) as an 

outcome of interest. (include) 
f. The full text includes birthweight-for-gestational-age (continuous) or 

birthweight by z-score (continuous). (include) 
 

7. If the answer to Question 6 is “Yes”, did the authors include full-term births and/or 
adjust for gestational age? Select all that apply. 

a. The authors included full-term births only. (include) 
b. The authors included both full- and pre-term births. (include) 
c. The authors included pre-term births only. (exclude) 
d. The authors adjusted for gestational age. (include) 
e. Unsure (include) 

 
8. If the answer to Question 6 is “Yes”, did the authors include singleton births? 

a. The authors included singleton births only. (include) 
b. The authors included both singleton and multiple births (e.g., the birth of 

twins). (include) 
c. The authors included multiple births only. (exclude) 
d. Unsure (include) 

 
9. Does the full text include either air pollution (PM2.5 or NO2) or measures of 

greenness as their main exposures of interest? Select all that apply. 
a. PM2.5 (include) 
b. NO2 (include) 
c. Greenness (include) 
d. None of the above (exclude) 
e. Unsure (include) 

 
10. If the answer to Question 9 is “Yes”, did the authors examine women who were 

exposed to PM2.5, NO2 or greenness during the pregnancy period?  
a. The authors examined women who were exposed to PM2.5, NO2 or 

greenness during pregnancy. (include) 
b. The authors examined women who were exposed to PM2.5, NO2 or 

greenness prior to and during pregnancy. (include) 
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c. The authors examined women who were exposed to PM2.5, NO2 or 
greenness prior to becoming pregnant. (exclude) 

d. Unsure (include) 
 

11. Reviewer comments, if any: 
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Appendix 2.6: Data Extraction Form 

Free-Floating Questions 

• Name of study (not included in DistillerSR’s Data Extraction Form as this 
information can be retrieved based on refID) 

• Author (not included in DistillerSR’s Data Extraction Form as this information can 
be retrieved based on refID) 

1. Year of publication: ____ 
2. Year(s) of follow up: _________ 
3. Study design: 

a. Cohort 
b. Case-control 
c. Cross-sectional 
d. Ecological 
e. Randomized controlled trial 
f. Pooled analysis 
g. Other: ___________ 

4. Location of study: 
a. Canada: _________ 
b. United States: _________ 
c. Multiple countries: ___________ 

5. Did the authors declare their sources of funding? 
a. Yes: __________ 
b. No 

6. Did the authors declare any conflicts of interest? 
a. The authors declared conflicts of interest: __________ 
b. The authors declared NO conflicts of interest. 
c. No declaration was made regarding conflicts of interest. 

7. What are the key findings/take-home messages? _________
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Question Table 

Sample 
size/numb
er of 
participant
s: 

Age of 
participant
s: 

Exposur
e: 

Mean 
and/or 
range of 
exposur
e: 

What is 
the 
pollutant 
incremen
t? 

Exposure 
ascertainm
ent (e.g., 
through 
nearest 
PM2.5 
monitor or 
nearest 
park): 

Duration 
of 
exposure 
(e.g., 
whole 
pregnanc
y, 
specific 
trimester)
: 

Source 
of air 
pollutio
n (if 
specifie
d – 
e.g., 
wildfire 
smoke)
: 

Did the 
authors 
measure 
birth 
weight as 
an 
outcome 
of 
interest? 

If 
categoric
al, what is 
the 
measure 
of effect 
and 95% 
confidenc
e 
interval? 

If 
continuou
s, what is 
the mean 
and 95% 
confidenc
e 
interval? 

What was 
the method 
of statistical 
analysis/whi
ch type of 
modelling 
did the 
authors 
use? 

What 
were the 
covariat
es (i.e., 
what 
variable 
did the 
authors 
adjust 
for)? 

Commen
ts on this 
row of 
data: 

Text Mean: 
 
Range: 

PM2.5 
 
NO2 
 
Greenne
ss 
 
Other:  

Text PM2.5: 
 
NO2: 
 
Not 
relevant 
 

Text Text Text Low birth 
weight 
 
Birth 
weight in 
grams 
 
Small-
for-
gestation
al-age 
 
Birthweig
ht-for-
gestation
al-age 
 
Birthweig
ht z-
score 

Odds 
ratio 
(95% CI): 
 
Relative 
risk (95% 
CI): 
 
Incidence 
risk/rate 
ratio 
(95% CI): 
 
Other: 
 

Mean 
(95% CI): 

Text Text Text 

Other comments about this paper: _________
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3 Chapter 3 – Investigating Term Low Birth Weight and 
Maternal Environmental Exposures in Infants from Low-
Risk Pregnancies 

3.1 Abstract 

Previous studies have shown a relationship between environmental exposures 

and birth outcomes. Air pollutants such as PM2.5 and NO2 may have negative impacts 

on birth weight while greenness may have a protective effect. This study aimed to 

assess the association between PM2.5, NO2, and greenness on low birth weight (LBW) 

in infants from low-risk pregnancies in Ontario. Logistic regression models were used to 

analyze linked data from a large environmental database and the Ontario birth registry 

(BORN Ontario) using infants born between 2013 and 2016. Both single-and multi-

pollutant models were adjusted for infant sex, pre-pregnancy body mass index, 

gestational age, infant year of birth, parity, and the Ontario Marginalization Index. As 

greenness increased, the odds of term low birth weight (TLBW) significantly decreased 

with an adjusted OR of 0.91 (95% CI: 0.86, 0.96) per 0.1 unit increase in NDVI. 

