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Abstract of Dissertation 

 

 

Investigating Associations Between Hazardous Environmental Exposures and Ovarian 

and Endometrial Cancer Risk 

 

Background  

Endometrial and ovarian cancers are the number one and number two most 

diagnosed gynecologic cancers among women in the U.S., respectively. Research on 

these malignancies has so far primarily focused on modifiable risk factors, including 

body mass index and unopposed estrogen. Although there is biologic plausibility that 

environmental exposures may play a role in the incidence of both cancers, particularly 

through endocrine disrupting pathways, environmental risk factors for both tumor sites 

are greatly understudied.  

Methods  

This dissertation consists of three separate aims: a systematic review and meta-

analysis of epidemiologic studies that evaluated the association of non-lifestyle 

environmental exposures with endometrial and ovarian cancer incidence, mortality and 

survival (Aim 1); a cohort analysis evaluating the association between common outdoor 

air pollutants fine particulate matter (PM2.5, <2.5µm) and nitrogen dioxide (NO2) 

exposure and the risk of endometrial and ovarian cancers (Aim 2); and a pooled cohort 

analysis of the associations between carcinogenic industrial emissions and risk of these 

two malignancies (Aim 3).  

For Aim 1, we conducted a systematic literature search of five scientific databases 

for original epidemiologic studies published between January 1980 and October 2024 in 

English, developed inclusion and exclusion criteria, and presented descriptive syntheses 



v 

 

of the final included studies. We also conducted a risk of bias assessment and meta-

analysis of studies evaluating the association between PM2.5 and ovarian and endometrial 

cancer, the most commonly evaluated relationship in the literature.  

For the Aim 2 analysis, we used nationwide spatiotemporal models to estimate 

residential concentrations of PM2.5 and nitrogen dioxide (1980-2017) for female 

participants of the prospective NIH-AARP Diet and Health Study (N=140,457 enrolled 

1995-1996), with follow-up through 2018. We used Cox proportional hazards regression 

to estimate hazard ratios (HR) and 95% confidence intervals (CIs) for associations 

between time-varying, 5-year average PM2.5 and NO2 concentrations (per 5µg/m3 and 

ppb;) and incident endometrial (n=3,088) and ovarian (n=1,582) cancers, overall and by 

histologic subtype. Models were adjusted for state, age, race and ethnicity, body mass 

index (BMI; endometrial models only), smoking status and intensity, and neighborhood-

level socioeconomic deprivation (via the Yost Index). We evaluated co-pollutant 

adjustment and potential effect modification by state (per state-specific interquartile 

ranges), neighborhood deprivation, and body mass index (BMI; endometrial models 

only).  

For Aim 3, we pooled data from two large prospective cohorts in the U.S with 

geocoded residential addresses (the NIH-AARP study and the Prostate, Lung, Colorectal, 

and Ovarian (PLCO) Cancer Screening Trial cohort; N=167,617). We used the U.S. 

Environmental Protection Agency’s Toxics Release Inventory of industrial point sources 

to estimate historical exposure to airborne emissions (1987-1995) for chemicals and 

metals classified as known human carcinogens (Group 1) by the International Agency for 

Research on Cancer (IARC). For each carcinogen, we constructed inverse distance-and 
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wind direction-weighted average emissions index (AEI) exposure metrics within 1,2, 3, 

5, and 10 km of participants’ enrollment address. We used Cox regression to estimate 

HRs and 95% CIs for associations between tertiles or quartiles of exposure (compared to 

non-exposed) for each carcinogen with incident ovarian and endometrial cancer overall, 

by histologic subtype, and across categories of BMI (under/normal weight, overweight, 

and obese). Models were adjusted for state, age, race and ethnicity, BMI (endometrial 

models only), neighborhood deprivation, and smoking status and intensity. We also 

mutually adjusted for correlated exposures across all AEIs (Spearman’s ρ≥0.3) and 

evaluated the impact of adjustment for key reproductive risk factors.  

Results  

The systematic review in Aim 1 yielded 125 studies meeting inclusion criteria, of 

which over half were focused on investigation of ovarian cancer only (N=72; 58%), 30 

(24%) focused on endometrial cancer only, and 23 (18%) evaluated both tumor sites. 

Cohort studies were the most commonly employed design (N=53; 42%), while 37 (30%) 

were ecologic, 33 (26%) were case-control (including four nested case-control studies), 

and 2 (2%) were cross-sectional studies. The environmental exposures most represented 

among studies included outdoor air pollution (N=21; 17%) and dietary intakes of various 

factors (N=21; 17%), followed by ultraviolet (UV) light (N=19; 15%), and pesticides 

(N=13; 10%). Most studies were conducted in North America (and in the U.S., 

specifically) and were published after the year 2009. We evaluated the risk of bias for six 

studies of the association between PM2.5 and either of these cancers for possible inclusion 

in meta-analyses, and all six were rated “low” or “probably low” risk of overall study 

bias. Most of these studies used a similar approach to exposure assessment based on 
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regulatory monitoring data and were predominantly conducted within the U.S. The meta-

association for PM2.5 and ovarian cancer based on four studies was positive (HRmeta per 5 

µg/m3=1.14, 95%CI=1.06-1.23), and marginally weaker when limiting to U.S.-based 

studies (HRmeta=1.11, 95%CI=1.00-1.22). Among studies that mutually adjusted for co-

pollutants, the meta-estimate was strengthened (HR per 5 µg/m3=1.19, 95%CI=1.05-

1.35). We found a similar positive meta-association for endometrial cancer, also based on 

four studies (HRmeta=1.19, 95%CI=1.07-1.33), although we found that limiting to studies 

that implemented co-pollutant adjustment reduced the effect to the null (HRmeta per 5 

µg/m3=0.89, 95%CI=0.55, 1.42). 

In Aim 2, we found no relationships between PM2.5 or NO2 and risk of either 

cancer overall. However, state-specific analyses yielded some positive relationships, 

including for PM2.5 and endometrial cancer among participants in Atlanta, Georgia (HR 

per IQR increase:1.70, 95%CI=1.16-2.48) and Pennsylvania (HR=1.15, 95%CI=1.02-

1.29), and a more attenuated NO2 association (HR=1.57, 95%CI=1.11-2.22 and 

HR=1.10, 95%CI=0.94-1.28, respectively). Associations with endometrial cancer were 

also suggested in the highest quintile of neighborhood deprivation (HR PM2.5=1.05; 

95%CI=0.90-1.22; p-trend=0.07) and HR NO2=1.06, 95%CI=1.00-1.12; p-trend=0.02). 

We found positive, albeit imprecise, associations with ovarian cancer in Detroit, 

Michigan (PM2.5  HR=1.42, 95%CI=0.92-2.18 and NO2 HR=1.72, 95%CI=0.95-3.13). 

We observed some limited evidence of heterogeneity in pollutant associations across 

histologic subtypes. The impact of co-pollutant adjustment varied across state-specific 

associations, and relationships did not vary across strata of BMI.  

In Aim 3 analyses, endometrial cancer risk was elevated in association with the 
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highest AEI category of benzene at 3km (HR Q4 vs. non-exposed=1.36, 95%CI=0.98-

1.89; p-trend=0.07). The positive association remained at 5km (HR Q4 vs. non-

exposed=1.28, 95%CI=1.02-1.61; p-trend=0.03) and was evident but weaker at 10km 

(HR Q4 vs. non-exposed=1.09; 95%CI=0.93-1.28; p-trend=0.32). The positive 

association was also apparent but much less precise at 2km, with 18 exposed cases in Q4 

(HR Q4 vs. non-exposed=1.21, 95%CI= 0.72-2.02; p-trend=0.48). Ovarian cancer was 

also elevated in the highest emissions category of benzene at 3km (HR Q4 vs. non-

exposed=1.45, 95%CI=0.92-2.28; p-trend=0.11) and the magnitude of association 

weakened with increasing distance between the residence and the source (5km HR 

Q4=1.39, 95%CI=1.03-1.88; p-trend=0.04 and 10km HR Q4=1.32, 95%CI=1.07-1.63; p-

trend =0.01); we were unable to evaluate associations at 2km for either cancer site. In 

analyses by histologic subtype, we found an elevated risk for non-endometrioid 

endometrial tumors in association with the asbestos AEI at 10km (HR T3 vs non-

exposed=1.31, 95%CI=0.90-1.90; p-trend=0.12) whereas no association was evident for 

endometrioid tumors (HR T3 vs non-exposed=0.91, 95%CI=0.72-1.14; p-trend=0.41; p-

heterogeneity=0.33). For ovarian cancer, we found an elevated risk of serous tumors (HR 

T3 vs. non-exposed=1.31, 95%CI=0.89-1.92; p-trend =0.14) and a stronger association 

for non-epithelial tumors (HR T3 vs. non-exposed=1.72, 95%CI=1.06-2.77; p-trend 

=0.02; p-het=0.07) in association with the top tertile of the benzene AEI at 5km. 

Discussion 

Collectively, this research helps elucidate the role that specific carcinogenic 

environmental pollutants may play in the development of endometrial and ovarian 

cancers. We discovered several gaps in the research of these relationships to-date, 
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including relatively fewer studies of associations with endometrial cancer, an interesting 

observation given that the incidence of this disease has been increasing in the U.S. and 

globally. There was also a dearth of studies conducted outside the U.S. and limited 

studies of exposures other than outdoor air pollution or dietary factors. Although our 

meta-analyses were imprecise due to the limited number of studies, we found evidence of 

a positive relationship between PM2.5 and ovarian, and the relationship was stronger 

among studies that mutually adjusted for co-exposure to other pollutants. In risk analyses 

within the large prospective NIH AARP cohort, we demonstrated modest relationships 

between widespread ambient air pollutants PM2.5 and NO2 and the risk of ovarian and 

endometrial cancers for select geographies, neighborhood characteristics, and histologic 

subtypes. Our novel study of industrial emissions represents some of the only evaluation 

of the risk of these cancers at low levels of environmental exposure to a suite of known 

carcinogens from the occupational literature. The findings provide compelling new 

evidence that emissions of benzene may be associated with increased risk of both ovarian 

and endometrial cancers for people living near industrial sources. Expanding future 

research to include more geographic areas and a greater number of cancer cases would 

help clarify these relationships.  
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Chapter 1: Introduction 

 

 

Problem Statement  

Ovarian and endometrial cancers are the second and first most common female 

reproductive cancers diagnosed in the U.S.1, respectively, with notable racial/ethnic and 

socioeconomic disparities in incidence, stage at diagnosis, and survival2. Studies 

investigating the drivers of these malignancies have primarily focused on modifiable risk 

factors including body mass index (BMI) and oral contraceptive use3,4.The research on 

environmental risk factors is comparatively much more limited. One review of 15 studies 

that investigated ambient air pollution and risk of ovarian cancer found evidence, 

primarily from ecologic studies, of a positive relationship5. Additionally, a U.S.-wide 

analysis of a county-level environmental quality index found positive associations 

between the air quality domain (e.g.,  exposure to criteria and hazardous air pollutants) 

and increased mortality rates of both ovarian and endometrial cancers6.  

Given this nascent literature, there is a need to identify and summarize existing 

epidemiological studies of environmental exposures and ovarian and endometrial cancer 

risk and to identify research gaps. Additionally, the epidemiologic evidence base for the 

classification of many human carcinogens comes predominantly from occupational 

settings, and considerably less is known about cancer risks associated with chemical 

exposures at levels present in the ambient environment. Prospective studies in which the 

environmental exposure levels present in one’s ambient environment are assessed before 

the ovarian and endometrial cancers have been diagnosed would also contribute 

meaningfully to this emerging area of research. 
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The primary objective of the proposed research is to elucidate the role that 

specific carcinogenic environmental pollutants may play in the development of ovarian 

and endometrial cancers. Our first specific aim is to conduct a systematic review of peer-

reviewed epidemiologic studies that investigated the association between environmental 

exposures and ovarian and/or endometrial cancer risk or mortality. Second, we will 

investigate the association of ambient air pollutants and these cancers within a large, 

geographically spread prospective cohort of nearly 200,000 women. To do this, we will 

combine geospatial methods and regulatory and other data to quantify these exposures 

and evaluate their association with risk as our objective in Aim 2. There is evidence that 

communities of color and those experiencing poverty are exposed to a disproportionate 

burden of ambient air pollutants7-10, possibly contributing to observed cancer disparities. 

Therefore, we will also evaluate these associations separately by race and ethnicity and 

sociodemographic factors. For Aim 3, we will leverage the power of data for over 

150,000 women pooled from two prospective U.S cohorts to investigate the associations 

between carcinogenic industrial air emissions and risk of ovarian and endometrial 

cancers. Lastly, due to evidence of disparities in exposure to these emissions among 

communities of color and those experiencing poverty11-14, we will examine the 

association between ovarian and endometrial cancer and industrial carcinogenic 

emissions by race/ethnicity and sociodemographic factors, if we have enough power.  

Female reproductive cancers begin in a woman’s reproductive organs. The five 

primary types include cancers of the cervix, vagina, vulva, ovaries, and uterus (most 

frequently starting in the endometrium; hereafter referred to as “endometrial cancer”). 

Ovarian and endometrial cancer are understudied with respect to possible environmental 
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etiology. However, the biologic plausibility regarding environmental exposures and 

breast cancer, a similarly estrogen-dependent cancer, has been established in other 

studies15-18. For example, one study found that high levels of serum concentrations of the 

EDC β-hexachlorocyclohexane has been shown to have estrogenic effects and increase 

breast cancer risk (OR:1.18, 95%CI: 1.05–1.34)19. Additionally, exposure to the EDC 

dichlorodiphenyltrichloroethane (DDT), has been shown to have estrogenic effects in 

daughters who’s mothers were exposed to DDT while they were in utero and increase 

breast cancer risk (OR: 3.7, 95%CI: 1.5–9.0)20.  Lastly, one study found that lifetime 

exposure to chloroform, a cytotoxic water contaminant, was associated with breast cancer 

(OR:1.47 (95%CI :1.05-2.06) for the highest vs. lowest quartile (> 24.3 μg/L vs. ≤7.6 

μg/L))21.   

Furthermore, there are plausible mechanistic pathways by which environmental 

chemicals may be involved in the etiology of ovarian and endometrial cancer. For 

example, studies have already shown that exposure to EDCs can promote DNA 

instability as well as ovarian and endometrial cancer cell growth 22,23. Additionally, 

disinfection byproducts (DBPs), commonly occurring contaminants in treated drinking 

water, have been shown to exhibit estrogenic activities by directly disrupting interactions 

between estrogen and their receptors24 as well as cytotoxic activities by altering the cell 

integrity with and without DNA damage24,25.  Lastly, studies have also found that 

individuals with elevated levels of genotoxicity biomarkers (e.g., DNA methylation, 

chromosome aberrations, etc.) associated with traffic-related air pollutants such as PM2.5 

have an increased risk of cancer26,27.  
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Ovarian Cancer 

In the United States, ovarian cancer is the second most diagnosed gynecological 

malignancy, eleventh most diagnosed cancer overall, and the sixth most common cause 

of cancer death among women28. Ovarian cancers arise predominantly from epithelial 

cells and can also arise from stromal and germ cells. Epithelial ovarian cancer, which 

accounts for 90% of cancers of the ovaries fallopian tubes, and peritoneum29, is derived 

from cells that cover the outer surface of the ovary and includes several histologic 

subtypes that have distinct pathways of tumor development and prognosis30. The 

histologic subtypes are divided into two broad categories with distinct cells of origin 

ranging from ovarian epithelium to the distal end of the fallopian tube: Type I and Type 

II carcinomas. Type I includes endometroid, clear cell, mucinous, and low-grade serous 

carcinomas. Type II only includes high-grade serous carcinoma31. Approximately 70% of 

ovarian cancers are high-grade serous carcinoma which is more aggressive than other 

histologic subtypes and has the lowest survival rates32. Of the high-grade serous cancers, 

82.9% are ovarian cancer, 6.4% are fallopian tube cancer, and 10.7% are peritoneal 

(cancer formed in the peritoneal layers of the abdominal cavity)29.  

Ovarian cancer is challenging to diagnose in early stages due to a variety of 

factors including the lack of a definitive screening tool and relatively vague symptoms 

that can masquerade as other, non-malignant conditions. There are known modifiable risk 

factors for this cancer including use of menopausal hormone therapy (estrogen alone or 

combined with progestin) as well reproductive factors such as younger age at menarche, 

all of which increase ovarian cancer risk. Additionally, oral contraceptive (OC) use has 

been shown to decrease ovarian cancer risk33,34 and, more recently, increased use of 
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perineal talc powder has been shown to increase ovarian cancer risk35,36.  Family history 

of ovarian cancer has also been shown to increase ones risk two-to-three-fold32 and other 

hereditary factors such as mutations in the BRCA genes increase the lifetime risk for 

developing ovarian, fallopian tube, and primary peritoneal cancers37. There is also 

variation in ovarian cancer risk factors by histologic subtype, with higher parity most 

strongly associated with clear cell and endometrioid carcinomas and smoking associated 

with an increased risk of mucinous tumors38. For example, one study found that oral 

contraceptive use (10 years of use versus never used) was associated with reduced risk of 

serous tumors, while older age at menopause (55 versus 48 years old) was only 

associated with risk in endometrioid and clear cell tumors39.  

Unilateral oophorectomy (removal of one ovary) has also been shown to a 30% 

decrease in ovarian cancer risk in comparison to women with both ovaries intact40. 

Further, women who have had a bilateral oophorectomy (removal of both ovaries), are no 

longer considered at risk for ovarian cancer and this procedure has been shown to 

significantly decrease the incidence of and mortality from ovarian cancer41. However, 

while oophorectomy rates have not been well-characterized nationally, there is evidence 

of racial differences in bilateral oophorectomy rates in the U.S. One recent population-

based study indicated higher prevalence of bilateral oophorectomies among Non-

Hispanic White women (11.2%) compared to Non-Hispanic Black women (9.0%) and 

Hispanic women (6.1%) aged 20-84 years old during 2010-201542.  

Ovarian cancer is one of the most fatal gynecologic cancers and there are several 

challenges for treatment and survivorship. Most of these malignancies are treated via 

chemotherapy37. Additionally, although the overall five-year cause-specific survival rate 
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for ovarian cancer is 47.4%43, this also varies greatly by race and ethnicity. For serous 

carcinoma, the 5-year survival rate ranges between 47-48% among NHW, Asian Pacific 

Islander (API), and Hispanic women, but is more than 10% lower (36%) among NHB 

women44.  These disparities may be accounted for in part due to differences in factors 

related to access to care (e.g., social determinants of health), lifestyle factors (e.g., BMI 

and smoking status), as well as age and stage at diagnosis45. It is also possible that 

inequitable exposures to environmental hazards, which have been linked to increased risk 

of multiple other cancers46, may contribute to these ovarian cancer disparities. 

Endometrial Cancer  

Endometrial cancer is the most common gynecological cancer diagnosed, fourth 

most common cancer diagnosed overall, and fifth most common cause of cancer death 

among women in the United States28. Historically endometrial cancer has been defined 

according to two broad groups, Type I and Type II. The majority of endometrial cancers 

(80-85%) are Type I tumors, including low grade endometrioid adenocarcinomas 

histologic subtypes, which haves relatively good prognosis47.  The remainder of 

endometrial cancers are comprised of Type II tumors, which include high-grade 

endometrioid and non-endometrioid tumors such as serous and clear cell histologic 

subtypes and are considered to be more aggressive have poorer prognosis than Type I 

tumors48. Endometrial cancer incidence also varies by histologic subtype, with 

endometrioid and non-endometrioid carcinomas having the highest and second highest 

incidence out of all the subtypes, respectively49. There are also differences by subtype 

incidence by race, with non-Hispanic Black women having approximately three times 

more incidence of serous carcinoma, an aggressive subtype, than non-Hispanic White 
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women (9.1 vs. 3.0 respectively)50.  Endometrial cancer, particularly early stage 

endometrioid tumors, is typically treated with hysterectomy (removal of the uterus)  

alone and with radiotherapy for higher grade tumors51. Whereas more advanced disease 

and high risk histologies (e.g., serous tumors) are likely to be treated surgically via 

hysterectomy along with adjuvant therapies and/or radiotherapy51.  

Risk factors for endometrial cancer differ by type. Type I tumors are associated 

with unopposed estrogen and major risk factors including increasing BMI52,53 Type II 

tumors are predominantly serous carcinomas and carcinosarcomas and have poorer 

prognosis than Type I tumors, making up 40% of endometrial deaths while accounting 

for 10-20% of cases, and are considered to be less dependent on estrogen52. 

Approximately 57% of endometrial cancer cases in the United States are thought to be 

attributable to obesity53, primarily with endometrioid adenocarcinomas, and to a lesser 

extent, with non-endometrioid (Type II) subtypes54. This is due to a variety of factors 

associated with obesity including but not limited to hormonal imbalances and chronic 

inflammation that can promote cancer cell proliferation and alterations in hormone levels, 

respectively54,55.  

Currently, there is no population-based screening for endometrial cancer. Current 

recommendations include diagnostic workup with transvaginal ultrasound and 

endometrial biopsy for women presenting with symptoms (most commonly, 

postmenopausal bleeding). Transvaginal ultrasound is often used as a first-line test to rule 

out cancer among women with a thin endometrial strip (≤4mm); however, evidence 

suggest that this threshold may be less sensitive for non-endometrioid tumors56. Other 

methods, like pap smears, have been shown to have limited accuracy for the diagnosis of 
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endometrial cancer among women who are asymptomatic57,58.  The incidence of non-

endometrioid subtypes is rising among women overall as well as non-Hispanic Black 

women, and accounts for a disproportionate number of endometrial cancer deaths59. 

However, survival rates differ by various risk factors including educational attainment, 

SES, and race and ethnicity. For example, non-Hispanic Black women have a 5-year 

survival rate of 64% compared to 86% for Non-Hispanic White women60.  Additionally, 

one study found that women with 4.2 years longer educational attainment was associated 

with a 38% decrease in risk of endometrial cancer (OR: 0.72, 95%CI: 0.62 – 0.83)61. 

Disparities in healthcare access and socioeconomic deprivation have also been shown to 

contribute to endometrial cancer survival disparities. For example, one study found that 

women with advanced endometrial cancer were 20% less likely to receive standard-of-

care treatment compared to those with private insurance (OR: 0.80, P<0.001)62 and 

another study found that Hispanic women in low SES neighborhoods had a 36% increase 

in endometrial-specific mortality (HR: 1.36, 95%CI: 1.04–1.78)63.   

Environmental Risk Factors 

Most of the research on risk factors for ovarian and endometrial cancers has 

focused on exposure to exogenous and endogenous hormones such as hormone 

replacement therapy and use of oral contraceptives3,4,64 rather than exposure to known 

endocrine disrupting and/or carcinogenic chemicals in the environment. A small number 

of recent studies have suggested that exposure to drinking water contaminants65-68, 

ambient air pollution69,70, industrial emissions71, and light at night72 may contribute to the 

risk of these cancers.  

 Ambient air pollutants including nitrogen dioxide (NO2)
73,74 and particulate 
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matter <2.5 (PM2.5)
75,76 have been shown to increase ovarian cancer risk or mortality in a 

small number of studies, most of which have been of ecologic design. Outdoor air 

pollution is classified by the International Agency for Research on Cancer (IARC) as a 

known human carcinogen, primarily based on evidence that exposure causes lung 

cancer77. However, while the mechanisms of carcinogenicity for air pollutants are not 

fully understood, exposure promotes inflammation and oxidative stress and DNA damage 

throughout the body including endocrine disruption,75 supporting the biologic plausibility 

for many cancers. Drinking water contaminants including atrazine78, nitrate-nitrogen 

(NO3-N)67, and disinfection by-products including total trihalomethanes (TTHM)67 have 

also been associated with ovarian cancer risk. IARC has classified each of these 

contaminants as Group 3 (not classifiable)79, Group 2A (probable carcinogen)79, and 2B 

(possible carcinogen)80, respectively. There is also limited evidence that living in 

proximity to industrial sources including but not limited to pulp and paper products81, 

urban waste-water treatment71s, and mining and milling of blue (i.e., crocidolite) 

asbestos, a known human carcinogen,82 may increase the risk of developing or dying 

from this malignancy.  

 Evidence for the association between endometrial cancer and environmental 

exposures also includes studies of air pollution, drinking water contaminants, and 

pesticides. A recent case-control study found that short term exposure to the highest 

concentrations of air pollution (PM2.5, carbon monoxide (CO), ozone (O3), and sulfur 

dioxide (SO2)) at the residence and workplace were associated with a diagnosis of 

endometrial cancer83. Another study in Japan of cross-sectional design found that higher 

PM2.5 levels were correlated with increased endometrial cancer mortality rates76. High 
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levels of disinfection byproducts (TTHM and the sum of five haloacetic acids (HAA5)) 

and NO3-N in drinking water were associated with endometrial cancer risk in a 

prospective cohort in the midwestern U.S.65. A small number of investigations have also 

linked exposure to known EDCs with increased endometrial cancer risk, including case-

control studies of urinary measures of dibutyl phthalate and mono-n-butyl phthalate84 and 

alkylphenols85, and  dietary cadmium in a prospective cohort86.  

Research Aims  

This work aims to: 

1. Assess the current state of epidemiologic research on environmental exposures 

and ovarian and endometrial cancers by synthesizing the scientific evidence of 

these associations to date and identifying research gaps.   

2. Test the hypothesis that exposure to ambient air pollutants increases the risk of 

developing ovarian and endometrial cancers and evaluate whether these 

relationships vary by geographic region, BMI, neighborhood-level socio-

structural factors, and cancer subtype in a cohort study.  

3. Test the hypothesis that exposure to carcinogenic industrial emissions increases 

the risk of developing ovarian and endometrial cancers and evaluate whether 

these relationships vary by geographic region, BMI, and cancer subtype in a 

pooled cohort.  

Significance of the Research  

Environmental risk factors for ovarian and endometrial cancers are biologically 

plausible through several diverse mechanisms but have not been well studied.  

Further, the epidemiologic evidence considered in IARC review of the carcinogenicity of 
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many chemicals most often comes from studies in occupational populations, in which 

women are less well represented87. Additionally, although this dissertation is primarily 

focused on cancer incidence, it is important to note that depending on the stage and 

histologic subtype of the cancer, cancer survivors may be more vulnerable to the toxic 

effects of exposure to outdoor air pollutants such as PM2.5 and NO2, which in addition to 

being carcinogenic88, are also established risk factors for respiratory89 and cardiovascular 

diseases90. A systematic review would provide an important synthesis of the state of the 

epidemiologic literature on environmental exposures and these two cancers, as well as 

identify research gaps to motivate future work. Our planned analyses to evaluate risk 

associations with ubiquitous ambient air pollutants as well as with widespread, industrial 

point source air emissions will also add robust new data to this emerging literature.  

Additionally, non-environmental factors may act as effect modifiers in the 

relationship between environmental risk factors and ovarian and endometrial cancer risk.  

Obesity, for example, is an established risk factor for endometrial cancer 47 and 

associated with, albeit more modestly, ovarian cancer32. Notably, adipose tissue serves as 

a reservoir for lipophilic environmental contaminants, including constituents of PM2.5 

such as polycyclic aromatic hydrocarbons, which have been linked to carcinogenesis at 

multiple tumor sites91. Therefore, individuals with higher BMI may have a higher burden 

of exposure to lipophilic environmental contaminants and/or be more vulnerable to the 

effects of the exposure. Individuals of low socioeconomic status (SES) in the U.S. also 

bear a disproportionately greater burden of these hazardous environmental exposures14, 

which is hypothesized to be a driver of some disparities in the incidence of some cancers 

observed between SES groups.Additionally, given the high fatality rate for ovarian 
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cancer and the aggressive nature of certain endometrial cancer subtypes, investigating 

understudied risk factors, particularly environmental exposures, could provide important 

context for prevention of these malignancies . Thus, our evaluation of the interaction 

between environmental pollutants, BMI, and neighborhood level socio-structural factors 

will extend this etiologic research into an intersectional framework that considers how 

multiple factors may act together to contribute to the risk of these cancers.  

Overall, this work will help elucidate the role that environmental pollutants play 

in the etiology of ovarian and endometrial cancers, adding to the extremely limited 

research of these relationships, and has the potential to uncover determinants of 

disparities that could be amenable to interventions and/or policy changes.  
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Chapter 2: Epidemiologic research on environmental exposures and ovarian and 

endometrial cancers: A Systematic Review and Meta-Analysis 

 

 

INTRODUCTION 

Endometrial and ovarian cancers are the number one and number two most 

commonly diagnosed gynecologic cancers among women in the U.S., respectively1. 

Research on these malignancies has primarily focused on modifiable risk factors 

including body mass index and exposure to exogenous and endogenous hormones, 

particularly unopposed estrogen3,4,64. However, emerging evidence suggests that 

environmental exposures may play a role in their incidence and survival. Some air 

pollutants and a number of other environmental chemicals have been recognized as 

endocrine disruptors92. Endocrine disrupting chemicals have the ability to alter the 

function of the endocrine system including estrogen signaling pathways, posing a risk to 

estrogen-dependent malignancies such as ovarian and endometrial cancers93.  Exposure to 

disinfection byproducts (DBPs), commonly occurring contaminants in treated drinking 

water, have been shown to exhibit estrogenic activities by directly disrupting interactions 

between estrogen and their receptors24 as well as cytotoxic activity by altering cell 

integrity with and without DNA damage24,25. DBPs have been linked to the risk of several 

cancers, most consistently for the urinary bladder9, and with the risk of endometrial 

cancer in a single epidemiologic study65,94. Multiple studies have also found links 

between exposure to endocrine disrupting components of traffic-related air pollution such 

as fine particulate matter (PM <2.5 µm) and the risk of breast cancer, but studies of other 

female cancers are comparatively sparse.  
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While the literature on environmental risk factors on endometrial and ovarian 

cancers is growing, to our knowledge, there has been limited synthesis of these 

associations to date, apart from one recent systematic review of outdoor air pollution and 

ovarian cancer5. That review found that all but one of the 15 included studies reported a 

positive association between air pollutants (including but not limited to PM, NO2, 

asbestos, volatile organic compounds), and/or air pollutant mixtures. Notably, most of 

these investigations were of ecologic design, and due to the limited number of studies and 

heterogeneity in their design, the authors were unable to conduct a meta-analysis. Links 

between these cancers and a number of other environmental exposures have also been 

suggested. A new review of studies not limited to air pollution and inclusive of a variety 

of environmental hazards would provide an important synthesis of the current state of the 

epidemiologic literature and identify research gaps to motivate future work. To that end, 

we reviewed the published epidemiologic literature regarding associations of ovarian and 

endometrial cancer incidence, mortality, and survival with a broad range of 

environmental exposures, which included dietary exposures but no other lifestyle factors, 

including alcohol and active smoking consumption. We included dietary exposures 

because diet is a major route of exposure for environmental contaminants including but 

not limited to pesticides, heavy metals, and per- and polyfluoroalkyl substances95. 

However, we did not include exposures from personal care products such as perineal talc 

use, as these have been recently reviewed systematically and in pooled analyses with 

respect to both ovarian35,36,96 and endometrial cancers97,98.  

METHODS 

Search strategy and selection criteria   
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Our primary research question was "Is exposure to environmental 

chemicals/agents in adult women associated with the incidence of or mortality from 

ovarian and/or endometrial cancer?". The definition of ‘environmental chemicals/agents’ 

included the following broad categories: ambient air pollutants, drinking water 

contaminants, pesticides, soil and land pollutants, ultraviolet (UV) light and vitamin D, 

endocrine disruptors, and specific chemicals and contaminants such as benzene, sulfur 

dioxide, and haloacetic acids. Our population of interest was adult women over 18 years 

of age. The ideal population at risk are women who did not have hysterectomy or 

oophorectomy before the time of outcome assessment. Our comparators were adult 

women exposed to relatively lower levels of the environmental exposure of interest who 

were compared to humans exposed at higher levels of the environmental exposure of 

interest. Our outcomes of interest included incidence, mortality, and survival of ovarian 

cancer or endometrial cancer; ideally clinically confirmed.  

The study protocol was registered with the Prospective Register of Ongoing 

Systematic Reviews (PROSPERO) (CRD42024539440). We developed this protocol 

using the steps outlined in the Navigation Guide Systematic Review Methodology, which 

was designed to synthesize and evaluate evidence for environmental health while 

maximizing transparency and minimizing bias99.  

 We conducted a search for all relevant published literature in five research 

databases: PubMed/MEDLINE, EMBASE, Cochrane Library, Scopus, and Web of 

Science. We used queries constructed with keywords and controlled vocabulary (e.g., 

MeSH, Emtree) for each outcome (e.g., endometrial cancer, uterine cancer, ovary cancer) 

and environmental exposure of interest. We created keywords for the following 
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environmental exposure categories: general environment (e.g., “environmental 

pollution”, “environmental carcinogen”), air pollution (e.g., “particulate matter”, “traffic-

related air pollution), pesticides (e.g., “herbicides”, “pesticide”) water (e.g., “disinfection 

byproducts”, “water pollutants”), soil and land (e.g., “soil contaminants”, “land 

pollutant”), endocrine disruptors (e.g., “endocrine disrupting chemical”), UV (e.g., 

“ultraviolet ray”), and other (e.g., “petroleum pollution”, “hazardous substance”; Table 1-

1). We also included search terms for specific chemicals (e.g.,  “nitrogen dioxide”,  

“arsenic”, and “asbestos”) within each of their respective environmental exposures 

categories. 

The inclusion criteria were: the exposure is an environmental chemical/agent; the 

outcome is ovarian and/or endometrial cancer incidence, mortality, or survival; the study 

was published between January 1, 1980 and June 6, 2024; the study population included 

female adults 18 years and older; the study design was case-control, cohort, cross-

sectional, or ecologic; and the study was written in English.   

Screening  

Following the literature search, all titles and abstracts were uploaded into the 

systematic review management software, Covidence (Veritas Health Innovation), which 

identified duplicates. Titles and abstracts were screened independently for assessment of 

the eligibility criteria described above by two authors (S.A., P.S.). The full text of studies 

that passed the title and abstract screening were then assessed independently by two 

authors (S.A., C.P.). We excluded from eligibility any studies that described looking at 

gynecological cancer/s but did not report effect estimates independently for each tumor 

site, book chapters and conference abstracts, studies of occupational exposure, and 
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studies that covered multiple exposures in aggregate rather than assessing a specific 

pollutant (e.g., “air pollution” rather than “fine particulate matter”). Any discrepancies 

that arose between the reviewers at each stage of the screening process was resolved 

through discussion with the senior author (R.R.J).  

After completing the full-text review, we conducted citation chaining to ensure all 

relevant studies were captured. We began this process by extracting the references from 

the final set of studies retained during the full-text review. These studies were then 

entered into the Web of Science database using the ‘Cited References Search’ feature, 

where we retrieved the citations. The references were subsequently reintroduced into the 

title and abstract screening and the full-text screening process to identify any additional 

relevant studies that may have been missed in the initial search. An additional search was 

conducted to capture relevant studies published during the four-month period in between 

the initial search in June 2024 and writing of this work (October 2024). The titles and 

abstracts of the studies obtained from the updated search were also reintroduced to the 

title and abstract and full-text screening processes.  

Data Extraction: Descriptive Synthesis and Meta-Analysis 

For the descriptive synthesis, we extracted basic study characteristics from each 

article retained from the full-text screening, including: author(s), publication year, study 

location (state if in the U.S., country only if outside the U.S.), study design, exposure(s) 

assessed (including the resolution at which the exposure was assessed), cancer site(s), and 

whether the study findings were positive, negative (inverse), or null. For the meta-

analysis, we also extracted the measure of association, effect estimate and 95% 

confidence interval, and the measure of disease frequency (incidence or mortality). We 
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did not include studies with survival as the outcome in the meta-analysis because these 

analyses do not account for the time dimension of the cancer diagnosis and have different 

interpretations compared to incidence or mortality studies, which are more applicable to 

understanding disease etiology.  