Associations were found between PM2.5 and NO2 with TLBW; however, these were not 

significant. The significant relationship found between greenness exposure and TLBW 

suggests implementation of more green areas could improve birth outcomes in Ontario.  

3.2 Introduction 

Birth weight (BW) is an indicator of intrauterine growth and a predictor of poor 

health outcomes1. Low birth weight (LBW) affects both short-term infant health and 

long-term health with disorders appearing later on in life2–7. Short-term infant morbidities 

and mortality due to LBW include developmental disabilities5, as well as neurological, 

pulmonary, and ophthalmic disorders7. Poor long-term health outcomes include chronic 

hypertension3,4,6, insulin resistance3,4, non-insulin-dependent diabetes6,7, as well as 

heart3,4,6, kidney4, lung5, cardiovascular7, and other metabolic diseases4, all of which are 

associated with high health care costs7.  
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Populations are consistently exposed to many environmental factors such as air 

pollution, noise, temperature, and greenness, especially in urban environments1. These 

exposures in humans may also be interrelated as less exposure to air pollution and 

noise has been associated with increased greenness2,4. Greenness, or the amount of 

green space in a certain area, can be measured through the Normalized Difference 

Vegetation Index (NDVI)8,9. NDVI ranges between -1 and 1, and is determined by the 

wavelength of light that is either absorbed or reflected by an area. Areas with more 

greenness absorb more wavelengths of visible light and reflect more near-infrared 

light10. As fetuses are still developing, metabolic transformations and cell proliferations 

leave them more susceptible to environmental substances that may be toxic to human 

health during certain developmental phases6. Approximately 25% of the BW differences 

seen among infants are due to maternal environmental exposures1 and over 50% of 

humanity resides in urban environments2–4. 

Associations have also been observed between exposure to air pollutants with 

increased cases of LBW11–15, as well as between neighbourhood disadvantage and 

LBW7,16. A study conducted across Los Angeles County, United States, found a positive 

association between exposure to PM2.5 and term low birth weight (TLBW)17. A Canadian 

study showed increased exposure to NO2 was associated with decreased term birth 

weight (TBW)18. Other studies have shown an association between increased 

greenness and more term infants born with a normal BW1–3,19,20, even after adjusting for 

other effects of the built environment2.  

The objectives of this study were to i) determine whether PM2.5, NO2, and 

greenness are each associated with TLBW of infants from low-risk pregnancies in 

Ontario, ii) determine whether any associations found between PM2.5, NO2, and 

greenness remain after adjusting for known risk factors of LBW, and iii) examine the 

effect, if any, of co-exposure to these pollutants and greenness with TLBW. 
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3.3 Methods 

3.3.1 Generating the Cohort 

A retrospective population-based cohort was created by linking maternal and 

infant data from the Better Outcomes Registry & Network (BORN) Ontario21, 

socioeconomic data from the Ontario Marginalization Index (ON-Marg)22, and 

environmental data from the Canadian Urban Environmental Health Research 

Consortium (CANUE)23 by postal code. Record-level maternal and infant data for 2013 

to 2016 from the BORN Information System (BIS)24 was used in this study. The BIS 

collects extensive information on all live births and stillbirths from more than 250 

hospitals, birth centers, midwifery practice groups, and prenatal screening laboratories 

across Ontario25. Available data include maternal demographics, health behaviors, pre-

existing health problems, pregnancy history, obstetric complications, interventions, and 

birth outcomes. These data are collected from medical records, clinical forms, and 

patient interviews. Data from ON-Marg22 was only available during Canadian census 

years, with 2016 being the most recent census data available at the time of analysis. 

Data on PM2.5 and NO2 were taken from 2013 to 2016 to match infant data. Greenness 

data from 2013 was used for all births from 2013 to 2016 as this was the most recent 

data available from CANUE at the time of analysis23. 

Only live, singleton births were requested from BORN Ontario. Pregnant 

individuals that gave birth to multiples and who used assisted reproductive technologies 

(ARTs) were excluded as these have been previously identified as risk factors of 

LBW26,27. 

The following record-level variables for singleton, live infants were requested and 

analyzed from BORN as they have been associated with either BW14,28–36 or 

environmental exposures5,14,15,37: maternal age at time of live birth, gestational age at 

birth (in weeks), infant sex, parity, maternal smoking at first prenatal visit, maternal 

smoking at time of labour/admission, alcohol exposure during pregnancy, newborn year 

of birth, postal code and dissemination area (DA) of maternal place of residence, postal 



82 

 

 

 

code and DA of infant birth hospital, maternal health conditions, insulin dependent 

diabetes mellitus at prenatal screening, diabetes and pregnancy, hypertension disorder 

in pregnancy, infection in pregnancy, and maternal body mass index (BMI). 

Term infants from low-risk pregnancies in Ontario were the population of interest. 

This included restricting the population to those infants from pregnant individuals that 

gave birth between 19 and 39 years of age. The age of 19 was chosen as the lower 

cutoff as previous studies have shown associations between adolescent pregnancies 

and poor birth outcomes, such as LBW38,39. The upper cutoff was chosen as pregnant 

individuals at age 40 or older experience much higher risks throughout their pregnancy 

and at birth40.  Included infants had a gestational age of between 37 and 42 weeks. This 

limited the study population to be exclusive to term births, with the upper limit of 42 

weeks chosen due to the typical induction of labour at this point in time.  

Women who smoked, consumed alcohol or had comorbidities (i.e., diabetes, 

hypertension or any infection) were excluded as these behaviours and conditions have 

been shown to be associated with BW28,32–35. The study population was also limited to 

pregnant individuals with a BMI between 15 and 29.99, excluding those who were 

severely underweight or overweight (i.e., obese).  

Details on the restrictions and exclusions placed on the study population are 

provided in Figure 3.1. This study was granted approval by the University of Guelph’s 

Research Ethics Board (REB #21-08-014) and the Children’s Hospital of Eastern 

Ontario (CHEO)’s Research Ethics Board (REB Protocol #22/01PE). 

3.3.2 Birth Weight Data 

Record-level BW data, rounded to the nearest 100 g, was requested from BORN 

Ontario. BW was then categorized into the categorical outcome of interest, LBW. LBW 

was defined as a BW of less than or equal to 2,500 g. 
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3.3.3 Covariates 

Infant sex, infant year of birth, gestational age, pre-pregnancy BMI, parity 

(grouped as 0, 1 or 2+), and the ON-Marg domains (instability, deprivation, dependency, 

and ethnic concentration) were included as covariates in the final (adjusted) model. 

Maternal age had initially been included in the models as a covariate; however, it was 

later removed from the models as it did not contribute to the model fit. 

3.3.3.1 Maternal and Infant Risk Factors and Demographics 

Infant sex, gestational age, pre-pregnancy BMI, parity, and infant year of birth 

were available at the individual level. Infant sex was determined visually at birth41 and 

maternal pre-pregnancy BMI was collected either at the 1st trimester ultrasound 

appointment or at birth. Gestational age at birth was calculated by BORN Ontario21 

based on estimated date of infant birth (based on first trimester ultrasound or date of 

last menstrual period) and date of birth42.  

3.3.3.2  Socioeconomic Status 

Socioeconomic status (SES) has been previously shown to be associated with 

both environmental exposures and BW46,47. In this study, the ON-Marg dimensions were 

included to account for the potential effect of SES. ON-Marg uses census data and has 

four dimensions: residential instability, material deprivation, dependency, and ethnic 

concentration44. The dimensions are calculated based on 18 indicators (the 18 

indicators can be viewed in the “2016 Ontario Marginalization Index User Guide”)45. 

Census data is typically collected at the DA level, the smallest level that Canadian 

census data is distributed43.  

3.3.4 Environmental Exposure Data 

Maternal and infant data from BORN was linked to data stored by CANUE23. 

CANUE has data available from 1983 to 2021; however, data availability varies greatly 

across variables. The variables requested from CANUE and analyzed in this study 

included: greenness (NDVI), PM2.5, and NO2. 
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Data on PM2.5, NO2, and greenness were provided at the postal code level, but 

were analyzed using DA as a buffer. PM2.5 and NO2 exposure varies based on wind 

patterns and DA was assessed to be a better representation of accurate air pollutant 

exposure compared to postal code, a much smaller unit of measurement. Greenness 

exposure was also analyzed using DA as a buffer as greenness exposure would not be 

limited to the exact postal code of maternal residence. It was assumed that pregnant 

individuals would have a larger home range than the area typically designated by a 

postal code. Although DA does vary between urban and rural areas, it was assumed 

that individuals living in rural areas would need to travel greater distances for 

necessities (less walkability), as well as have more similar greenness exposure 

compared to those living within cities where greenness exposure could differ greatly 

between neighbourhoods. 

3.3.4.1 Air Pollution Exposure 

Annual PM2.5 estimates by postal code for the years 2013 to 2016 were provided 

by CANUE23,48,49. Geographically weighted regression (GWR) was used to determine 

PM2.5 exposure based on aerosol optical depth (AOD) satellite data23, a measurement 

of the amount of sunlight that is inhibited by aerosol particles50 such as PM2.5, and the 

Goddard Earth Observing System (GEOS)23 that estimates chemical composition of the 

atmosphere51. 

Annual NO2 estimates by postal codes for the years 2013 to 2016 were provided 

by CANUE23,52–54. National air pollution surveillance (NAPS) data from 2006 was used 

to create a land use regression (LUR) model for NO2 that contained “road length within 

10 km, 2005-2011 satellite NO2 estimates, area of industrial land use within 2 km, and 

summer rainfall”23,52–54. Kernel density estimation and previous literature was used for 

increased accuracy at the local scale23,52–54.  
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3.3.4.2 Greenness Exposure 

Annual NDVI estimates by postal code for the year 2013 were provided by 

CANUE23,55,56. Using information on surface reflectance collected by the National 

Oceanic and Atmospheric Administration (NOAA) Advanced Very High Resolution 

Radiometer (AVHRR) satellites, annual average NDVI was calculated at a spatial 

resolution of 1 km23,55,56. 