Risk of Bias and Strength of Studies Included in Meta-Analysis   

Air pollution studies represented one of the most common exposures evaluated in 

our systematic review, therefore, we conducted a meta-analysis of endometrial and 

ovarian cancer incidence and mortality considering available cohort studies of particulate 

matter (PM2.5); although case-control studies would have been eligible for inclusion, 

there were no case-control studies of these associations. We did not consider ecologic or 

cross-sectional studies for the meta-analysis due to the limitations of these studies to 

establish temporality and control for individual and community-level confounders. 

Further, since the most recent published systematic review on ovarian cancer and air 

pollution5, four additional studies have been published70,100-102. To date, no systematic 

review on environmental risk factors and endometrial cancer has been published and no 

meta-analysis of these associations with either cancer have been published.  

First, we evaluated the risk of bias for this subset of studies using a set of criteria 

modified from the Agency for Healthcare Research and Quality’s constructs for 

applicability and strength of evidence that are most relevant indicators of study quality or 

risk of bias in epidemiologic environmental health studies103. These constructs include 

study design, study group representation, outcome assessment, exposure assessment, 

confounding, statistical analysis, and conflict of interest (Table 1-2). To assess the risk of 

bias for each manuscript, the seven constructs were judged on a four-point scale as low 



19 

 

risk (1), probably low risk (2), probably high risk (3), or high risk (4). For example, a 

prospective cohort design is considered optimal and rated as low risk because it allows 

for temporally aligned measurement of PM2.5 and confounders before  ovarian or 

endometrial cancer diagnosis. A study was also rated as low risk if analyses were 

adjusted for all major individual-level risk factors relevant to ovarian or endometrial 

cancer, such as age, smoking status and/or intensity, body mass index, and 

socioeconomic factors and also accounted for co-pollutant exposures. . Conversely, a 

study that did not assess confounding at all in their analysis was rated as high risk (4). For 

each study, the points for each domain were summed to generate an overall risk of bias 

rating. The lowest possible score was seven points with one point for each of the seven 

constructs and was considered a ‘low risk. A study was considered ‘probably low risk’ 

with 9-12 points and ‘probably high risk’ with 13-17 points. The highest possible score 

was 28 (4 points for each of the seven constructs) and considered ‘uninformative’. We 

assumed an initial rating of “probably low risk” for all studies based on the inherent 

limitations of observational data in assessing associations between environmental hazards 

and health outcomes in environmental research104. We also excluded studies that met the 

‘probably high or ‘uninformative’ risk of bias rating in our meta-analysis. Additionally, 

to qualitatively describe the strength of evidence across all the ovarian and endometrial 

cancer PM2.5 studies, we borrowed from the IARC monograph classification scheme, 

which assesses mechanistic, animal, and human epidemiology data to assign an overall 

strength rating of “sufficient evidence of carcinogenicity”, “limited evidence of 

carcinogenicity”, and “inadequate evidence of carcinogenicity”; in this case, focusing 

only on the epidemiologic literature. We a priori defined the strength of evidence to be 



20 

 

“sufficient” if a positive relationship was observed and the studies adequately assessed 

confounding and bias. The overall evidence was considered “limited” if a positive 

association was observed but bias or confounding could not be ruled out with reasonable 

confidence. We considered the overall evidence to be “inadequate” if the data available 

for the environmental exposure or cancer of interest (either ovary or endometrial) was of 

poor quality and the results of the study were inconsistent or otherwise inconclusive.   

Statistical Analyses  

The descriptive characterizations included the number and proportion of studies 

by study design, geographic location, exposure type, cancer type, and findings (e.g., 

positive, negative, and null). For the meta-analysis, we combined incidence and mortality 

for the meta-effect estimates, which assumed that mortality was a reasonable indicator for 

incidence as a measure of disease frequency and because of the small number of studies 

evaluating these associations, which precluded evaluating these outcomes separately. We 

also considered the hazard ratio and odds ratio as equivalent, given the rare disease 

assumption. We extracted and standardized the effect estimates and 95% confidence 

intervals, and converted the effect estimate to a per unit change of 5 micrograms per 

cubic meter increase (µg/m³) in PM2.5 concentration as necessary, by applying the 

following formula: 

 

Studies reported the PM2.5 association per a unit increase ranging from 1 µg/m³ to 10 

µg/m³, all of which were standardized to a 5 µg/m³ increase. One study100 presented the 

results in quartiles, which we first transformed into a continuous result using the exposure 
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contrast in the study population. To do this, we estimated the difference between the 

midpoint of the range within each of the bottom and top quartiles (i.e., quartile 1 versus 

quartile 4) as the unit change (7.84 µg/m³), then converting that value to a per 5 µg/m³ as 

described above. We also converted the estimate from one population-based study105 that 

presented an absolute risk to a relative risk by dividing the absolute increase in 

endometrial cancer in the study by the risk of endometrial cancer in the general U.S. 

population106, and expressing the relative risk per 5 µg/m³. We utilized R software 

Version 4.4.2, to conduct meta regressions for ovarian and endometrial cancer 

(separately), using random effects models with the DerSimonian-Laird method to obtain 

a summary estimate of the HRs per 5 µg/m³ increase, accounting for the heterogeneity 

among studies. Heterogeneity between studies was evaluated through the Cochran’s Q 

test statistic (with p<0.05 as the threshold for statistical significance), which follows a 

Chi-square distribution, and the I2 statistic. We also generated funnel plots to visually 

evaluate potential publication bias. Additionally, since there is expected heterogeneity in 

the relationship between PM2.5 and ovarian and/or endometrial cancer by geographic 

region69,70 and simultaneous exposure to other air pollutants101, we evaluated how robust 

the meta-estimates were to these influential characteristics with separate analyses only 

among studies conducted in U.S. and those that mutually adjusted for other air pollutants. 

We found some funnel plot asymmetry for studies of ovarian cancer, although all studies 

fell within the 95% confidence interval, indicating limited evidence of publication bias 

(Figure 1-4). For endometrial cancer, we additionally conducted meta-regression analyses 

after excluding one study based on the funnel plot (Figure 1-6).  

RESULTS 
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Literature Search and Study Selection 

Our initial search yielded 9,793 studies, of which 2,759 were duplicates, yielding 

7,034 papers for title and abstract screening due to our broad and comprehensive search 

strategy. After screening, 6,843 irrelevant citations were excluded, including many animal 

studies. Thus, 191 studies remained for the full text review. Papers excluded in the 

evaluation of the full text included a book chapter (n=1), a study design other than case-

control, cross-sectional, ecological, or cohort (n=23), non-English language papers (n=5), 

occupational studies (n=8), conference abstracts (n=8), no risk estimates for associations 

presented separately for ovarian and endometrial tumors (n=10), and a lack of a specific 

environmental exposure assessed (n=11; Figure 1-1). After this process, a total of 125 

studies were included in the systematic review (Table 1-3).  

Of the 125 studies, over half were focused on ovarian cancer only (N=72; 58%), 

30 (24%) focused on endometrial cancer only, and 23 (18%) evaluated both tumor sites. 

Cohort studies were the most represented design (N=53; 42%), while 37 (30%) were 

ecological, 33 (26%) were case-control (including four nested case-control studies), and 2 

(2%) were cross-sectional studies. There were over 22 countries from 5 continents 

represented, with nearly half of the included studies conducted in the U.S. (N=60; 48%; 

Table 1-4). The environmental exposures most represented in our review were outdoor 

air pollution (N=21; 17%) and dietary intake (N=21; 17%), followed by ultraviolet (UV) 

light (N=19; 15%), and pesticides (N=13; 10%; Figure 1-2). There were a smaller 

number of studies in the literature that evaluated exposure to industrial emissions, 

including dioxins, and metals such as cadmium. In addition, one study of sunlight 

exposure measured self-reported sun habits including use of sun beds and sunbathing107. 
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Approximately 74% (N=53) of ovarian cancer-only and 60% (N=33) of endometrial 

cancer-only studies were published after 2009. The modes of exposures assessment were 

as wide ranging as the types of environmental exposures, and included estimates from 

predictive models, measurements in blood, urine, and/or serum, derived estimates from 

satellite measurements, and self-reported information. Air pollution studies, for example, 

assessed exposure from regulatory sources including the U.S. Environmental Protection 

Agency (EPA) or other ambient monitoring and spatiotemporal models.   

All six studies that were evaluated for inclusion in the meta-analyses of PM2.5, 

ovarian cancer, and/or endometrial cancer were published after 2020. Five 

studies69,70,100,105,108 were conducted in the United States and one study101 was conducted 

in China. Of the four studies included in the ovarian cancer meta-analysis, two 

studies70,101 mutually adjusted for NO2 and ozone (O3) in the risk models, three  

studies70,100,101 assessed PM2.5 exposure at a spatial resolution of 1 x 1km based on 

participants’ residential address, zip code or census tract, and one study108 assessed PM2.5 

exposure at the census tract level (Table 1-5). Of the four studies included in the 

endometrial cancer meta-analysis, three studies69,105 mutually adjusted for NO2 in the risk 

models, two studies69,105 assessed PM2.5 exposure at a spatial resolution of 1 x 1km based 

on participants’ residential address, zip code or census tract, and one study108 assessed 

PM2.5 exposure at the census tract level (Table 1-6).   

Risk of Bias within Studies and Strength of Evidence  

 Of the six studies of the association with PM2.5 evaluated for the risk of bias, all 

six were rated “low” or “probably low” risk of overall study bias (Table 1-7). All studies 

were either a retrospective or prospective cohort design. Most studies (n=7) had large 
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numbers of cancer cases (>500) and were rated as having sufficient study population 

representation that covered a diverse geographic area of interest. All studies disclosed 

that they were free from support from individual or entity having financial interest in the 

outcome of the study, thus all studies received a ‘low risk’ rating for the conflict-of-

interest construct. Cancer outcomes were ascertained from state or country cancer 

registries for most studies (n=6) except for two 69,70, which relied on self-reported cancer 

diagnoses that were confirmed with medical records. Most of the U.S.-based studies 

(n=5) assessed exposure at the participants’ residential addresses based on data from 

EPA’s regulatory monitoring network, thus minimizing the risk of exposure 

misclassification. Most studies (n=6) included relevant confounders in their models and 

had a rating of ‘low risk’ for this construct. However, one study76 adjusted only for age 

and another102 did not include individual demographic confounders in their models 

(although they adjusted for spatial and temporal variables, seasonal temperatures, relative 

humidity, and gross domestic product), so they both were given a ‘probably high risk’ 

rating for this construct.  We included studies in the meta-regression that were “low” or 

“probable low” risk and all six studies met this criterion.  

Results of Individual Studies included in the meta-analysis  

Of the studies included in the ovarian cancer meta-analysis, three 

studies70,100,101,108 reported the hazard ratio as the measure of association, and one study 

of prevalent cancers100 reported the odds ratio. Additionally, three studies70,100,101 

included in the meta-analysis evaluated incidence as the outcome, while one108 evaluated 

mortality. Three of the four ovarian cancer studies included in the meta-analysis found a 

positive relationship with PM2.5 exposure100,101,108, and the association was statistically 
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significant in two100,101. Among studies included in the endometrial cancer meta-analysis, 

two studies100,108 observed positive associations with PM2.5, while the other two69,105 

found no relationship. Two studies69,70 excluded women who had a hysterectomy or 

oophorectomy before enrollment and also censored women who had the procedure during 

the follow-up period.  

Meta analysis results  

The meta-estimate for the association between PM2.5 exposure and ovarian cancer 

was overall positive and statistically significant (HRmeta per 5 µg/m3= 1.14 (95%CI=1.06-

1.23; Figure 1-3). When limited to the three U.S.-based studies, the meta-association was 

marginally weaker (HRmeta per 5 µg/m3=1.10, 95%CI=1.00-1.22). Among studies that 

mutually adjusted for NO2 or O3, the association was somewhat strengthened (HR per 5 

µg/m3=1.19, 95%CI=1.05-1.35).  We found low heterogeneity between studies based on 

the I2 value (<25%) and Cochran’s Q statistic, although the interpretation of these 

statistics is limited given the small number of studies.  

The meta-estimate for endometrial cancer was of similar magnitude of that for 

ovarian cancer HRmeta=1.19 (95%CI=1.07-1.33; Figure 1-5). We also found that co-

pollutant adjustment reduced the effect to the null (HRmeta per 5 µg/m3=0.89, 

95%CI=0.55, 1.42).  However, when we dropped one study105 that appeared to be 

influential based on the funnel plot (Figure 1-6), the meta-estimate was similar to the 

overall. We found no evidence of heterogeneity between studies. 

DISCUSSION 

To our knowledge, this is the largest review of epidemiologic studies of non-

lifestyle environmental exposures and endometrial and ovarian cancers. Given that this is 
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an understudied research topic, we used a broad search strategy to be comprehensive in 

capturing relevant studies with a wide representation of environmental exposures from 

diverse sources and with potential to expose human populations via various pathways, 

including air, water, and diet. As a result of casting this wide net, our search initially 

yielded 7,034 studies, of which we ultimately excluded 97% (N=6,843) in the title and 

abstract screening process; these were primarily animal and occupational studies.  

Outdoor air pollution reflected the most studied exposure apart from diet in the 

final set of published papers. Other exposures were varied and reflected chemical and 

other exposures from across the ambient environment (e.g., industrial pollutants, 

pesticides, UV light) and in drinking water with exposure assessed through various 

means. We found that the overall literature was disproportionately represented by studies 

of ovarian cancer and of cohort design. Studies were primarily conducted primarily in 

Europe and North America, with the greatest proportion conducted within the U.S. We 

found a notable dearth of studies from South America and Africa, which is important 

given what is known about common environmental exposures in these settings109-113. For 

example, Brazil is one of the biggest pesticide consumers in the world and several studies 

have found that organophosphate residue, a key component of herbicides and 

insecticides, often exceed the maximum residue limit, posing long-term health risks114,115. 

A number of pesticides are established carcinogens, and some have been linked to risk of 

ovarian cancer following occupational exposure116,117. Several studies lumped these two 

cancers under a combined group of ‘gynecologic malignancies’ or similar classification 

without clarifying associations for the specific cancer sites, which led us to exclude these 

studies from consideration for summary and/or meta-analysis. We expect that combining 
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tumor sites in this way was likely done to improve statistical power, but it limited our 

descriptive characterization and impeded potential understanding of etiologic 

relationships. We recommend that future studies should consider the tradeoff between 

power and meaningful inference in making the choice to combine cancer sites.  

It is interesting that studies of endometrial cancer were not as well represented in 

this literature, given that it is the most diagnosed gynecologic malignancy among women 

in developed countries118. We speculate that because risk factors for this cancer, or at least 

the major histologic type, endometrioid adenocarcinoma, are fairly well-established (e.g., 

obesity, endogenous estrogens)47, that there has historically been less motivation for 

investigating exogenous environmental exposures in their development. However, rates 

of this cancer have been increasing in the U.S. over time, and particularly the aggressive, 

high-risk non-endometrioid subtypes for which Black women bear a disproportionate 

burden49,119, and increasing incidence has also been observed in Europe120. This may 

explain why most of the studies we found on endometrial cancer were published in the 

last decade or so, perhaps reflecting more recent interest in the investigation of novel risk 

factors. In contrast, although ovarian cancer is associated with relatively poor prognosis 

and approximately 25% of cases attributed to inherited genetic factors121, its non-genetic 

risk factors remain less well understood. This lack of knowledge about the disease 

etiology underscores the public health motivation to identify potential causes of this 

relatively rare gynecologic malignancy with poor survival122, and may be one reason we 

found more relatively more studies for ovarian cancer in our review. 

The six studies of PM2.5 ultimately included in the meta-analysis reflected the 

overall literature we found, in that these studies were predominantly U.S.-based and of 
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cohort design. The geographic representation of these studies also mirrors much of the air 

pollution literature for other tumor sites, most of which has similarly been conducted in 

developed countries123-125. All studies included in meta-analyses were rated as probably 

low risk, although the most notable deficits were in exposure and the statistical analysis 

constructs. One key finding from the ovarian cancer meta-analysis was that the meta 

estimate strengthened with co-pollutant adjustment, which underscores the need for 

accounting for potential confounding by simultaneous exposures to other pollutants in the 

mixture. Depending on the pollutant under study, co-adjustment for individual 

constituents in risk models may mitigate confounding, avoid misleading effect estimates, 

and better reflect real-world exposure scenarios126-128.  

We observed some heterogeneity in the approaches to exposure assessment across 

studies. Most studies69,70,100,108 modeled estimates at the residential address centered on 

PM2.5 concentrations using data from regulatory monitoring sites, developed from 

spatiotemporal and random forest models. Other studies used area-based exposures, 

including concentrations estimated at the census-tract and ZIP-code level. The positive 

relationship between PM2.5 exposure and ovarian cancer in the meta-analysis was 

somewhat weaker when limited to U.S.-based studies. This could be explained by the 

exclusion of the single Asian study, for which the magnitude of association was the 

greatest across all studies. However, the chemical constituency of PM2.5 is widely varying 

between the U.S. and other parts of the world due to the diversity of its sources. For 

instance, the predominant component of PM2.5 in China is sulfate due to the extensive use 

of coal burning for fuel there129; whereas in the U.S., the sulfate component is 

predominant in the Northeastern states, where coal burning is most common130. 
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Therefore, it is possible that the weaker ovarian cancer association in the U.S. studies is 

reflective of different distributions of the chemical makeup of PM2.5 between the U.S. and 

China. Conversely, all the studies of endometrial cancer were conducted in U.S. study 

populations and were inclusive of data from all 50 states. This limits our ability to make 

geographic comparisons in the findings for this cancer, but also speaks to the need for 

more studies of this specific association in populations outside of the U.S.  

Although the meta-regression findings were compelling, given the small number 

of studies included, we consider the overall epidemiologic evidence of these relationships 

(associations between PM2.5 and risk of ovarian and endometrial cancers, respectively) to-

date to be “limited”. This determination was made specifically because of the evidence of 

the impact of co-pollutant adjustment, particularly on the relationship with ovarian 

cancer, which indicates that uncontrolled confounding could not be ruled out with 

reasonable confidence. 