3.3.5 Statistical Analysis 

A buffer was created for greenness using the DA of maternal place of residence. 

DA of maternal place of residence was used as DAs typically represent larger areas 

than postal codes and expectant pregnant individuals are typically exposed to areas 

larger than that of the postal code of their home. Similarly to postal codes, DAs are 

smaller in urban areas and larger in rural areas; however, individuals living in rural 

areas have less walkability57 and may need to travel greater distances than those living 

in urban areas. Buffers were also created for PM2.5 and NO2 based on DA of maternal 

place of residence for a similar reason, as well as the direction of wind currents that 

vary seasonally may influence one’s exposure to air pollution58.  

Simple logistic regression models were applied to analyze the relationships 

between PM2.5, NO2, and greenness with TLBW. The original strategy for statistical 

analysis had included using a multi-level model with a random intercept to account for 

any effect from the DA of infant birth hospital; however, the model did not converge and 

the random effects deemed unnecessary and removed. Both crude and adjusted single-

pollutant models were first used to determine the association between each of the 

exposures of interest (PM2.5, NO2, and greenness) and LBW separately. This was 

followed by crude and adjusted multi-pollutant models with all three exposures in the 

same model. Covariates included in the adjusted models are mentioned above in 

Section 3.3.3. The formula for the adjusted multi-pollutant model was as follows: 

𝑙𝑜𝑔𝑖𝑡(𝑌 = 1|𝑋) =  𝛽0  +  𝛽1PM2.5 + 𝛽2NO2 + 𝛽3greenness + 𝛽4infant sex + 𝛽5BMI +
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𝛽6gestational age + 𝛽7year + 𝛽8parity + 𝛽9instability + 𝛽10deprivation + 𝛽11dependency +

𝛽12ethnic concentration + ε. 

The Spearman correlation coefficient was used to check for correlation between 

the independent variables of interest (Appendix 3.1). Odds ratios were used to 

determine associations between the environmental exposures and TLBW using the 

following increments: per 1 μg m3⁄  for PM2.5, per 5 ppb for NO2, and per 0.1 unit 

increase in NDVI using DA of maternal place of residence as a buffer. Confidence 

intervals (CIs) that did not include the null value of one were considered to be significant 

and exploratory in nature59,60. 

Regression diagnostics were checked and the linearity assumption was not 

violated. Independent variables included in the model appeared to be linearly related to 

the log odds of the outcome variable. The Omnibus Goodness-of-Fit Test was 

performed and was not significant. No influential observations were found when 

visualizing the Cook’s Distance values and standardized residuals. No multicollinearity 

was found using the variance inflation factor. The diagnostics do not indicate a violation 

of modeling assumptions. R version 4.2.061 was used to perform all statistical analysis.  

3.4 Results 

The study population was comprised of 201,442 live singleton births from low-risk 

pregnancies. The prevalence of TLBW was 2.14%. The mean exposure to PM2.5 was 

7.44 μg m3⁄  (SD: 1.17) and the mean exposure to NO2 was 8.67 ppb (SD: 4.76) by DA. 

The mean exposure to greenness by DA was an NDVI of 0.41 (SD: 0.08). In regards to 

the air pollutants, mean exposure was higher in TLBW infants compared to non-TLBW 

infants. Mean exposure to greenness was greater in non-TLBW infants compared to 

TLBW infants. Table 3.1 shows the descriptive statistics of the total study population 

and by TLBW status. TLBW prevalence was greater in infants that were female and had 

a smaller gestational age. Pregnant individuals who had a lower BMI and lived in 
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neighbourhoods with less stability, more deprivation, and a larger concentration of 

ethnic minorities had a higher prevalence of TLBW.  

In single-pollutant models, a positive association was found between air pollution 

and TLBW (PM2.5: OR of 1.10, 95% CI: 1.07, 1.13 per 1 μg m3⁄ ; NO2: OR of 1.25, 95% 

CI: 1.21, 1.28 per 5 ppb). On the contrary, as exposure to greenness increased, the 

odds of TLBW decreased (OR of 0.80, 95% CI: 0.77, 0.83 per 0.1 unit increase in 

NDVI). When the single-pollutant models were adjusted for infant sex, maternal BMI, 

gestational age, infant year of birth, parity, instability, deprivation, dependency, and 

ethnic concentration, all associations seen were attenuated (PM2.5: adjusted OR of 1.01, 

95% CI: 0.98, 1.05 per 1 μg m3⁄ ; NO2: adjusted OR of 1.04, 95% CI: 0.99, 1.08 per 5 

ppb; greenness: adjusted OR of 0.91, 95% CI: 0.87, 0.96 per 0.1 unit increase in NDVI). 

Only greenness remained significant (Table 3.2). 

In multi-pollutant models, the relationship between all environmental exposures of 

interest and TLBW were significant (PM2.5: OR of 0.96, 95% CI: 0.93, 0.99 per 1 μg m3⁄ ; 

NO2: OR of 1.21, 95% CI: 1.16, 1.25 per 5 ppb; greenness: OR of 0.87, 95% CI: 0.83, 

0.91 per 0.1 unit increase in NDVI). In the models adjusted for infant sex, maternal BMI, 

gestational age, infant year of birth, parity, instability, deprivation, dependency, and 

ethnic concentration, only greenness remained significant and was associated with 

decreased odds of TLBW (adjusted OR of 0.91, 95% CI: 0.86, 0.96 per 0.1 unit increase 

in NDVI; Table 3.2). The fully adjusted model showed no associations between PM2.5 

and TLBW (adjusted OR of 1.00, 95% CI: 0.96, 1.03 per 1 μg m3⁄ ) nor between NO2 and 

TLBW (adjusted OR of 1.00, 95% CI: 0.96, 1.05 per 5 ppb; Table 3.2). 

3.5 Discussion 

This study focused on the population of infants from low-risk pregnancies in 

Ontario. This study also controlled for important maternal behavioural risk factors for 

LBW, such as maternal exposure to alcohol and smoking. An advantage of this study 

was the availability of birth registry and environmental exposure data. The birth registry 
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data allowed for a comprehensive dataset of all hospital and home births in Ontario. The 

environmental exposure data was available for most postal codes across the entire 

province of Ontario, including that of rural areas, areas that traditionally have not been 

as widely examined as urban areas.  

Exposure to greenness was significantly associated with decreased odds of 

TLBW. The significant negative association observed between maternal exposure to 

greenness and LBW is consistent with a previous study conducted in large urban areas 

across Canada62. The authors found an OR of 0.95 (95% CI: 0.93, 0.96) per 0.16 unit 

increase in NDVI for a 250 m buffer62. Another study63 examined the relationship 

between greenness and TBW in Vancouver, Toronto, Edmonton, and Winnipeg. In their 

fully adjusted model that also included NO2, PM2.5, and ozone (O3), increased exposure 

to greenness was associated with a higher BW (27.3 g, 95% CI: - 1.0 g, 55.7 g per 0.1 

(IQR) increase in NDVI for a 500 m buffer), although this was not significant. The results 

of this current study can also help inform maternal-infant health programs and 

emphasize the importance of access to green spaces. Environmental health 

interventions and regulations can be implemented that have the potential to decrease 

the number of cases of adverse birth outcomes13, such as creating more green areas3,4 

in urban environments. The creation of and access to parks within city centres, as well 

as trails in rural areas, may provide an increased opportunity for greenness exposure. 

Future development and urbanization should consider the benefits of green spaces and 

work toward minimizing the loss of greenness. 

No significant association was found between exposure to PM2.5 and TLBW after 

adjustment for maternal, infant, and social risk factors. This is consistent with other 

Canadian studies64,65 that examined PM2.5 and TLBW. For example, the relationship 

found in this study was consistent with another study66 conducted in 31 Ontario cities. 

The authors examined the association between maternal PM2.5 exposure during 

pregnancy and TLBW using a multi-pollutant model66. In a fully adjusted meta-

analysis66, it was found that TLBW was associated with an OR of 0.95 (95% CI: 0.83, 
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1.09) per 2.6 μg m3⁄  with NO2 and O3 as covariates.  In a single-pollutant model, 

however, a different Canadian study found that increased exposure to PM2.5 was 

significantly associated with an increased risk of LBW (OR of 1.05, 95% CI: 1.03, 1.07 

per 3.3 μg m3⁄ )62. Similarly to PM2.5, no significant association was found between 

exposure to NO2 and TLBW after adjusting for maternal, infant, and social risk factors in 

this study. This is consistent with another study conducted across Canada that found a 

positive, but not significant, association between NO2 and LBW using a two-pollutant 

model with PM2.5 (OR of 1.02, 95% CI: 0.99, 1.04 per 11.5 ppb)18. This contrasts 

another Canadian study that utilized a single-pollutant model that found that increased 

exposure to NO2 was significantly associated with greater odds of LBW (OR of 1.06, 

95% CI: 1.04, 1.08 per 10.3 ppb)62. There have not been many Canadian studies that 

have employed multi-pollutant models to examine the relationship between multiple air 

pollutants and greenness with BW. It is important for future studies to utilize multi-

pollutant models as pregnant individuals are exposed to many environmental exposures 

simultaneously. 

3.5.1 Study Limitations 

This study focused on infants from low-risk pregnancies. Most previous studies 

investigated the pregnant population in general and did not restrict their population to 

any subgroup. Some previous studies have examined pregnant individuals of low SES, 

but very few Canadian studies have examined pregnant individuals by health status. 

One previous study67 conducted stratified analysis based on maternal comorbidity. More 

significant associations were found in the population without certain comorbidities 

compared to those with these comorbidities (e.g., hypertension, asthma, diabetes).  

DA was used as a buffer for the air pollutants and greenness. As DA varies in 

size across different geographic areas, there may be misclassification bias of exposure. 

Misclassification bias could also arise from pregnant individuals changing their place of 

residence during pregnancy. As the study population spanned four years, pregnant 

individuals may have given birth more than once throughout the study period. These 
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women would have been counted more than once and may bias the results. The 

direction of this bias would depend on the pregnant individual’s characteristics. This 

study focused on maternal exposure across the entire pregnancy and used annual data. 