Strengths and Limitations 

One strength of this review is that it was comprehensive and inclusive of a large 

variety of environmental exposures including air pollution and water contaminants as 

well as dietary exposures. Additionally, we used rigorous and reproducible methodology, 

including a second reviewer for title and abstract screening, by following the Navigation 

Guide Systematic Review protocol, which specifically focuses on the synthesis of 

environmental health research including but not limited to utilizing the PECO statement, 

systematic search, study selection, and data analysis and extraction99.  While we aimed to 

be thorough in the search, it is possible that there were some key words not included that 
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led to the omission of studies. We addressed this issue by conducting citation chaining to 

capture additional studies potentially missed in the initial search. 

Importantly, our meta-analysis included only six studies, which led to low power 

for tests of heterogeneity and the evaluation of potential publication bias via funnel plots. 

We also analyzed each cancer separately, but combined mortality and incidence 

outcomes. We expect this to not impacted the results substantially for ovarian cancer, as. 

It is mortality likely is a reasonable indicator for incidence of ovarian cancer to a greater 

extent than for endometrial cancer131. Future studies may aim to address this limitation 

for evaluations of etiological associations with endometrial cancer by limiting to analyses 

of incident cancers only limiting to analyses of incident cancers only. Studies in the meta-

analyses also covered different time periods of exposure and outcome assessment, for 

which we expect the primary impact was varying power across studies. We note that only 

two of the six studies accounted for oophorectomy or hysterectomy. If the populations at 

risk of these cancers were overestimated as a result, this potentially led to those studies 

underestimating the true PM2.5 association. It will be important for future studies to 

account for these factors appropriately in their analyses to the extent possible.  

CONCLUSION 

This systematic review of the evidence of non-lifestyle environmental exposures 

and ovarian and endometrial cancers provides an important synthesis of the state of the 

epidemiologic literature. We discovered several gaps in the research to-date including 

relatively fewer studies of endometrial cancer, those conducted outside the U.S., and of 

exposures other than outdoor air pollution or dietary factors. The number of studies of 

any other potential environmental risk factors were too few to draw meaningful synthesis, 
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and additional studies will be critical to building the evidence base in support of these 

many plausible relationships. The notable recency of this literature speaks to growing 

interest in the topic and signifies the potential for more quantitative summary of 

relationships with specific environmental exposures in the future. Although our meta-

analyses of PM2.5 and these cancers were based on a small number of eligible studies, and 

our findings should therefore be interpreted cautiously, we found that the positive meta-

association for ovarian cancer was robust. Further research on this specific relationship 

should include more studies outside of Europe and North America, include more 

investigations of endometrial cancer, and incorporate assessment of exposure to co-

pollutants. 
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Table 1-1. Final search terms for the systematic review of environmental exposures and ovarian and endometrial cancers   

Environmental 

Exposure 

Categories 

Search Terms 

reproductive/ 

gynecological 

cancer 

"gynecologic neoplas*"[tiab] or "gynaecologic neoplas*"[tiab] or "gynecological neoplas*"[tiab] or "gynaecological neoplas*"[tiab] or 

"gynecologic carcin*"[tiab] or "gynaecologic carcin*"[tiab] or "gynecological carcin*"[tiab] or "gynaecological carcin*"[tiab] or 

"gynecologic cancer*"[tiab] or "gynaecologic cancer*"[tiab] or "gynecological cancer*"[tiab] or "female reproductive cancer*"[tiab] or 

"gynaecological cancer*"[tiab] or "genital neoplasms, female"[mesh:noexp] 

ovarian cancer "ovarian neoplasms"[mesh] or "ovarian neoplas*"[tiab] or "neoplasm of the ovary"[tiab] or "neoplasm of the ovaries"[tiab] or "ovarian 

carcin*"[tiab] or "carcinoma of the ovary"[tiab] or "ovarian cancer*"[tiab] or "cancer of the ovary"[tiab] 

endometrial 

cancer 

"endometrial neoplasms"[mesh] or "endometrial neoplas*"[tiab] or "neoplasm of the endometrium"[tiab] or "endometrial carcin*"[tiab] 

or "carcinoma of the endometrium"[tiab] or "endometrial cancer*"[tiab] or "cancer of the endometrium"[tiab]  

uterine cancer "uterine neoplasms" [mesh] or "uterine neoplas*"[tiab] or "uterine carcin*"[tiab] or "uterine cancer*" [tiab] or "uterine corpus"[tiab] 

general 

environment 

and "environmental pollution"[mesh:noexp] or "environmental exposure"[mesh] or "environmental pollutants"[mesh] or "carcinogens, 

environmental"[mesh] or "environmental pollut*"[tiab] or "environmental contaminant*"[tiab] or "environmental exposure"[tiab:~2] or 

"environmental exposures"[tiab:~2] or "environmentally exposure"[tiab:~2] or "environmentally exposures"[tiab:~2] or 

"environmentally exposed"[tiab:~2] or "environmental contamina*"[tiab] or "environmental decontamina*"[tiab] or "environmentally 

contamina*"[tiab] or "contaminated environment*"[tiab] or "environment carcinogen"[tiab:~2] or "environment carcinogens"[tiab:~2] or 

"environmental carcinogen"[tiab:~2] or "environmental carcinogens"[tiab:~2] or "carcinogens, environmental"[pa] or "environmental 

pollutants"[pa] 

air 

and "air pollution"[mesh] or "petroleum pollution"[mesh] or "traffic-related pollution"[mesh] or "air pollutants"[pa] or "air pollut*"[tiab] 

or "air contamina*"[tiab] or "particulate*"[tiab] or "aerosol particle*"[tiab] or "aerosolized particle*"[tiab] or "aerosolized 

particle*"[tiab] or "aerosol dust"[tiab] or "aerosolized dust"[tiab] or "aerosolized dust"[tiab:~0] or "inhalable" [tiab]  or "respirable" 

[tiab]   or "particulate matter" [tiab] or "pm2.5" [tiab] or "pm10" [tiab] or "ozone" [tiab] or "nitrogen oxide*" [tiab] or "nitrogen 

dioxide*" [tiab] or "no2" [tiab] or "sulfur oxide*" [tiab] or "sulfur dioxide*" [tiab] or "so2" [tiab] or "carbon monoxide*" [tiab] or "lead" 

[tiab] or "outdoor air pollution" [tiab] or "ambient air pollution" [tiab]  

uv 

("ultraviolet rays"[mesh] or "ultraviolet ray*"[tiab] or "ultra-violet ray*"[tiab] or "uv ray*"[tiab] or "ultraviolet light*"[tiab] or "ultra-

violet light*"[tiab] or "uv light*"[tiab] or "ultraviolet radiat*"[tiab] or "ultra-violet radiat*"[tiab] or "uv radiat*"[tiab] or "ultraviolet 

expos*"[tiab] or "ultra-violet expos*"[tiab] or "uv expos*"[tiab] or "nonioni* radiat*"[tiab] or "non-ioni* radiat*"[tiab] or "uv 
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index"[tiab] or "sun expos*"[tiab] or "sunlight expos*"[tiab] or "solar expos*"[tiab] or "sun radiat*"[tiab] or "sunlight radiat*"[tiab] or 

"solar radiat*"[tiab] or "solar uvr"[tiab]) 

pesticides 
"pesticides"[mesh] or "fungicides, industrial" [mesh] or "organic pollutant*" [tiab] or "herbicides" [pa] or "insecticides" [pa] or 

"fungicides, industrial" [pa] or "regulated contaminant*" [tiab] or "pesticide*"[pa]  

water 

"water pollution"[mesh] or "water pollutants" [mesh] or "water pollutants, chemical"[pa] or "water pollut*"[tiab] or "groundwater 

pollut*"[tiab] or "water contamina*"[tiab] or "water decontamina*"[tiab] or "groundwater contamina*"[tiab] or "groundwater 

decontamina*"[tiab] or "disinfection byproduct*"[tiab] or "disinfection by-product*"[tiab] or "arsenic" [tiab] or "perfluoroalkyl" [tiab] or 

"polyfluoroalkyl" [tiab] or "pfas" [tiab] or "trihalomethanes" [tiab] or "total trihalomethanes" [tiab] or "tthm*" [tiab] or "haloacetic acids" 

[tiab] or "haa5" [tiab] or "haa6" [tiab]  

soil and land 
"soil pollutants" [mesh] or "soil contamina*"[tiab] or "soil decontamina*"[tiab] or "land pollut*" [tiab] or "land contamina*" [tiab]  

 

endocrine 

disruptors 

"endocrine disruptors"[mesh] or "endocrine disruptors"[pa] or "endocrine disrupting chemical*"[tiab] or "endocrine disrupting 

hormone*" [tiab] or "endocrine disrupt*"[tiab] 

 

other 

"petroleum pollution"[mesh] or "petroleum contamina*"[tiab] or "gas pollut*"[tiab] or "gas contamina*"[tiab] or "traffic 

pollution"[tiab:~2] or "traffic pollutions"[tiab:~2] or "traffic pollutant"[tiab:~2] or "traffic pollutants"[tiab:~2] or "toxic substance*"[tiab] 

or "harmful substance*"[tiab] or "hazardous substance*"[tiab] or "household exposure" [tiab] or "neighborhood exposure" [tiab] or 

"neighbourhood exposure" [tiab] or "domestic exposure" [tiab] or "residential exposure" [tiab] or "non-occupational exposure" [tiab] or 

"nonoccupational exposure" [tiab] or "environmental exposure" [tiab] or "para occupation*" [tiab] 

limits applied 

Language: English 

Publication Date: January 1, 1980 - October 25, 2024 

Humans: 18+, females  
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Table 1-2: Risk of bias domains under the low-risk designation for studies included in the meta-analysis of environmental 

exposures and ovarian and endometrial cancers  

Risk of bias domain Low risk of bias description 

Study design Retrospective cohort, prospective cohort, or case-control study of individuals with 

exposure assessed prior to outcome development.   

Study group representation  Study population is large and covers a diverse geographic area of interest to capture 

heterogeneity in exposure.  

Outcome assessment Cancer cases were ascertained from state cancer registries. 

Exposure assessment Risk of exposure misclassification is minimized through state-of-the-art methods 

(e.g., estimated air pollution exposure based on residential address).  

Confounding Relevant confounders, including risk factors for the outcome and exposure, were 

appropriately evaluated in the analysis (e.g., socioeconomic status, smoking status, 

co-pollutants, etc.).  

Statistical analysis  Choice of statistical model appropriate; modifying effects assessed by stratified 

analyses; sensitivity analyses to address possible sources of bias, evaluation of non-

linear relationships; adjustment for multiple comparisons where applicable.  

Conflict of interest  
Study is free of support from individual or entity having financial interest in 

outcome of study. 
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Table 1-3. Articles included in the systematic review of environmental exposures and 

endometrial and ovarian cancers   
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Table 1-4. Descriptive characteristics of N=125 studies retained for the full text review in the 

systematic review of environmental exposures and ovarian and endometrial cancers  

Cancer Type N (%) 

Endometrial only 30 (24) 

Ovarian only 72 (58) 

Both sites 23(18) 

Study Design N, % 

Case Controla 33 (26) 

Cohort 53 (42) 

Ecologic 37 (30) 

Cross-Sectional 2 (2) 

Continents and Countries N (%)b 

Africa 1 (<1) 

Nigeria 1 

Asia 21 (17) 

China 10 

India 2 

Iran 1 

Japan 4 

Saudi Arabia 1 

Taiwan 4 

Australia 6 (5) 

Europe 29 (23) 

Denmark 3 

Finland 1 

France 1 

Italy 6 

Norway 1 

Poland 1 

Russia 3 

Spain 5 

Sweden 6 

United Kingdom 2 

North America 63 (50) 

Canada 2 

Mexico 1 

United States 60 

South America 1 (<1) 

Brazil 1 
a: 4 nested case-control studies were included in this category  

b: Ns are not mutually exclusive, as some individual studies include multiple countries 
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Table 1-5. Descriptive characteristics of studies of PM 2.5
 and ovarian cancer evaluated for inclusion in the meta-analysis 

No. Article 

Author, 

Year 

Location 

of study 

Study 

Design 

Exposure assessment 

method 

Exposure 

window/time 

period  

Co-

Pollutant 

Adjustment 

Outcome 

measure  

(N Cases) 

Outcome 

assessment method 

and time period 

Measure of 

Association b 

1 

Craver, 

2024 

United 

States Cohort  

PM2.5 concentrations 

were estimated using 

data from EPA 

monitoring sites 

(resolution of 1x1km) 

across the contiguous 

U. S. 

Average 

PM2.5 

concentration 

from 2007 - 

2016 None. 

Prevalencea 

(1,468) 

Participant 

electronic health 

records linked to All 

of Us data from 

2006 to 2016. OR 

2 Li, 2023 China Cohort 

PM2.5 concentrations 

were estimated using 

random forest models 

(resolution of 1x1km) 

at daily level based on 

participant residential 

address.  

Average 

PM2.5 

concentration 

10 years prior 

to the date of 

OC diagnosis 

Co-adjusted 

for NO2 and 

O3 in 

models. 

Mortality 

(117) 

Patient medical data 

until from enrolment 

(2015) time of death 

or end of follow-up 

(March 31, 2021), 

whichever came 

first. HR 

3 

Coleman, 

2020 

United 

States Cohort 

PM2.5 concentrations 

were estimated using  

census-tract level 

concentrations of 

PM2.5 based on 

participant residential 

address.  

Average 

PM2.5 

concentration 

from 1999 to 

2015. None. 

Mortality 

(392) 

National Death 

Index data for 

mortality from 

enrolment (1987 to 

2014) to follow-up 

(through 2015). HR 

4 Ish, 2024 

United 

States Cohort 

PM2.5 concentrations 

were estimated at 

participant residences 

using validated 

national 

spatiotemporal models 

(resolution of 1x1km).  

Average 

PM2.5 

exposure 

from 2009 to 

2017 

Co-adjusted 

for NO2 and 

O3. 

Incidence 

(249) 

Self-reported 

confirmed with 

medical records 

from enrolment 

(2003 to 2009) until 

follow-up (June 

2017).  HR 
a: Combined prevalent and incident cancers from medical records.  

b: Abbreviations: PM: Particulate Matter; NO2: Nitrogen dioxide; OR: Odds Ratio; HR: Hazard Ratio 

Table 1-6. Descriptive characteristics of studies of PM 2.5
 and endometrial cancer evaluated for inclusion in the meta -analysis 
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No. Article 

Author, 

Year 

Location 

of study 

Study 

design 

Exposure assessment 

method 

Exposure 

window/time 

period  

Co-

Pollutant 

Adjustment 

Outcome 

measure 

(N Cases) 

Outcome 

assessment 

method and time 

period 

Measure of 

Association 
a 

1 

Craver, 

2024 

United 

States Cohort  

PM2.5 concentrations 

were estimated using 

data from EPA 

monitoring sites 

(resolution of 1x1km) 

across the contiguous 

U. S. 

Average PM2.5 

exposure from 

2007 - 2016 None. 

Incidence 

(940) 

Participant 

electronic health 

records linked to 

All of Us data from 

2006 to 2016. OR 

2 

Coleman, 

2020 

United 

States Cohort 

PM2.5 concentrations 

were estimated using  

census-tract level 

concentrations of PM2.5 

based on participant 

residential address. 

Average PM2.5 

exposure from 

1999 to 2015. None. 

Mortality 

(750) 

National Death 

Index data for 

mortality from 

enrolment (1987 to 

2014) to follow-up 

(through 2015). HR 

3 

Brown, 

2024 

United 

States Cohort 

PM2.5 concentrations 

were estimated at 

participant residences 

using spatiotemporal 

models (resolution of 

1x1km) derived from 

EPA monitoring data.  

Average PM2.5 

concentrations 

across all 

primary 

addresses 

through June 

30, 2017.  

Co-adjusted 

for NO2. 

Incidence 

(319) 

Self-reported 

confirmed with 

medical records 

from enrolment 

(2003 to 2009) 

until follow-up 

(October 2020). HR 

4 

Wei, 

2023 

United 

States Cohort 

PM2.5 concentrations 

were estimated using 

daily average zip-code 

level PM2.5 

concentrations 

(resolution of 1x1km) 

linked to participant 

residential address. 

Moving 

average, the 

year of 

diagnosis and 

the previous 

two years 

Co-adjusted 

for NO2. 

Incidence 

(926) 

Medicare Chronic 

Conditions 

Warehouse from 

the Centers for 

Medicare and 

Medicaid Services 

for cases diagnosed 

between 2000 and 

2016. 

Absolute 

Increase 

a: Abbreviations: PM: Particulate matter; NO: Nitrogen dioxide; OR: Odds Ratio; HR: Hazard Ratio 
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Table 1-7. Risk of bias results for studies evaluated for the meta-analysis of PM2.5 and ovarian and endometrial cancers 

Risk of Bias Constructs 

Article (Author and Publication Year) 

Ovarian and 

Endometrial Cancer 
Ovarian Cancer Only 

Endometrial Cancer 

Only 

Craver 2024 
Coleman 

2020 
Li 2023 Ish 2024 Brown 2024 Wei 2023 

Study Design 1 1 1 1 1 1 

Study Group Representation 1 1 2 1 1 1 

Outcome Assessment  1 1 1 2 2 1 

Exposure Assessment  1 1 1 1 1 3 

Confounding 1 1 1 1 1 1 

Statistical Analysis 2 2 1 1 1 2 

Conflict of Interest 1 1 1 1 1 1 

Overall Study Risk of Bias 8 8 8 8 8 10 

 

Construct Rating 

Low risk – 1 point 

Probably low risk – 2 points 

Probably High risk – 3 points 

High Risk – 4 points  
 

Overall Study Risk of Bias Rating: 

Low Risk (1-7 points) 

Probably Low Risk (8– 12 points) 

Probably High (13-17 points) 

Uninformative (18+ points) 
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Figure 1-1 PRISMA flow diagram showing the literature search and screening process 
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Figure1-2. Exposures evaluated in the studies of environmental factors and ovarian and endometrial cancers retained for 

the full text review  

a Proportions are not mutually exclusive, as some individual studies include multiple exposures  

 

Air pollution, [N=21, 17%]

Asbestos, [N=8, 7%]

Cadimum, [N=3, 2%]

Dietary Intake, [N=21, 17%]

Dioxins, [N=2, 2%]

Drinking Water , [N=9, 7%]
Environmental tobacco smoke, 

[N=6, 5%]

Industrial Emissions, 
[N=3, 2%]

Other, [N=11, 9%]

Pesticides, [N=13, 10%]

Sunlight, [N=1, 1%]

Ultra Violet, N=19, 15%]

Vitamin D, [N=8, 6%]
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Figure 1-3. Meta-analysis of epidemiologic studies of PM2.5 and ovarian cancer 

incidence and mortality     

*Li, 2023 and Ish, 2024 co-adjusted for exposure to NO2 and O3.  
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Figure 1-4. Funnel plot of epidemiologic studies of PM2.5 and ovarian cancer incidence 

and mortality  
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Figure 1-5. Meta-analysis of epidemiologic studies of PM2.5 and endometrial cancer 

incidence and mortality    

*Brown, 2024 and Wei, 2023 co-adjusted for NO2. 
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Figure 1-6. Funnel plot of epidemiologic studies of PM2.5 and endometrial cancer 

incidence and mortality    
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Chapter 3: Long-term outdoor air pollution and risk of ovarian and endometrial cancers 

in a large prospective cohort 

 

 

INTRODUCTION 

Endometrial and ovarian cancers are the first and second most common female 

gynecologic cancers diagnosed in the U.S., respectively 28, with notable racial and ethnic 

and socioeconomic disparities in incidence, stage at diagnosis, and survival 2. Research 

on these malignancies has primarily focused on modifiable risk factors including elevated 

body mass index (BMI) and exposure to exogenous and endogenous hormones, 

particularly unopposed estrogen 132 as well as chronic inflammation133,134. However, 

exposure to outdoor air pollutants, which arise from both anthropogenic and natural 

sources including traffic, may also relate to these cancers through diverse mechanisms.  

For example, fine particulate matter (<2.5µm, PM2.5) and nitrogen dioxide (NO2) have 

been shown to induce oxidative stress, promote chronic inflammation and damage 

DNA88,135, supporting the biologic plausibility of associations with cancers at multiple 

organ sites. Additionally, some air pollution components are recognized as endocrine 

disruptors and can alter the function of the endocrine system including estrogen signaling 

pathways, potentially contributing to risk of estrogen-dependent malignancies, especially 

endometrial cancer93. While the biologic mechanisms are likely complex, air pollution 

has been shown to have obesogenic impacts by increasing inflammation and oxidative 

stress in adipose tissue136. Consequently, exposure to air pollution may have an impact on 

obesity-related malignancies such as endometrial and (to a lesser degree) ovarian 

cancers137.  
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Outdoor air pollution is classified by the International Agency for Research on 

Cancer (IARC) as a human carcinogen primarily based on evidence that exposure causes 

lung cancer77. Despite plausibility, studies of associations with ovarian and endometrial 

cancers remains limited; PM2.5 and NO2 have been associated with increased ovarian70 

and endometrial69 cancer risk or mortality in a small number of studies. However, none of 

these prior efforts evaluated time-varying exposures or heterogeneity in associations by 

histologic subtype. We aimed to investigate whether exposure to outdoor PM2.5 and NO2 

increases the risk of these cancers in a large, geographically spread cohort with long-term 

exposure assessment. 

MATERIALS AND METHODS 

Study population.  

We used data from the NIH-AARP Diet and Health Study, a prospective cohort 

initiated when 566,398 members (325,165 men and 241,233 women) of the AARP 

(formerly the American Association of Retired Persons) responded to a mailed 

questionnaire in 1995-1996. Participants were 50-71 years old at enrollment and recruited 

from six U.S. states (California, Florida, Louisiana, New Jersey, North Carolina, and 

Pennsylvania) and two metropolitan areas (Atlanta, Georgia and Detroit, Michigan). The 

enrollment questionnaire included demographic and anthropometric characteristics, 

health-related factors, and dietary intakes. Information on additional cancer risk factors, 

including some reproductive history, was collected in a subsequent questionnaire for a 

subset of female participants (65%) in 1996-1997 72. Additional details on the study 

design and methodology are described elsewhere 138. All participants provided written 
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informed consent. The study was approved by the National Institutes of Health 

Institutional Review Board and the NIH-AARP Steering Committee.   

Among the cohort’s women (N=241,233), we excluded individuals who had 

missing air pollution data (N=377), had a proxy respondent complete their survey 

(N=15,760), or had a cancer diagnosis prior to study enrollment (N=23,390). For the 

ovarian cancer analysis, we excluded women who were found to have died of ovarian 

cancer during follow-up, but the diagnosis was not confirmed in the registries (N=418), 

had missing neighborhood level socioeconomic deprivation index (NDI) data (N=165), 

had an ovarian cancer diagnosis prior to enrollment (N=13) or reported having a bilateral 

oophorectomy (N=61,063) before enrollment. For the endometrial cancer analysis, we 

similarly excluded women in the cohort who died of endometrial cancer, but the 

diagnosis was not confirmed by registry (N=215), had missing NDI data (N=130), were 

diagnosed prior to enrollment (N=54), or reported having a hysterectomy (N=85,209) 

before enrollment. The ovarian cancer analysis included 140,228 participants and 1,582 

cases, and the endometrial cancer analysis included 116,380 participants and 3,088 cases.  

Cancer ascertainment. Diagnoses of ovarian and endometrial cancers were identified 

from probabilistic linkages with state-wide cancer registries in the catchment states. 

Registry information included diagnosis date, grade, morphology, and stage. Ovarian 

cancer was classified according to the International Classification of Diseases for 

Oncology (ICD-O; third edition) site codes: C56.9 for ovary, C57.0 for fallopian tube, 

and C48.1 and C48.2 for peritoneum139. Endometrial cancer was classified using codes: 

C54.0, C54.1, C54.2, C54.3, C54.8, C54.9, and C55.9139. Histology information was 

unknown for N=48 (3%) of ovarian and N=77 (2.5%) of endometrial cancer cases. 
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Person-years of follow-up were calculated from the date the baseline questionnaire was 

received until whichever came first: the date that participants were diagnosed with 

ovarian or endometrial cancer, died, moved out of a registry ascertainment area, were lost 

to contact tracing, or the end of the follow-up period (December 31, 2018).  

Exposure assessment.  

Using previously-validated spatiotemporal models, annual exposures to ambient 

air pollutants were estimated at the participant enrollment addresses from 1980 to 2017 

for PM2.5 and 1990 to 2017 for NO2
140-142. PM2.5 and NO2 models were developed 

independently but used the same overall framework, relying on a combination of data 

from regulatory and non-regulatory monitoring networks as well as satellite-derived 

measurements. To estimate PM2.5 concentrations prior to the widespread availability of 

monitoring data, linear back-extrapolation was conducted using temporal trends derived 

from monitoring data spanning 1999 to 2010141.   

Statistical analysis.  

We evaluated population demographic characteristics by PM2.5 and NO2 

concentration in quartiles (using the ovarian cancer analysis group). We used Cox 

proportional hazards models with calendar time as the time variable to estimate hazard 

ratios (HRs) and 95% confidence intervals (CIs) of the association between five year 

moving average exposure to PM2.5 and NO2 and incident ovarian and endometrial cancers 

. The risk sets were defined based on two-year intervals throughout the follow-up period. 

For each risk set, we estimated a new five-year average for all participants remaining in 

the set (including cases diagnosed in this interval and all other non-censored 

participants). We parameterized the time-varying pollutant concentrations in quartiles 
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(with the reference group being the lowest exposure category) and also as a continuous 

variable (per each 5 µg/m3 and ppb increase in PM2.5 and NO2). Additionally, since the 

latency period for both cancers is estimated to be at least 10-20 years, we conducted a 

lagged analysis, using 5-year moving average exposures lagged 10 years for PM2.5 and 5 

years for NO2 (since NO2 data was not available before 1990). We also conducted a 

sensitivity analysis using fixed 5-year historical time periods: 1980-1984 (PM2.5 only), 

1985-1989 (PM2.5 only), and 1990-1994 (PM2.5 and NO2) to evaluate consistency with the 

main exposure parameterization. For the state-specific analyses, we evaluated 

associations with continuous exposures with a unit change based on the respective state-

specific interquartile ranges for PM2.5 and NO2. We conducted a sensitivity analysis of 

PM2.5 and NO2 only using participants with geocodes at an exact address or street 

intersection level (N=106,828; 91.8%). We also evaluated exposure-response across 

quartiles by parameterizing the median of each quartile as a continuous variable and 

assessing a test for trend (p-trend).  

We used a literature-based approach to select potential confounders, identifying 

factors associated with ovarian and endometrial cancer and PM2.5 and/or NO2 exposure. 

From this list, we explored possible causal pathways and derived a minimal sufficient set 

of adjustment variables using a directed acyclic graph. Because information on some 

reproductive risk factors was available only for a subset of women, we separately 

evaluated exclusion of these factors (ever/never oral contraceptive use and ever/never 

menopausal hormone therapy use) from models and found limited influence on 

associations (<1% change in HRs). Our final model covariates included age (continuous), 

race and ethnicity (Non-Hispanic White; Non-Hispanic Black; Hispanic, Asian, Pacific 
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Islander, or American Indian/Alaska Native), smoking status and intensity [never 

smokers, former smokers (<1 pack a day), former smokers (1-2 packs a day), former 

smokers (2+ packs a day), current smokers or just quit (<1 pack a day), current smokers 

or just quit (1-2 packs a day), current smoker or just quit (2+ packs a day), or missing], 

neighborhood level socioeconomic deprivation index (NDI)143, and state of residence 

(Model 1). Endometrial cancer analyses were also adjusted for BMI (<25, 25–29, ≥ 30.0 

kg/m2) since obesity is a major risk factor47. Covariate information was missing for ≤3% 

of participants; therefore, we coded unknown/missing as a separate category for analysis. 

Since parity is associated with both ovarian and endometrial cancers144,145, we conducted 

a sensitivity analysis with parity in the model. We also evaluated main effects 

associations with PM2.5 and NO2 in mutually adjusted models (Model 2). PM2.5 and NO2 

concentrations were moderately correlated for the 5-year average prior to enrollment, 

1990–1994 (spearman’s rho=0.73), so we separately evaluated overall associations in 

cross-classified models using a common referent group of low concentrations (1st tertile) 

of both pollutants. All statistical analyses were performed in SAS (v. 9.4).  

We evaluated associations stratified by potential effect modifiers, including BMI 

and state of residence, since the distribution and chemical composition of PM2.5 varies by 

region146, and to address potentially important, but unmeasured, spatially varying 

confounders that vary by region. We also stratified by a census-tract level neighborhood 

socioeconomic deprivation index generated previously for the NIH-AARP cohort 143, 

given the relationship in the U.S. between low socioeconomic status (SES) and higher 

exposure to ambient air pollutants 147. We analyzed the neighborhood deprivation index 

scores in quintiles, with the lowest quintile representing the 'least deprived' and highest 
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representing the 'most deprived'. We evaluated heterogeneity (p-heterogeneity) of HRs by 

histologic subtype using Cochran’s Q statistic (with p ≤ 0.05 as the threshold for 

statistical significance) in R. We also evaluated statistical interactions using a joint Cox 

model and Wald tests (p-interaction) for all other stratified analyses. 

RESULTS 

Baseline lifestyle and demographic characteristics in the endometrial cancer 

analysis subset were similar across PM2.5 quartiles. The mean age at baseline was 

approximately 62 years and 90% of participants were non-Hispanic white. Within the 

highest category of outdoor residential PM2.5 levels, nearly a third of participants resided 

in an area ranked in the top quintile of neighborhood deprivation (Table 2-1). Patterns in 

these characteristics were similar among women in the ovarian cancer analyses (Table 

A1) and across NO2 quartiles (Tables A2 and A3). 

We observed no association between PM2.5 and risk of endometrial cancer overall 

with or without NO2 adjustment (Table 2-2). In stratified analyses, participants in Atlanta, 

Georgia had a 1.7-fold increase in endometrial cancer risk associated with PM2.5 (n=81 

cases, HR per 2.0 µg/m3: HR: 1.70, CI=1.16-2.48) and a suggestive positive association 

was also observed among women in Pennsylvania (n=523 cases; HR per 2.2 µg/m3: : 

1.15; CI=1.02-1.29; Table 2-3). An elevated risk of PM2.5-associated endometrial cancer 

was apparent for women in the highest quintile of neighborhood deprivation (Q5 HR: 

1.05; CI=0.90-1.22; p-interaction=0.07; Table 2-3).  When state-specific PM2.5 models 

were mutually adjusted for NO2, patterns of association were similar for residents in 

Atlanta (HR per 2 µg/m3=1.52, CI=0.85-2.73) and Pennsylvania (HR per 2 µg/m3=1.15, 

CI=1.01-1.32; Table 2-3). Participants in Atlanta, Georgia had a 1.5-fold increased risk of 
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endometrial cancer associated with NO2 (n=81 cases; HR per 5 ppb: 1.52; 95%CI=1.10-

2.09; Table 2-4); the association was attenuated after PM2.5 adjustment (HR per 5 ppb 

=1.14, CI=0.67-1.92; Table 2-4). The NO2-endometrial cancer association was strongest 

among those living in the most deprived neighborhoods (Q5 HR=1.06, CI=1.00-1.12; p-

interaction=0.02; Table 2-4). We found no evidence of interaction by BMI category on 

endometrial cancer associations with either pollutant (Tables 2-3 and Table 2-4). 

Associations with PM2.5 and NO2 in the good geocode and parity adjustment (changes in 

HRs < 5%) sensitivity analyses were consistent with our findings in the main analysis. 

The sensitvity analysis for PM2.5 and NO2 exposure across all four fixed 5-year historical 

time periods yielded similar results (changes in HRs <5%) to those based on the five-year 

moving average in the main analysis for both cancers (Table A6). 

We also observed no associations between either pollutant and risk of ovarian 

cancer overall (Table 2-2). Stratified analyses yielded a positive, although imprecise, 

PM2.5 association among participants in Detroit, Michigan (n=62 cases; HR per 2.2 

µg/m3: 1.42; 95%CI= 0.92-2.18; Table 2-3) but no clear evidence of a relationship in 

other areas; (p-interaction=0.67). The positive relationship with PM2.5 was still apparent 

after adjustment for NO2, (HR per 2.2 µg/m3=1.18, CI=0.65-2.13; Table 2-3). We did not 

find clear evidence that ovarian cancer associations with PM2.5 or NO2 varied across strata 

of BMI or neighborhood deprivation (p-interaction>0.05; Tables 2-3 and 2-4).  

Analyses by histologic type yielded few statistically significant associations and 

no evidence of heterogeneity (p-heterogeneity>0.05) but suggested some positive 

relationships (Table 2-5). Risk of non-endometroid endometrial cancers was elevated in 

association with PM2.5 (n= 583 cases; HR per 5 µg/m3: 1.12; CI=0.94-1.35). The positive 
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relationship with PM2.5 was still apparent after adjustment for NO2, (HR per 5 

µg/m3=1.08, CI=0.84-1.39; Table 2-5). Risk of non-endometrioid endometrial cancers 

was also elevated for NO2 (HR per 5 ppb:1.05, CI=0.98-1.12; Table 2-5) and we found 

no association with endometrioid or other types. Non-epithelial ovarian tumors were also 

positively associated with PM2.5 (n=75 cases, HR:1.50, CI=0.91-2.47) and a weaker but 

positive association was apparent for NO2 (HR=1.05, CI=0.87-1.27) (p-interaction>0.05). 

HRs were similarly elevated for the clear cell subtype (n=28 cases, PM2.5 HR:1.50, 

CI=0.91-2.47 and NO2 HR=1.05, CI=0.82-1.35). Associations with other ovarian 

histotypes were largely null. As in the main analysis, we also observed no association for 

either exposure and either cancer in our lagged analyses with or without mutual 

adjustment (Table A4). Lastly, we found no evidence of associations when levels of PM2.5 

were high and NO2 levels were low (and vice versa) when using a common referent 

approach. Moreover, the associations were null regardless of the relative levels of either 

pollutant compared to a common referent group of low exposure to both pollutants for 

either cancer (Table A5). 

DISCUSSION 

 In this large prospective study, we observed no overall association between long-

term outdoor PM2.5 or NO2 concentrations at the residence and risk of either endometrial 

or ovarian cancer. Associations with PM2.5 and NO2 for both cancers were apparent, 

however, in select geographic areas. Additionally, endometrial cancer associations with 

PM2.5 and NO2 were observed in the most deprived neighborhoods (highest quintile of the 

NDI), with a stronger association with NO2. We also found some evidence that 
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associations with PM2.5 and NO2 differed across endometrial and ovarian cancer 

histologic subtypes.  

Our finding of no overall association between PM2.5 and endometrial cancer is 

consistent with recent work in the Sister Study, which also found no relationship 69. The 

Sister Study did however report a positive endometrial cancer association with NO2, a 

weakly genotoxic and mutagenic pollutant 148,149 often considered a marker for vehicular 

traffic and its carcinogenic constituents, such as benzene. We did not observe an overall 

endometrial cancer association with NO2 in our analysis. PM2.5 concentrations in our 

cohort were higher (median (IQR): 18.79 (16.1–21.2 μg/m3) than in the Sister Study 

(10.7 (8.7–12.4 μg/m3), although NO2 levels were more comparable: 7.6 (5.1–10.8ppb) 

versus 8.5 (5.8-11.9 ppb). Possible explanations for the differences in findings may be 

attributed to differing population characteristics, including demographics (the AARP 

cohort is older, with a mean age of 62 years versus 54 in the Sister Study), geographic 

coverage (our 8 catchment areas versus nationwide in the Sister Study), and the 

proportion of post-menopausal women(>90% versus ~75%).  