Future studies could utilize monthly exposures to reduce misclassification bias. 

This study focused on the population of infants born from low-risk pregnancies. As 

pregnant individuals with any infection or comorbidities (e.g., hypertension, diabetes) 

were excluded, the results may be closer to the null compared to studies that did not 

include these restrictions. The incidence of these comorbidities have been associated 

with air pollutants68,69 as shown in the causal diagram (Appendix 3.2). Bias may also 

arise from excluding any individuals where one variable had data missing as these 

individuals may have characteristics that may differ from those that did not have missing 

data. 

3.6 Conclusion 

This study contributes to the existing knowledge base that a significant association 

between greenness and LBW exists. In both single- and multi-pollutant adjusted 

models, it was found that as maternal exposure to greenness increases, the odds of 

TLBW decrease from low-risk pregnancies in Ontario. This study did not show a 

significant association between air pollutants (PM2.5 and NO2) and TLBW. Further 

studies are required to determine the relationship between air pollution and BW with an 

emphasis on studies employing multi-pollutant models. 
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3.10  Tables 

Table 3.1: Characteristics of Study Population Based on Low Birth Weight Status 
of Term Births (n = 201,442) 

Characteristic Infants with Low Birth 
Weight n = 4,305 (2.14%) 

Infants without Low Birth 
Weight n = 197,137 
(97.86%) 

Total n = 201,442 
(100%) 

Infant Sex Male: 1,724 (40.05%) 
Female: 2,581 (59.95%) 

Male: 100,770 (51.12%) 
Female: 96,367 (48.88%) 

Male: 102,494 (50.88%) 
Female: 98,948 
(49.12%) 

Infant Year of 
Birth 

2013: 972 (22.58%) 
2014: 904 (21.00%) 
2015: 1,129 (26.23%) 
2016: 1,300 (30.20%) 

2013: 46,638 (23.66%) 
2014: 46,500 (23.59%) 
2015: 50,196 (25.46%) 
2016: 53,803 (27.29%) 

2013: 47,610 (23.63%) 
2014: 47,404 (23.53%) 
2015: 51,325 (25.48%) 
2016: 55,103 (27.35%) 

Parity 0: 2,390 (55.52%) 
1: 1,298 (30.15%) 
2+: 617 (14.33%) 

0: 86,828 (44.04%) 
1: 73,061 (37.06%) 
2+: 37,248 (18.89%) 

0: 89,218 (44.29%) 
1: 74,359 (36.91%) 
2+: 37,865 (18.80%) 

Characteristic Mean (SD) in Infants 
with Low Birth Weight 

Mean (SD) in Infants 
without Low Birth Weight 

Mean (SD) in Total 
Study Population 

Body Mass 
Index (BMI)a 

22.00 (3.277) 22.98 (3.199) 22.96 (3.204) 

Gestational 
Ageb 

38.23 (1.088) 39.73 (1.122) 39.69 (1.142) 

Maternal Agec 30.39 (4.701) 30.69 (4.418) 30.68 (4.424) 

Instabilityd 0.08334 (1.149) -0.003911 (1.050) -0.002046 (1.053) 

Deprivationd 0.08359 (1.118) -0.04573 (1.034) -0.04296 (1.036) 

Dependencyd -0.3657 (0.8126) -0.2910 (0.8549) -0.2926 (0.8541) 

Ethnic 
Concentrationd 

0.7677 (1.252) 0.3791 (1.179) 0.3874 (1.182) 

PM2.5 (𝛍𝐠/𝐦𝟑) 

by DAe 

7.519 (1.083) 7.435 (1.172) 7.437 (1.170) 

NO2 (ppb) by 
DAe 

9.731 (4.762) 8.648 (4.761) 8.670 (4.763) 

Greenness 
(NDVI) by DAe 

0.3985 (0.0765) 0.4139 (0.0802) 0.4136 (0.0811) 

aPopulation restricted to those with BMI between 15 and 29.99, inclusive 
bPopulation restricted to term births (37-42 weeks) and rounded to nearest week 
cPopulation restricted to those between the ages of 19 and 39, inclusive 
dBased on Principal Component Factor Score (PCF Score) from the Ontario Marginalization Index (ON-Marg) 2016; score with 
larger values representing more severity 
eDissemination area 
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Table 3.2: ORs (95% CIs) from Single-pollutant and Multi-pollutant Models for 
Environmental Exposures and Low Birth Weight in Ontario, 2013-2016 

Model Exposure** Crude OR (95% CI) Adjusted*** OR (95% CI) 

Single-
pollutant 

PM2.5 1.097 (1.068, 1.126) 1.012 (0.9800, 1.045) 

NO2 1.248 (1.211, 1.285) 1.036 (0.9942, 1.080) 

Greenness 0.7963 (0.7679, 0.8259) 0.9142 (0.8739, 0.9567) 

Multi-
pollutant* 

PM2.5 0.9585 (0.9271, 0.9909) 0.9969 (0.9614, 1.034) 

NO2 1.205 (1.160, 1.251) 1.0038 (0.9589, 1.051) 