Our analyses did yield a positive  PM2.5 association with endometrial cancer 

among women residing in select geographic areas. Specifically, the relationship was 

evident among participants residing in Atlanta and Pennsylvania, for which there are 

several potential explanations. Mean residential levels of PM2.5 were among the highest 

for these participants across our catchment areas, although we did not find a similar 

positive association among women living in other areas with similarly high 

concentrations (e.g., California and Detroit). This could indicate that PM2.5 chemical 

constituency resulting from its diverse sources or other regional factors, may be driving 
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the observed relationships. For example, PM2.5 is comprised of a higher percentage of 

sulfate in eastern counties compared to western counties in the U.S 150. Moreover, another 

study found that long-term exposure to specific constituents of PM2.5, nickel and 

vanadium (chemicals that are commonly found in mixed oil burning industrial emissions) 

were associated with cancer of the upper aerodigestive tract after adjustment for NO2 

exposure 151. Therefore, it is possible that the chemical constituency in PM2.5 in our 

cohort differs regionally and are driving the differential associations between PM2.5 and 

endometrial cancer we observed by state. We also found no evidence of an overall 

association between PM2.5 or NO2 and the development of ovarian cancer. The lack of 

finding for outdoor PM2.5 is consistent with a recent analysis in the Sister Study 70, which 

also found no association with ovarian cancer risk after adjustment for co-pollutants (NO2 

and O3) and reproductive risk factors. The Sister Study reported a positive NO2 

association with ovarian cancer, whereas we did not observe one. A recent systematic 

review found that exposure to ambient air pollutants (including but not limited to 

particulate matter such as PM10 and PM2.5, and gases such as sulfur dioxide and NO2) 

increased ovarian cancer risk in several studies conducted both within and outside of the 

U.S. 5. However, most of the reviewed studies were of ecological design. While we found 

no overall ovarian cancer relationship in the cohort, our subgroup analyses indicated 

associations with both pollutants. The strongest association with PM2.5 was observed  

among participants in Pennsylvania, and the finding persisted in mutually adjusted 

models.  Consistent with this result, a weakly positive ovarian cancer association with 

NO2 in the Pennsylvania participants was diminished to the null after adjustment for 
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PM2.5.  Collectively, these findings indicate PM2.5 as the driver of the association in this 

state.  

A unique contribution of our work was the analyses by histologic subtype, for 

which findings may offer new insights about underlying etiologic pathways. We found an 

elevated risk of non-endometrioid endometrial cancers in our PM2.5 analysis and a 

similar, but weaker association with NO2. Non-endometrioid endometrial cancers are 

predominately serous and clear cell carcinoma, typically make up approximately 20% of 

all endometrial cancer cases, and have poorer prognosis than endometrioid carcinomas 47. 

Risk factor associations for non-endometroid endometrial cancers are similar to 

endometrioid histologic subtypes, however, there is evidence that non-endometrioid 

carcinomas are not as estrogen dependent as endometrioid carcinomas 52. Women with 

these non-endometrioid histologies tend to more frequently exhibit molecular and genetic 

alterations such as p53 mutations inactivation that play a role in cancer development 152, 

which we postulate may lead to increased vulnerability to the carcinogenic effects of 

PM2.5 and NO2. We also found increased risks of clear cell and non-epithelial ovarian 

cancer associated with PM2.5; these women experienced the highest mean PM2.5 levels 

among the ovarian cancer cases, supporting plausibility. Clear cell ovarian cancer is rare, 

and typically this histologic subtype comprises 10% of epithelial ovarian cancers 43. It is 

linked to endometriosis, a condition influenced by inflammation and menstrual cycle 

changes 153, and exposure to high levels of PM2.5 and NO2 may also lead to inflammation, 

increasing the risk for this subtype. Non-epithelial ovarian cancer, which include ovarian 

sarcoma, malignant ovarian germ cell tumors, and sex cord-stromal tumors, makes up 

roughly another 10% of cases 154. Although we also observed a small increased risk of 



67 

 

these tumors associated with PM2.5, the subtype heterogeneity complicates 

interpretations. 

We stratified by BMI for several reasons. Obesity is an established risk factor for 

endometrial cancer 47 and is also associated with (though less strongly) ovarian cancer 32, 

and adipose tissue is a reservoir for lipophilic constituents of PM2.5, such as polycyclic 

aromatic hydrocarbons, that have been linked to carcinogenesis at multiple tumor sites 91. 

Women with higher BMI may also be more vulnerable to the effects of PM2.5 exposure 

because overweight and obese individuals have increased levels of oxidated stress and 

inflammation, which are potential biological mechanisms for a PM2.5-endometrial cancer 

relationship 53. Despite plausibility, our results did not indicate that the association with 

PM2.5 was stronger for overweight or obese women.  

We observed that women living in the most highly deprived neighborhoods had an 

elevated risk of endometrial cancer associated with both PM2.5 and NO2, and more 

strongly so with NO2, whereas we found no associations among women in the least 

deprived neighborhoods. Lower socioeconomic status communities are more likely to be 

exposed to higher concentrations of environmental pollutants 46, a finding that aligns with 

our data, which show that women with the highest levels of neighborhood deprivation 

represent the largest proportion (31%) of those with high (quartile 4) outdoor PM2.5 

concentrations. In contrast to our findings, a recent analysis in the Sister Study found no 

clear pattern of uterine cancer association with either PM2.5 or NO2 by neighborhood 

socioeconomic status , as risks were either not increased or elevated non-monotonically 

across quartiles of an area deprivation index 69. 
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Our analysis included several strengths which advance the limited research on this 

topic. The NIH-AARP cohort includes large numbers of incident, well-characterized 

cancers. It is also geographically spread, with heterogeneity in air pollution exposures. 

We assessed PM2.5 and NO2 at individual participant residences rather than at the area 

level (e.g., census tract, ZIP code), as has been done in some prior studies. Additionally, 

our long-term, historical exposure assessment enabled time-varying analyses to account 

for secular trends in concentrations and the long latency of these solid tumors. A wide 

range of individual-level covariates were available for evaluation of effect modification 

and confounding. To our knowledge, our work reflects the first analysis of these 

associations by histologic subtype, an important approach to understanding potential 

underlying mechanisms.  

Although exposures were assessed by well-validated models, these data still 

reflect estimates of concentrations around the home without accounting for time spent or 

exposures occurring in other microenvironments and thus may not represent personal 

exposures. We also based our exposure assessment on the enrollment address and did not 

have information on residence changes over time, which could lead to exposure 

misclassification. We anticipate any resultant exposure misclassification to be non-

differential with respect to cancer status, leading to potential attenuation of observed 

associations. Potential confounders were also ascertained only at enrollment, and we 

acknowledge that we could not account for some changes in modifiable risk factors 

during follow-up. Our cross-classified analysis was consistent with our main effects in 

that we found no evidence of an overall association for PM2.5 or NO2 for either cancer. 

However, we were underpowered to use this approach for subgroup analyses to confirm 
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our findings in mutually adjusted models. Finally, our ability to interrogate associations 

by histologic subtype was a study strength, but despite the large size of our cohort we 

acknowledge the small numbers of cases in these analyses and that associations were 

imprecise.   

CONCLUSION 

Our findings in this large cohort suggest that long-term exposure to PM2.5 and risk 

of endometrial cancer is limited primarily to specific geographic areas and potentially for 

women living in neighborhoods with the highest levels of deprivation. A weaker 

association was generally observed for NO2. Possible heterogeneity in associations by 

histologic subtype for both endometrial and ovarian cancers require replication. 

Collectively, the number of evaluations of these specific relationships is small and the 

findings remain equivocal. Future research that further evaluates pollutant constituency in 

a large, more racially and ethnically diverse population could help clarify these 

relationships
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Table 2-1. Baseline characteristics of NIH-AARP Diet and Health Study female participants included in the analyses of 

endometrial cancer, by historical outdoor PM2.5 levels at the residence  

Characteristics All participants 
PM2.5 concentration (1990-1994; μg/m3) 

Q1: 3.5-13.3 Q2: 13.4-15.6 Q3: 15.7-17.7 Q4: 17.8-27.0 

Participants (N) a 116,380 29,087 29,092 29,105 29,096 

NO2, ppb (mean ± SD)b 16.0 ± 9.1 8.9 ± 3.6 12.9 ± 5.4 16.9 ± 5.5 25.3 ± 10.1 

Age (mean ± SD) 61.7 ± 5.5 62.1 ± 5.5 61.6 ± 5.5 61.5 ± 5.5 61.6 ± 5.5 

Age groups (%) 

    50-54 years 15.8 14.5 16.3 16.6 16.0 

    55-59 years 23.3 21.5 23.9 23.9 24.0 

    60-64 years 27.2 27.5 27.0 27.1 27.1 

    65-69 years 30.3 32.9 29.5 29.3 29.7 

    ≥ 70 years 3.4 3.6 3.5 3.1 3.3 

Race and ethnicity (%) 

    Non-Hispanic White 90.3 93.8 92.5 91.4 83.7 

    Non-Hispanic Black 4.7 1.9 2.9 4.7 9.4 

    Hispanic  1.9 2.2 1.6 1.1 2.6 

    Asian, PI, or AI/AK     1.8 0.9 2.0 1.6 2.6 

    Unknown 1.3 1.1 1.2 1.2 1.7 

Education level (%) 

      less than high school 5.5 5.6 5.2 5.3 5.7 

     completed high school 24.7 24.3 23.9 25.5 24.9 

     post high school 10.0 11.1 10.2 9.6 9.2 

     some college 24.0 25.7 23.6 22.3 24.4 

     college and postgraduate  33.0 30.2 34.4 34.7 32.7 

     unknown 2.8 3.1 2.6 2.6 3.1 

BMI (mean ± SD)c 26.7 ± 5.7 26.4 ± 5.5 26.6 ± 5.7 26.7 ± 5.7 27.0 ± 6.0 

BMI category (%)d 

Underweight and   normal 43.3 44.9 43.9 43.3 41.1 

    Overweight  31.5 31.9 31.3 31.4 31.4 

    Obese 21.8 19.9 21.5 22.0 23.9 
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    Unknown 3.4 3.3 3.4 3.3 3.6 

Postmenopausal status (%) 

      Premenopausal 6.2 5.7 6.6 6.3 6.3 

      Postmenopausal 93.3 93.9 93.0 93.3 93.1 

      Unknown 0.5 0.5 0.4 0.5 0.6 

Smoking status (%) 

    Never smoker 43.8 40.7 44.7 45.2 44.5 

    Former smoker 36.8 38.7 37.2 35.9 35.4 

    Current smoker 16.5 17.7 15.3 16.0 17.0 

    Unknown 2.9 2.9 2.9 2.9 3.1 

State of residence (%) 

    California 31.8 24.4 32.4 22.7 47.7 

    Florida 20.0 63.0 15.6 1.5 0.0 

    Georgia (Atlanta) 2.6 0.0 0.2 2.8 7.3 

    Louisiana 2.7 1.9 5.2 3.7 0.0 

    Michigan (Detroit) 5.3 0.4 3.7 9.5 7.8 

    North Carolina 7.5 3.4 10.5 13.2 2.7 

    New Jersey 14.6 5.1 23.5 23.4 6.4 

    Pennsylvania 15.5 1.9 8.9 23.2 28.1 

Neighborhood Socioeconomic  

Deprivation Index Quintiles 

    Quintile 1 (least deprived)  - 9.5 25.3 26.1 16.5 

    Quintile 2  - 18.7 21.4 22.2 17.0 

    Quintile 3  - 26.5 18.3 16.9 18.1 

    Quintile 4  - 23.8 18.3 19.0 17.2 

    Quintile 5: (most deprived)  - 21.5 16.7 15.8 31.3 

Abbreviations: PM: particulate matter; SD: standard deviation; BMI: body mass index; PI: Pacific Islander; AI/AK: American 

Indian/Alaska Native  

a: Percentages may not add up to 100% due to rounding. 

b: Based on mean of annual values from 1990-1994. 

c: n=3,968 women were missing BMI data and excluded from the mean and SD computation.  

d: Underweight and normal: BMI <25.0 kg/m2; overweight: 25.0-29.9 kg/m2; obese: ≥ 30.0 kg/m2.  



72 

 

Table 2-2. Associations between long-term residential PM2.5 and NO2 concentrations and risk of endometrial and ovarian 

cancers in the NIH-AARP cohort a 

Endometrial Cancer   Ovarian Cancer 

 PM2.5 Cases HR (95% CI) 

Model 1 b 

HR (95% CI)  

Model 2c
   

 Cases  HR (95% CI)  

Model 1 b 

HR (95% CI)  

Model 2c 

Per 5 μg/m3 3,088 1.00 (0.92-1.08) 0.97 (0.87-1.08) Per 5 μg/m3 1,582 0.94 (0.84-1.05) 0.93 (0.79-1.08) 

    Q1 719 1.00 (referent) 1.00 (referent)     Q1 400 1.00 (referent) 1.00 (referent) 

    Q2 782 0.97 (0.86-1.10) 0.98 (0.86-1.11)     Q2 405 1.00 (0.85-1.17) 0.99 (0.84-1.17) 

    Q3 777 0.97 (0.86-1.11) 0.98 (0.84-1.14)     Q3 381 0.95 (0.79-1.13) 0.94 (0.77-1.15) 

    Q4 810 0.99 (0.87-1.13) 1.00 (0.85-1.17)     Q4 396 0.94 (0.79-1.13) 0.94 (0.75-1.17) 

p for trend  0.90 0.90   0.67 0.85 

     

NO2 Cases HR (95% CI)  

Model 1 b 

 

HR (95% CI)  

Model 2c 

 Cases HR (95% CI)  

Model 1 b 

HR (95% CI)  

Model 2c 

Per 5 ppb 3,088 1.01 (0.98-1.04) 1.02 (0.97-1.06) Per 5 ppb 1,582 0.99 (0.95-1.03) 1.01 (0.95-1.07) 

    Q1 751 1.00 (referent) 1.00 (referent)     Q1 408 1.00 (referent) 1.00 (referent) 

    Q2 730 0.96 (0.87-1.07) 0.96 (0.86-1.07)     Q2 370 0.92 (0.79-1.06) 0.93 (0.80-1.08) 

    Q3 786 0.98 (0.88-1.09) 0.98 (0.87-1.11)     Q3 415 1.01 (0.87-1.17) 1.03 (0.88-1.22) 

    Q4 821 0.99 (0.88-1.11) 0.99 (0.86-1.14)     Q4 389 0.94 (0.80-1.11) 0.98 (0.80-1.21) 

p for trend  0.90 0.90   0.57 0.90 

 
a: Abbreviations: PM: particulate matter; NO2: nitrogen dioxide; HR: hazard ratio; CI: confidence interval, μg/m3: micrograms per cubic meter; ppb: parts per billion. 

b: Adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation index, body mass index (endometrial cancer only), and 

state of residence.  

c: Adjusted for Model 1 covariates and mutually adjusted for either NO2 or PM2.5. 
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Table 2-3. Association between long-term residential PM2.5 (per 5 μg/m3) concentrations and risk of endometrial and 

ovarian cancers in the NIH-AARP cohort, by state, BMI category, and NDI quintilesa 

  ENDOMETRIAL CANCER (N=116,380) OVARIAN CANCER (N=140,228) 

  Cases 

Mean ± SD 

(μg/m3)b 

HR (95% CI) 

Model 1c 

HR (95% CI) 

Model 2d Cases 

Mean ± SD 

(μg/m3)b 

HR (95% CI) 

Model 1c 

HR (95% CI) 

Model 2d 

State of residencee 

    California 1030 19.7 ± 4.5 0.99 (0.90-1.10) 0.96 (0.82-1.13) 570 19.7 ± 4.5 0.88 (0.77-1.01) 0.82 (0.66-1.02) 

    Florida 520 15.1 ± 1.8 0.92 (0.83-1.03) 0.94 (0.84-1.06) 294 15.1 ± 1.8 1.04 (0.90-1.21) 1.06 (0.91-1.24) 

    Georgia (Atlanta) 81 21.8 ± 1.7 1.70 (1.16-2.48) 1.52 (0.85-2.73) 46 21.7 ± 1.7 1.06 (0.65-1.71) 1.03 (0.47-2.27) 

    Louisiana 92 17.8 ± 2.0 1.02 (0.75-1.37) 0.80 (0.51-1.26) 58 17.8 ± 2.0 0.95 (0.64-1.40) 1.10 (0.61-1.99) 

    Michigan (Detroit) 151 20.5 ± 2.0 0.92 (0.71-1.18) 0.82 (0.57-1.19) 62 20.6 ± 2.0 1.42 (0.92-2.18) 1.18 (0.65-2.13) 

    North Carolina 194 18.6 ± 2.3 0.89 (0.73-1.09) 0.84 (0.63-1.12) 123 18.6 ± 2.3 0.92 (0.72-1.18) 0.80 (0.56-1.13) 

    New Jersey 497 19.0 ± 2.2 1.01 (0.88-1.15) 1.01 (0.83-1.24) 189 19.0 ± 2.2 0.97 (0.78-1.21) 1.01 (0.73-1.41) 

    Pennsylvania 523 20.6 ± 2.1 1.15 (1.02-1.29) 1.17 (1.01-1.35) 240 20.6 ± 2.1 1.20 (1.01-1.42) 1.21 (0.98-1.49) 

p-intf     0.71 0.72     0.67 0.65 

BMI categoryg 

    Underweight and normal 840 18.7 ± 3.6 1.02 (0.88-1.18) 0.96 (0.78-1.19) 696 18.6 ± 3.6 0.92 (0.79-1.09) 0.92 (0.73-1.17) 

    Overweight 904 18.8 ± 3.6 1.04 (0.90-1.21) 0.93 (0.75-1.15) 480 18.7 ± 3.6 0.94 (0.77-1.14) 0.80 (0.60-1.07) 

    Obese 1260 19.0 ± 3.6 0.97 (0.86-1.09) 1.01 (0.85-1.19) 356 19.0 ± 3.7 0.98 (0.79-1.22) 1.13 (0.82-1.54) 

p-intf     0.70 0.70     0.40 0.40 

Neighborhood Socioeconomic Deprivation Index Quintiles 

    Q1 (least deprived)  595 19.2 ± 2.8 0.86 (0.69-1.07) 0.81 (0.60-1.09) 336 19.1 ± 2.9 0.95 (0.72-1.25) 0.83 (0.57-1.21) 

    Q2  596 18.7 ± 3.4 1.03 (0.86-1.23) 1.10 (0.83-1.45) 332 18.6 ± 3.4 0.88 (0.69-1.13) 0.84 (0.58-1.23) 

    Q3  621 18.3 ± 3.8 1.02 (0.87-1.19) 1.04 (0.82-1.31) 308 18.3 ± 3.7 0.96 (0.75-1.22) 1.14 (0.80-1.62) 

    Q4  611 18.3 ± 3.7 1.00 (0.84-1.18) 1.12 (0.88-1.44) 317 18.2 ± 3.9 0.93 (0.76-1.15) 0.89 (0.64-1.23) 

    Q5: (most deprived)  665 19.4 ± 4.1 1.05 (0.90-1.22) 0.89 (0.72-1.10) 289 19.5 ± 4.1 0.99 (0.78-1.25) 1.00 (0.73-1.38) 

p-intf     0.07 0.42     0.40 0.42 

a: Abbreviations: PM: particulate matter; HR: hazard ratio; CI: confidence interval, μg/m3: micrograms per cubic meter 

b: During 1990–1994.  

c: Model 1: adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation index, body mass index (endometrial 

cancer only), and state of residence. 

d: Adjusted for Model 1 covariates and mutually adjusted for either NO2 or PM2.5. 

e: State-specific continuous models are adjusted by the following state-specific PM2.5 interquartile range for: California: 6.3 μg/m3 ; Florida: 1.8 μg/m3; Atlanta, 

Georgia: 2.0 μg/m3; Louisiana: 2.2 μg/m3; Detroit, Michigan: 2.2 μg/m3; North Carolina: 2.6 μg/m3; New Jersey: 2.4 μg/m3; Pennsylvania: 2.2 μg/m3. 

f: p for interaction. 

g: n=3,968 women with unknown BMI excluded from the endometrial cancer analysis and n=4,713 from the ovarian cancer analysis. 
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Table 2-4. Association between long-term residential NO2 (per 5 ppb) concentrations and risk of endometrial and ovarian 

cancers in the NIH-AARP cohort, by state, BMI category, and NDI quintiles  a 

  ENDOMETRIAL CANCER (N=116,380) OVARIAN CANCER (N=140,228) 

  Cases 

Mean ± SD 

(ppb)b 

HR (95% CI) 

Model 1c 

HR (95% CI) 

Model 2d Cases 

Mean ± SD 

(ppb)b 

HR (95% CI) 

Model 1c 

HR (95% CI) 

Model 2d 

State of residencee 

    California 1030 21.7 ± 11.2 1.01 (0.92-1.12) 1.04 (0.89-1.23) 570 21.7 ± 11.2 0.93 (0.80-1.08) 1.10 (0.87-1.39) 

    Florida 520 9.7 ± 3.6 0.90 (0.79-1.04) 0.93 (0.80-1.08) 294 9.7 ± 3.6 0.95 (0.78-1.16) 0.93 (0.75-1.14) 

    Georgia (Atlanta) 81 13.8 ± 4.2 1.57 (1.11-2.22) 1.15 (0.65-2.02) 46 13.7 ± 4.2 1.06 (0.63-1.79) 1.03 (0.44-2.44) 

    Louisiana 92 10.2 ± 5.0 1.23 (0.82-1.84) 1.54 (0.83-2.85) 58 10.4 ± 5.0 0.83 (0.48-1.45) 0.75 (0.33-1.74) 

    Michigan (Detroit) 151 15.1 ± 4.9 1.02 (0.71-1.47) 1.24 (0.74-2.09) 62 15.2 ± 4.9 1.72 (0.95-3.13) 1.47 (0.65-3.35) 

    North Carolina 194 8.9 ± 4.5 0.95 (0.73-1.24) 1.12 (0.76-1.65) 123 8.9 ± 4.5 1.05 (0.75-1.46) 1.31 (0.81-2.11) 

    New Jersey 497 17.5± 6.8 1.00 (0.86-1.16) 0.99 (0.79-1.24) 189 17.5 ± 6.8 0.95 (0.75-1.22) 0.94 (0.65-1.36) 

    Pennsylvania 523 16.0 ± 5.5 1.10 (0.94-1.28) 0.96 (0.79-1.17) 240 16.0 ± 5.5 1.14 (0.91-1.44) 0.98 (0.73-1.31) 

p-intf     0.35 0.32     0.76 0.79 

BMI categoryg 

    Underweight and normal 840 15.8 ± 8.9 1.01 (0.96-1.07) 1.02 (0.94-1.11) 696 15.8 ± 9.0 1.01 (0.95-1.06) 1.01 (0.93-1.09) 

    Overweight 904 15.9 ± 9.0 1.04 (0.98-1.09) 1.06 (0.98-1.14) 480 15.7 ± 9.1 1.04 (0.97-1.11) 1.09 (0.99-1.19) 

    Obese 1260 16.4 ± 9.2 0.99 (0.95-1.03) 0.99 (0.92-1.05) 356 16.3 ± 9.2 0.97 (0.89-1.04) 0.93 (0.84-1.04) 

p-intf     0.55 0.55     0.76  0.77 

Neighborhood Socioeconomic Deprivation Index Quintiles 

    Q1 (least deprived)  595 16.6 ± 7.5 0.98 (0.90-1.07) 1.03 (0.92-1.16) 336 16.6 ± 7.6 1.01 (0.92-1.11) 0.97 (0.86-1.10) 

    Q2  596 16.5 ± 8.6 1.00 (0.93-1.06) 0.97 (0.87-1.08) 332 16.4 ± 8.7 1.00 (0.92-1.09) 1.05 (0.93-1.19) 

    Q3  621 14.6 ± 9.2 1.00 (0.94-1.07) 0.99 (0.90-1.10) 308 15.3 ± 9.0 0.98 (0.90-1.07)  0.93 (0.83-1.05) 

    Q4  611 15.5 ± 8.9 0.97 (0.91-1.04) 0.94 (0.85-1.03) 317 14.4 ± 9.4 1.05 (0.97-1.14)  1.11 (0.99-1.24)  

    Q5: (most deprived)  665 16.9 ± 10.4 1.06 (1.00-1.12) 1.09 (1.01-1.18) 289 16.8 ± 10.3 1.00 (0.93-1.08)  1.02 (0.92-1.14)  

p-intf     0.02 0.02     0.42 0.40  

a: Abbreviations: NO2: Nitrogen Dioxide; HR: hazard ratio; CI: confidence interval, ppb: parts per billion 

b: During 1990–1994.  

c: Model 1: adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation index, body mass index (endometrial 

cancer only), and state of residence. 

d: Adjusted for Model 1 covariates and mutually adjusted for either NO2 or PM2.5. 

e: State-specific continuous model associations are per by the following state-specific NO2 interquartile range for: California: 14.0 ppb; Florida: 4.6 ppb; Atlanta, 

Georgia: 5.4 ppb; Louisiana: 7.8 ppb; Detroit, Michigan: 6.8 ppb; North Carolina: 6.5 ppb; New Jersey: 9.5 ppb; Pennsylvania: 7.6 ppb. 

f: p for interaction. 

g: n=3,968 women with unknown BMI excluded from the endometrial cancer analysis and n=4,713 from the ovarian cancer analysis. 
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Table 2-5. Associations between long-term residential PM2.5 and NO2 

concentrations and risk of endometrial and ovarian cancer histologic subtypes in 

the NIH-AARP cohort 

PM2.5 (per 5 μg/m3) 

ENDOMETRIAL CANCER (n=116,380) 

  Cases Mean ± SD (μg/m3)d 

HR (95% CI)a 

Model 1b 

HR (95% CI)a 

Model 2c 

Endometrioid 2368 15.7 ± 3.3 0.98 (0.90-1.07)  0.96 (0.85-1.09) 

Non-Endometrioid 583 16.2 ± 3.3 1.12 (0.94-1.35) 1.08 (0.84-1.39)  

Other 60 15.6 ± 3.2 0.71 (0.41-1.26) 0.78 (0.34-1.75)  

p-heterogeneity     0.21  0.61 

OVARIAN CANCER (n=140,228) 

  Cases Mean ± SD (μg/m3)d 

HR (95% CI)a 

Model 1b 

HR (95% CI)a 

Model 2c 

Serous 729 15.6 ± 3.3 0.92 (0.79-1.07)  0.84 (0.67-1.06) 

Endometrioid 112 15.7 ± 3.3 1.00 (0.68-1.48)  1.14 (0.66-1.99) 

Mucinous 51 15.2 ± 2.8 1.01 (0.48-2.09)  1.60 (0.63-4.06) 

Clear Cell 28 16.5 ± 2.6 1.48 (0.73-3.00)  1.81 (0.68-4.85) 

Other Epithelial 414 15.7 ± 3.3 0.90 (0.73-1.10)  0.83 (0.62-1.13) 

Non-Epithelial 75 16.1 ± 3.2 1.50 (0.91-2.47)  1.86 (0.93-3.69) 

Other 125 15.4 ± 3.6 0.72 (0.47-1.11) 0.61 (0.33-1.14)  

p-heterogeneity     0.34 0.10  

NO2 (per 5 ppb) 

ENDOMETRIAL CANCER (n=116,380) 

  Cases Mean ± SD (ppb)d 

HR (95% CI)a 

Model 1b 

HR (95% CI)a 

Model 2c 

Endometrioid 2368 16.2 ± 9.2 1.00 (0.97-1.03) 1.01 (0.96-1.06)  

Non-Endometrioid 583 17.2 ± 9.7 1.05 (0.98-1.12) 1.02 (0.93-1.13) 

Other 60 14.8 ± 9.1 0.88 (0.70-1.12) 0.95 (0.68-1.34) 

p-heterogeneity     0.23 0.92 

OVARIAN CANCER (n=140,228) 

  Cases Mean ± SD (ppb)d 

HR (95% CI)a 

Model 1b 

HR (95% CI)a 

Model 2c 

Serous 729 16.1 ± 9.1 1.00 (0.94 – 1.06)  1.05 (0.96-1.15) 

Endometrioid 112 16.0 ± 9.7 0.97 (0.83 – 1.12)  0.93 (0.75-1.16) 

Mucinous 51 13.5 ± 5.6 0.86 (0.65 – 1.14)  0.76 (0.53-1.10) 

Clear Cell 28 17.7 ± 7.4 1.05 (0.82 – 1.35)  0.90 (0.62-1.30) 

Other Epithelial 414 15.9 ± 9.0 0.99 (0.91 – 1.07)  1.04 (0.92-1.17) 

Non-Epithelial 75 16.4 ± 9.9 1.05 (0.87 – 1.27)  0.89 (0.67-1.17) 

 Other 125 15.6 ± 7.7 0.91 (0.78 – 1.06)  1.10 (0.85-1.42) 

p-heterogeneity     0.82  0.50 
a: Model 1: adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation 

index, body mass index (endometrial cancer only), and state of residence. 

b: Adjusted for Model 1 covariates and mutually adjusted for either NO2 or PM2.5. 

c: During 1990–1994.  
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Chapter 4: Associations of exposure to carcinogenic industrial emissions and risk of 

endometrial and ovarian cancers 

 

 

INTRODUCTION 

Numerous pollutants are released into the ambient environment from industrial 

activity in the U.S. each year, including but not limited to releases from latex processing, 

tanneries, poultry farms, electricity generation, and waste water treatment plants155. These 

emissions include millions of pounds of known and probable carcinogens released to air, 

including benzene, ethylene oxide, and 1,3-butadiene, and potentially exposing 

communities residing proximal to these sources14. While a small number of occupational 

and environmental epidemiology studies have linked exposure to some of these 

chemicals and metals from industrial sources to the risk of several malignancies, 

including breast and lung cancer156-160, considerably less is known about cancer risks, and 

gynecologic malignancies specifically, associated with these exposures at levels present 

in the ambient environment.  

There is biologic plausibility to motivate research on environmental exposure to 

carcinogenic industrial emissions and gynecologic cancers, which may be related to these 

malignancies through diverse mechanisms. For instance, exposure to cadmium, a heavy 

metal primarily used in industrial processes such as battery and plastic production, has 

been shown to induce oxidative stress, promote chronic inflammation, and damage DNA, 

supporting the plausibility of associations with cancers at multiple organ sites161. 

Polychlorinated biphenyls (PCBs), a historically common industrial emission that persist 

in the environment despite no longer being used commercially, are recognized endocrine 

disruptors92,162,163, which can alter the function of the endocrine system including 
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estrogen signaling pathways, posing a potential risk for estrogen-dependent 

malignancies93. Additionally, benzene, a colorless, flammable liquid that is used in 

petrochemical production and plastics manufacturing, also been shown to damage DNA 

and is associated the development of adult lung cancer, leukemia, and lymphoma at high 

levels of exposure164,165.  

The biologic plausibility and limited research to-date provide strong support for 

investigation of the associations between airborne industrial emissions of carcinogenic 

chemicals and the etiology of endometrial and ovarian cancers. Importantly, the 

epidemiologic evidence for the classification of many human carcinogens comes 

predominantly from occupational settings, and the underrepresentation of women in 

occupational studies has limited the evaluation of these exposures in relation to female 

gynecological cancers specifically87. The goal of this study was to evaluate associations 

with these emissions near the residence and risk of ovarian and endometrial cancer 

among women in a large, geographically diverse study population in the U.S. 

MATERIAL AND METHODS  

Study population and cancer ascertainment.   

We used data from two large prospective U.S. cohorts with geocoded residential 

addresses, the NIH-AARP cohort and the Prostate Lung Colorectal and Ovarian (PLCO) 

Cancer Screening Trial cohort, to generate a pooled study population. The NIH-AARP 

cohort design, population, and cancer ascertainment are described in Chapter 3.  

The PLCO Cancer Screening Trial is a  population-based randomized controlled 

trial that initially aimed to determine whether certain screening exams reduced mortality 

from prostate, lung, colorectal, and ovarian cancers. While the screening component of 
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the PLCO trial ended in 2006, the trial ultimately transitioned into an epidemiologic 

cohort when the participants of the control arm were followed prospectively to assess 

cancer incidence and mortality166. This cohort includes 152,074 men and women aged 

55-74 years old from 10 screening centers across the U.S (Birmingham, Alabama; 

Denver, Colorado; Detroit, Michigan; Honolulu, Hawaii; Marshfield, Wisconsin; 

Minneapolis, Minnesota; Pittsburgh, Pennsylvania; Salt Lake City, Utah; St. Louis, 

Missouri; and Washington, District of Columbia). Self-administered questionnaires were 

completed at enrollment (1993-2001) that collected information on demographics, 

medical history, family history and various lifestyle and dietary risk factors. The PLCO 

cohort was expanded to include incidence of other major cancers that developed 

prospectively from enrollment and includes follow-up through December 31, 2018. All 

cancer diagnoses were ascertained via annual questionnaires, medical record review, and 

linkage with state tumor registries. Of these registries, 13 were “home-state” registries in 

which there was one state registry for each screening center, with some centers having 

multiple associated states (e.g., Washington, D.C., Maryland, and Virginia were 

considered home state registries for The Georgetown University center) and six 

additional registries were chosen based on the most recent current address of the PLCO 

participants outside of the home states of the centers as of 2012167. A validation study 

determined the cancer case ascertainment in the cohort has a sensitivity of over 96.4%167. 

Among the 152,074 PLCO participants, 90,250 (59%) consented to have their addresses 

geocoded, completed the baseline questionnaire, and had no personal history at the time 

of randomization and were eligible for inclusion in this work. A separate evaluation 



79 

 

determined that the population consenting to the geocoding did not meaningfully differ 

from the full study population with respect to key demographic characteristics168.   

Ovarian cancer was classified according to the International Classification of 

Diseases for Oncology (ICD-O; third edition) site codes: C56.9 for ovary, C57.0 for 

fallopian tube, and C48.1 and C48.2 for peritoneum 139 and endometrial cancer was 

classified using codes: C54.0, C54.1, C54.2, C54.3, C54.8, C54.9, and C55.9139. Person-

years of follow-up for the PLCO participants were calculated from the date of 

randomization to the control arm to whichever came first: the date that participants were 

diagnosed with ovarian or endometrial cancer, died, moved out of a registry 

ascertainment area, were lost to contact tracing, or the end of the follow-up period 

(December 31, 2018). 

Subject selection:  

Among the NIH-AARP cohort’s women (N=241,233), we excluded individuals 

for whom we could not link ambient air pollution data for confounding assessment 

(N=377), had a proxy respondent complete their survey (N=15,760), or had a cancer 

diagnosis prior to study enrollment (N=23,390). For the ovarian cancer analysis, we 

further excluded women for whom a TRI data linkage could not be accomplished due to 

poor geocode quality (N=11,963), who were found to have died of ovarian cancer during 

follow-up, but the diagnosis was not confirmed in the registries (N=418), had an ovarian 

cancer diagnosis prior to enrollment (N=13) or reported having a bilateral oophorectomy 

(N=61,063) before enrollment (we retained women reporting a single oophorectomy). For 

the endometrial cancer analysis, we similarly excluded women in the cohort who died of 

endometrial cancer, but the diagnosis was not confirmed by registry (N=215), the TRI 
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data linkage could not be accomplished (N=9,618) due to poor geocode quality, were 

diagnosed prior to enrollment (N=54), or reported having a hysterectomy (N=85,209) 

before enrollment.  