Greenness 0.8697 (0.8307, 0.9111) 0.9083 (0.8639, 0.9554) 
*model included all environmental exposures of interest: PM2.5, NO2, and greenness 

**increments: PM2.5: per 1 𝛍𝐠/𝐦𝟑; NO2: per 5 ppb; greenness: per 0.1 unit increase in NDVI 
***fully adjusted model that accounted for the following covariates: infant sex, BMI, gestational age,  infant year of birth, parity, 
and the Ontario Marginalization Index (instability, deprivation, dependency, and ethnic concentration) 
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3.11  Figures 

Figure 3.1: Flowchart of Total Study Population Size after Exclusions and 
Restrictions 

 

*Non-valid birth weight entries based on validity rules provided by BORN content specialist

963,925 Live singleton births 
between 2013 and 2019

522,135 Term births 
between 2013 and 2016

203,548 Infants from 
healthy mothers in 

Ontario

201,442 Births 
included in this study

532 Excluded
532 Non-valid birth weight entries*

1,574 Excluded 
366 Missing parity data

1,067 Missing ON-Marg data
7 Missing PM2.5 data when categorized by DA

20 Missing greenness data when categorized by DA
114 Missing NO2 data when categorized by DA

18,343 Excluded
18,343 Missing, false or outside 

of Ontario postal codes
300,244 Excluded

328 Infants with missing sex data or intersex
128,055 Mothers with infection or missing infection data

24,648 Mothers with diabetes

11,287 Mothers with missing diabetes data

13,376 Mothers with hypertension

478 Mothers with missing hypertension data

6,478 Mothers with alcohol consumption during 
pregnancy

3,037 Mothers with missing alcohol consumption data
28,090 Mothers with any smoking during pregnancy

8,699 Mothers with missing smoking data
36,781 Mothers with BMI under 15 or 30+

28,606 Mothers with missing BMI data
8,639 Mothers under 19 or 40+ years

1,742 Mothers with missing maternal age data

441,790 Excluded
414,458 Records between 2017 and 2019

27,314 Pre-term births and births over 42 weeks

18 Births with missing gestational age data
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3.12  Appendices 

Appendix 3.1: Spearman Rank Correlation* between Environmental Exposures 

 PM2.5 NO2 Greenness 

PM2.5 - - - 

NO2 0.61 - - 

Greenness -0.50 -0.61 - 
*Correlation determined at the level of dissemination area (DA) of maternal place of residence 

  



103 

 

 

 

Appendix 3.2: A Causal Diagram of the Relationships Between PM2.5, NO2, and 
Greenness and the Outcome of Low Birth Weight 
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4 Chapter 4 – Discussion and Conclusion 

This chapter presents a discussion of the general findings from each study, the 

strengths and limitations, and directions for future research. 

4.1 Summary 

This thesis explored the relationship between maternal environmental exposures 

and birth outcomes. A scoping review (Chapter 2) was performed to determine the 

associations between exposure to particulate matter with a diameter of less than or 

equal to 2.5 micrometers (PM2.5), nitrogen dioxide (NO2), and greenness with the 

outcomes of birth weight (BW), low birth weight (LBW), and small-for-gestational-age 

(SGA) in Canada. The objectives included describing general characteristics of the 

current state of literature, determining trends and patterns across the literature, as well 

as identifying knowledge gaps. A retrospective population-based cohort study (Chapter 

3) was performed involving infants born between 2013 and 2016 from low-risk 

pregnancies in Ontario. The objectives included determining whether the same 

exposures as studied in Chapter 2 (PM2.5, NO2, and greenness) were associated with 

term low birth weight (TLBW) after considering infant, maternal, and social risk factors, 

as well as creating multi-pollutant models that allowed for the possible effect of the other 

exposures.  

Six literature databases were searched for the scoping review (Chapter 2) and 

nineteen relevant studies were found. Out of the three exposures of interest (PM2.5, 

NO2, and greenness), PM2.5 was examined the most. A large proportion of included 

studies found a negative relationship between PM2.5 and BW with more of these 

showing a significant association compared to LBW and SGA. Most studies found 

increases in exposure to PM2.5 were also associated with increases in SGA and LBW, 

but this was less consistent compared to the findings with BW. In regards to increased 

NO2 exposure, all five cohort studies that examined NO2 found decreased BW. The 

relationship between NO2 and the categorical birth outcomes was unclear with a similar 

number of studies finding a positive relationship as those finding a negative relationship. 

A strong positive relationship was found between greenness and BW, despite 
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greenness being the least examined exposure with only five studies. Similarly, all 

primary studies that investigated SGA found that increases in exposure to greenness 

were associated with decreased odds of SGA. The relationship between greenness and 

LBW was unclear.  

In Chapter 3, data from a Canadian environmental database and a birth registry 

were linked and analyzed. 201,442 live singleton births were included. Single- and 

multi-pollutant regression models were created with infant sex, pre-pregnancy maternal 

body mass index (BMI), gestational age, infant year of birth, parity, and the Ontario 

Marginalization Index (ON-Marg) as covariates. In the single-pollutant model, a 

significant association was found between greenness and TLBW (adjusted OR of 0.91, 

95% CI: 0.87, 0.96 per 0.1 unit increase in NDVI). In the single-pollutant model, as 

exposure increased to both PM2.5 and NO2, the odds of TLBW increased, although this 

was not significant (PM2.5: adjusted OR of 1.01, 95% CI: 0.98, 1.04 per 1 μg m3⁄ ; NO2: 

adjusted OR of 1.04, 95% CI: 0.99, 1.08 per 5 ppb). The significant association found 

between greenness and TLBW remained when the multi-pollutant model was used 

(adjusted OR of 0.91, 95% CI: 0.86, 0.96 per 0.1 unit increase in NDVI) while no 

significant associations were found between TLBW and neither of the air pollutants 

(PM2.5: adjusted OR of 1.00, 95% CI: 0.96, 1.03 per 1 μg m3⁄ ; NO2: adjusted OR of 1.00, 

95% CI: 0.96, 1.05 per 5 ppb).  

Both Chapters 2 and 3 examined PM2.5, NO2, and greenness with the odds of 

LBW. No clear relationship was found between exposure to NO2 and LBW in either 

chapter. In regards to PM2.5 exposure, varying results were seen across chapters. 

Chapter 2 found that a majority of Canadian studies observed greater odds of LBW with 

increased exposure to PM2.5 while Chapter 3 found no significant relationship with 

TLBW. Across thesis chapters, greenness was found to have beneficial relationships 

with birth outcomes, but no clear relationship between greenness and LBW was found 

in Chapter 2. Chapter 3 found a significant association between increased greenness 

exposure and decreased odds of TLBW. This finding was consistent with previous 

findings in studies examining LBW1 and BW2 in urban centres across Canada. The 

findings relating to PM2.5 and NO2 were consistent with some studies that employed 
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multi-pollutant models3,4, but not others that found increased exposure to air pollutants 

was significantly associated with an increased odds of LBW based on single-pollutant 

models1. These studies were previously identified and included in the scoping review 

(Chapter 2). The significant results seen between greenness and TLBW from Chapter 3 

can help fill the knowledge gap identified by the scoping review (Chapter 2) in which the 

direction of the association between greenness and LBW was unclear. The 

implementation of more green spaces and improving access to these spaces for 

pregnant women can improve maternal-infant health.  

4.2 Strengths and Limitations 

The scoping review (Chapter 2) included primary studies with varying designs. 

This is a strength as the review was comprehensive and included all studies that to our 

knowledge, examined any of the exposures of interest (PM2.5, NO2, and greenness) with 

any of the outcomes of interest (BW, LBW, and SGA). The scoping review was also 

conducted in Canada with all studies in English or French being included. In terms of 

limitations, the issue of temporality arises when including cross-sectional and spatial 

studies. These studies contribute to the current knowledge base of the association 

between environmental exposures and birth outcomes, but interpretation of results 

differs from that of cohort studies. Exposure ascertainment also differed across studies 

and there may have been bias as to the associations seen depending on the type of 

method used. Interpretations from studies may also be difficult to compare given the 

large range of sample sizes used across studies. 

Chapter 3 was focused on infants born from low-risk pregnancies in Ontario and 

controlled for many infant, maternal, and social risk factors of LBW. By using census 

and birth registry data, a large study population was created, and infants born in both 

rural and urban areas were included. To our knowledge, this is also the only study that 

examined this population of low-risk pregnancies while most other studies focused on 

the population in general. A limitation of this study was the potential for misclassification 

bias. This could arise from the use of census dissemination areas (DA) as a buffer for 

air pollutants and greenness due to its varying size, a change in the pregnant 

individual’s residence during pregnancy, and the usage of annual instead of monthly 
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data. In comparison to other similar studies, the results of this study may appear closer 

to the null. Air pollution has been associated with hypertension and diabetes5,6. Another 

limitation of the study is that only pregnant individuals with complete data for all 

variables were included. 

4.3 Future Research 

This thesis examined multiple environmental exposures and their relationship with 

birth outcomes. Future research could examine additional environmental exposures. 

Multi-pollutant models could be created with additional pollutants such as ozone, as well 

as factors of the built environment including noise. Future research could utilize multi-

pollutant models with monthly data that could improve the accuracy of exposure 

ascertainment and reduce potential bias. Similarly, monthly data would allow for month-, 

season- or trimester-specific analyses that can help determine periods of pregnancy 

that are sensitive to environmental exposures. A systematic review of Canadian cohort 

studies could be conducted and, if possible, a meta-analysis to determine an overall risk 

estimate for birth outcomes in association with PM2.5, NO2, and greenness. 

4.4 Conclusion 

Associations have been found between environmental exposures and birth 

outcomes such as LBW. Examination of this relationship is important as these birth 

outcomes are a predictor of poor short- and long-term health7–9. This thesis described 

the current state of the literature surrounding the relationship between PM2.5, NO2, and 

greenness with BW, LBW, and SGA in Canada. It also examined the association 

between these same exposures and LBW in infants from low-risk pregnancies in 

Ontario. Investing resources and access to green areas can help improve maternal-

infant health, and in turn, reduce poor health outcomes throughout life. 
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