 Among the PLCO cohort participants included in the geocoded subset, we 

excluded males (N=77,418). For the ovarian cancer analysis, we further excluded women 

who had a bilateral oophorectomy before enrollment (N=5,561). For the endometrial 

cancer analysis, we similarly excluded women who had a hysterectomy before enrollment 

(N=15,566). Additionally, unlike in the NIH-AARP cohort, PLCO participants reported 

oophorectomies and hysterectomies performed after enrollment in follow-up interviews 

(supplemental questionnaire (SQX)). Of participants who responded to this question 

(72% of the PLCO analytic subset), 1,004 (3) reported having an oophorectomy and 

2,784 (6%) women reported having a hysterectomy in the SQX. Due to the inconsistency 

of this question being reported for both cohorts, and because the SQX was not completed 

by all PLCO participants, which in full contributed 25% of the combined study 

population, we did not censor these women at the time of subsequent oophorectomy or 

hysterectomy during follow-up for analyses. Therefore, the final pooled cohort included 

167,617 women and 3,544 cancer cases eligible for the ovarian cancer analysis and 

136,070 women and 3,544 cancer cases eligible for the endometrial cancer analysis.  

All participants provided written informed consent, and the original studies was 

approved by the IRBs at the NIH and each of the PLCO screening centers. Additionally, 

since our analysis uses secondary, non-personally identifiable data from the NIH-AARP 

and PLCO cohorts, we received a determination of non-human subjects research from the 

NIH IRB. 
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Exposure Assessment.  

The U.S. Environmental Protection Agency’s Toxics Release Inventory (TRI) 

Program has tracked annual emissions of over 500 chemicals to air from over 50,000 

industrial facilities since 1987 under the Emergency Planning and Community Right-to-

Know Act. Industrial facilities are required to report to TRI based on size of the operation 

and volume of emissions of specific chemicals of concern to public health. These 

emissions are widespread across the U.S., with a higher burden in  communities with less 

than a high school education and those experiencing poverty14.   

We focused this work on cancer risk associations with TRI chemicals that are 

known human carcinogens, defined as Group 1 agents by the International Agency for 

Research On Cancer (IARC)169. Of the 132 chemicals and metals currently classified as 

Group 1, we prioritized the evaluation of agents that have been previously linked to any 

female cancers, including ethylene oxide159 170 and asbestos171, and also evaluated 

associations of the remaining Group 1 chemicals and metals that are reportable to TRI 

(Table 3-1). After linking the cohort enrollment addresses to the TRI dataset, we 

estimated participant’s annual residential exposures for each chemical or metal using an 

inverse distance weighted (IDW) squared average emissions index (AEI) for air releases 

(in pounds) within proximity to at least one industrial facility. We first classified 

participants as living within 1km, 2km, 3km, 5km, and 10km of any facility for a given 

chemical, in non-mutually exclusive groups. We chose these distances to account for the 

variation in environmental fate and transport of these chemicals and metals in air, 

including the expectation that some metals can travel as far as 10km, whereas some of the 

more volatile agents may transform or degrade within shorter distances172,173. Within each 
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distance, we calculated the annual IDW squared AEIs by dividing the yearly emissions 

for each facility by the square of the distance between the residence and the facility. To 

account for prevailing wind direction, we multiplied the proportion of months the 

participant enrollment address was downwind of the facility by the annual emissions of 

the chemical of interest for each year. We then summed the wind adjusted IDW emissions 

of each chemical for all facilities within each of the distance thresholds at the residence in 

each year using the formula: ∑ (% downwind * pounds of chemical / km2). Then, we 

averaged  the year-specific wind-adjusted AEI across the exposure period, during the 9-

year period prior to enrollment (1987-1995 for AARP and 1988-1995 for PLCO).  

Statistical Analysis.  

We conducted descriptive analyses (primarily univariate frequencies and 

percentages) to evaluate demographic characteristics, cancer risk factors, and other 

potential confounders across the distribution of Group 1 carcinogen exposures of interest. 

We used cox proportional hazards regression to estimate hazard ratios (HRs) and 95% 

confidence intervals (CIs) for associations between the AEIs and incident ovarian and 

endometrial cancers with follow-up time in the study (years) as the underlying time 

metric. We evaluated associations overall, and separately (for each cancer) by body mass 

index (BMI) and major histologic subtype (for ovarian cancer: serous, endometrioid, 

mucinous, clear cell, other epithelial, non-epithelial and other; for endometrial cancer: 

endometrioid, non-endometrioid, and other).  

After assessing the prevalence of exposure at all distances (Tables 3-2 and 3-3), 

we determined that prevalence was similar at 4km and 5km and herein present 

associations estimated at 1km, 2km, 3km, 5km, and 10km. Due to the high proportion of 
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non-exposed participants (i.e., zero emissions within the specified distance category) 

across most chemicals and metals, we evaluated associations based on categorical 

comparisons of exposure with the non-exposed as the referent group.  To ensure the 

robustness of the analysis, we ultimately estimated associations at these distances in the 

maximum number of categories of the AEI possible (either tertiles or quartiles) that 

maintained minimum of 10 exposed cases in each category. Thus, we excluded chemicals 

and metals where this threshold was not met at the 10km distance in tertiles from our 

analyses (the farthest distance/smallest categorization possible), resulting in an evaluation 

of n=16 chemicals and metals for endometrial cancer and n=14 for ovarian cancer. The 

proportional hazards assumption was evaluated in models via visual assessment and 

testing of the scaled Schoenfeld residuals. We evaluated exposure-response across tertiles 

and quartiles by parameterizing the median of each AEI quartile as a continuous variable 

in a Wald test and assessing a test for trend (p-trend).  Additionally, we tested for 

statistical interactions using a likelihood ratio test (p-het) comparing models with and 

without interaction terms between BMI and the AEI. We also evaluated heterogeneity in 

HRs by histologic subtype using joint Cox models174. The alpha criterion for all statistical 

tests was set at 0.05. 

We used a combined approach to select covariates for inclusion in regression 

models with a goal of identifying parsimonious models that also addressed key 

confounders of interest. First, we identified factors associated with ovarian and 

endometrial cancer risk and/or with industrial air pollution. From this list, we developed a 

directed acyclic graph (DAG; Figure 3-1 and 3-2) to identify potential causal pathways 

and a minimally sufficient adjustment set of covariates. Both cohorts have similar levels 
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of detail collected from participants such as race and ethnicity, educational attainment, 

smoking history, and anthropometric characteristics including BMI. We harmonized the 

data across the cohorts by creating the most specific categories possible for a given 

question/characteristic based on the study with the least amount of detail reported for that 

question/characteristic. To evaluate whether the factors in the minimally sufficient set 

from the DAGs operated as true confounders in our data, we used a forward selection 

procedure and change-in-estimate approach to determine inclusion on a chemical/metal-

specific basis at each distance. Variables that changed the effect estimate for a given AEI-

cancer association by 10% or more were included as covariates in the final models. 

Covariate information was missing for ≤3% of participants; therefore, we coded 

unknown/missing for each variable as a separate category for analysis.  Model covariates 

included state of residence, age (continuous), race and ethnicity (Non-Hispanic White; 

Non-Hispanic Black; Hispanic, Asian, Pacific Islander, or American Indian/Alaska 

Native, or Unknown or missing), smoking status and intensity [never smokers, former 

smokers (<1 pack a day), former smokers (1-2 packs a day), former smokers (2+ packs a 

day), current smokers or just quit (<1 pack a day), current smokers or just quit (1-2 packs 

a day), current smoker or just quit (2+ packs a day), or missing], socioeconomic status 

(SES; Yost Index in tertiles: Tertile 1, Tertile 2, Tertile 3, or missing), and an indicator 

variable for cohort (NIH-AARP or PLCO). Endometrial cancer analyses were 

additionally adjusted for BMI (<25, 25–29, ≥ 30.0 kg/m2, or missing) since obesity is a 

major risk factor137.  

We also computed correlations among exposures between each chemical and 

metal at each of the distances. Spearman rank correlations for AEIs ranged from weak to 
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moderate at 1km (ρ=-0.01-0.62 across the endometrial and ovarian cancer analytic 

groups) and increased with distance across chemicals (10km ρ=-0.01-0.81; Figures 3-3 to 

3-12). We adjusted the final models for additional TRI chemicals and metals that were 

correlated at a threshold of ρ>±0.30 and their inclusion as a covariate led to a change in 

the effect estimate of at least 10%; evaluated separately for analyses of each cancer site. 

For the ovarian cancer analysis, this resulted in an additional adjustment of 1,3-butadiene 

models at 10km for benzene emissions and the benzene models at 3km, 5km, and 10km 

for 1,3-butadiene emissions. For the endometrial cancer analysis, we additionally 

adjusted 1,3-butadiene models at 5km and 10km for benzene; benzene models at 2km, 

3km, 5km, and 10km for 1,3-butadiene; 1,2 di-chloropropane models at 10km for 

bis(chloromethyl), and models of chromium and chromium compounds at 1km and 10km 

were adjusted for nickel emissions. We also evaluated PM10 and NO2 as potential 

confounders, as concentrations of these ambient pollutants have been shown to be 

elevated in proximity to industrial emissions sites175; we used an eight-year average 

(1988-1995) of annual levels of NO2 and PM10 estimated at the census tract. Correlations 

between the AEIs and PM10 and NO2 were low across most chemicals, with moderate 

correlations (ρ<0.6) observed with metals and a few other agents, mainly at 5 and 10km 

(Figures 3-13 to 3-16). Neither PM10 and NO2 met the criterion of both a correlation of 

ρ>±0.30 and leading to a 10% change in effect estimate for the cancer associations with 

any agent, thus these pollutants were not included in final models.  

Since reproductive factors including parity, menopausal hormone therapy use, and 

age at menarche are associated with both ovarian and endometrial cancers176-179 but they 
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were not part of the minimally sufficient set of factors derived from the DAGs for either 

cancer, we conducted post-hoc analyses with these reproductive factors in the model.  

RESULTS 

Overall, most women included in the analyses were participants of the NIH-

AARP cohort (<75%) and non-Hispanic White (<85%); over 95% were postmenopausal 

with a median age of 62 years old (Tables 3-4 and 3-5). The mean length of follow-up 

was 18 years in both analytic subsets. Among women in the endometrial cancer subset, 

73% lived within 10km of any facility emitting a Group 1 carcinogen, while 

approximately 14% lived within 2km to any facility. Further, while women who were 

obese made up 21.8% of the pooled cohort in these analyses, they represented a larger 

proportion (26.4%) of women living within 2km of any facility emitting a Group 1 

carcinogen (Table 3-4). Patterns were similar among the group of women in the ovarian 

cancer analyses (Table 3-5).  

In multivariable models, endometrial cancer risk was elevated in association with 

the highest emissions category of benzene within 3km of the home (HR Q4 vs. non-

exposed=1.36, 95%CI=0.98-1.89; p-trend=0.07; Table 3-6). The positive association 

remained within 5km of the home (HR Q4 vs. non-exposed=1.28, 95%CI=1.02-1.61; p-

trend=0.03) and was evident but weaker within 10km  of the home (HR Q4 vs. non-

exposed=1.09; 95%CI=0.93-1.28; p-trend=0.32). The positive association was also 

apparent but much less precise within 2km of the home, the shortest distance we could 

evaluate, with 18 exposed cases in Q4 (HR Q4 vs. non-exposed=1.21, 95%CI= 0.72-

2.02; p-trend=0.48). Endometrial cancer risk was weakly elevated with the ethylene oxide 

AEI within 5km (HR Q4 vs. non-exposed=1.12, 95%CI=0.89-1.40; p-trend=0.35) and 
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10km (HR Q4 vs. non-exposed=1.08, 95%CI=0.94-1.24; p-trend 0.26) of the home. 

Likewise, endometrial cancer risk was elevated in the highest tertile of the cadmium AEI 

within 5km of the home compared to the non-exposed (HR Q4=1.09, 95%CI=0.85-1.41; 

p-trend=0.52), and within 10km of the home (HR Q4=1.10, 95%CI=0.94-1.28; p-

trend=0.21). We observed no endometrial cancer associations with other chemicals or 

metals.  

In ovarian cancer models (Table 3-7), risk was elevated in the highest emissions 

category of benzene within 3km of the home (HR Q4 vs. non-exposed=1.45, 

95%CI=0.92-2.28; p-trend=0.11) and the magnitude of association weakened with 

increasing distance (5km HR Q4=1.39, 95%CI=1.03-1.88; p-trend=0.04 and 10km HR 

Q4=1.32, 95%CI=1.07-1.63; p-trend =0.01); we were unable to evaluate associations at 

shorter distances. Likewise, ovarian cancer risk was elevated in the highest tertile of the 

cadmium AEI within 3km of the home compared to the non-exposed (HR T3=1.52, 

95%CI=0.97-2.37; p-trend=0.08), 5km (HR T35km=1.11, 95%CI=0.80-1.55; p-

trend=0.52), and within10km of the home (HR T310km=1.15, 95%CI=0.94-1.40; p-

trend=0.17). Ovarian cancer risk was also elevated with the ethylene oxide AEI within 

10km of the home (HR T3 vs. non-exposed=1.16, 95%CI=0.96-1.40; p-trend=0.15). We 

observed a positive, but imprecise association with the top tertile of the chromium and 

chromium compounds AEI within 1km of the home based on 15 cases (HR T3=1.39, 

95%CI=0.84-2.32; p-trend=0.20). At greater distances, associations with chromium and 

chromium compounds lacked a clear pattern and were weakly positive or null within 

2km, 3km, 5km, and 10km of the home (HR T32km=1.07, 95%CI=0.80-1.42; p-

trend=0.69; HR T33km=1.02, 95%CI=0.83-1.26; p-trend=0.81; HR T35km=1.04, 
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95%CI=0.89-1.22; p-trend=0.69; HR T310km=1.04, 95%CI=0.91-1.19; p-trend=0.41). We 

also found a weak positive association within 10km of the home in the top quartile of the 

asbestos AEI compared to the non-exposed (HR=1.22, 95%CI=0.93-1.61; p-trend=0.16), 

but not within 5km of the home, and we could not evaluate associations at shorter 

distances. We found no ovarian cancer associations with other chemicals or metals.  

 In sensitivity analyses, associations in models with additional adjustment for 

reproductive factors were consistent with our findings in the main analysis for both 

cancers (Table 3-8 and 3-9). We also found no evidence that participants’ BMI reported at 

baseline modified the association between Group 1 agents and either cancer (Table 3-10 

and 3-11). In analyses by histologic subtype, we found an elevated, although not 

statistically significant, risk for non-endometrioid endometrial tumors in association with 

the top tertiles of the asbestos AEI within 10km of the home (H3 T2 vs. non-

exposed=1.37, 95%CI=HR T3 vs non-exposed=1.31, 95%CI=0.90-1.90; p-trend=0.12; 

Table 3-12) whereas no association was evident for endometrioid tumors (HR T3 vs non-

exposed=0.91, 95%CI=0.72-1.14; p-trend=0.41; p-het=0.33). For ovarian cancer, we 

found an elevated risk of serous tumors (HR T3 vs. non-exposed: 1.31, 95%CI=0.89-

1.92; p-trend =0.14) and a stronger association for non-epithelial tumors (HR T3 vs. non-

exposed: 1.72, 95%CI=1.06-2.77; p-trend =0.02; p-het=0.07) in association with the top 

tertile of the benzene AEI within 5km of the home (Table 3-13).  

DISCUSSION 

In this pooled cohort of women residing in 15 states in the U.S, we observed an 

increased risk of both endometrial and ovarian cancers among those living near industrial 

point sources with relatively high air emissions of benzene. This association was 
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strongest within 2km  and 3km of the home for endometrial and ovarian cancer analyses, 

respectively, and was robust to adjustment for multiple potential confounding factors and 

1,3-butadiene. We also found some elevated, although imprecise, associations for both 

cancers with exposure to ethylene oxide and select metals. Our data also suggested some 

evidence for heterogeneity in associations by histologic subtype that may be useful to 

inform the potential mechanisms underlying these relationships. 

Our finding of positive endometrial and ovarian cancer associations with benzene 

emissions close to the residence, and a considerable weakening of the effect by 10km, is 

consistent with the known fate of benzene in air. Once emitted, benzene rapidly 

undergoes chemical degradation reactions which limit the atmospheric residence time of 

this highly volatile chemical from days to several weeks172. However, benzene transport 

in air has been demonstrated out to 1km or more180, and persistent emissions from a 

stationary source can lead to continual exposure for populations in proximity to these 

emissions. Our results corroborate those of a small number of occupational studies that 

have found an association between exposure to benzene and ovarian and/or endometrial 

cancer risk among factory workers181-183. An ecologic study in Spain also found that 

living near certain types of industries including paper and wood production, production 

and processing of metals, and surface treatment of metals and plastic, where benzene 

emissions were common, was associated with increased risk of ovarian cancer 

mortality71. Benzene is a genotoxic agent, targets the hematopoietic and immune systems, 

and is strongly linked to leukemia in adults with prolonged or high-level exposures164. 

Benzene is also suspected to have endocrine-disrupting properties184, which may offer 

mechanistic support for the observed relationship with these gynecologic cancers. Studies 
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in mice have observed that long term exposure to endocrine disrupting chemicals such as 

benzene is involved in the progression, if not initiation, of both ovarian and endometrial 

cancer cell growth22,23. Importantly, benzene emissions in the U.S. are widespread, and 

not limited to industrial processes; they include anthropogenic emissions from burning 

coal and oil, gas stations, and vehicle exhaust as well as natural sources (e.g., volcanic 

emissions, forest fires)185. Because limited human studies of benzene and these cancers 

have near-exclusively been conducted in occupational settings with different exposure 

profiles, and the diversity of benzene-emitting sources in the U.S., consideration of both 

industrial and other benzene sources is an important avenue for future work that may 

shed new light on these relationships.   

Our finding that residential exposure to ethylene oxide may potentially increase 

the risk of developing both ovarian and endometrial cancers is to our knowledge the first 

such observation in a non-occupational study. Ethylene oxide is a colorless and odorless 

gas commonly used as a sterilizing agent and in the manufacturing of detergents, plastics, 

and antifreeze186. Once released into the atmosphere by industrial facilities, ethylene 

oxide degrades slowly in ambient air, primarily through reactions with photochemically 

produced hydroxyl radicals187. Its physical properties enable it to travel moderate 

distances from emission sources depending on weather conditions, emission volume, and 

dispersal in the surrounding air; as a result, individuals living near ethylene oxide- 

emitting facilities may experience elevated exposure levels. Exposure to this chemical 

has been associated with hematopoietic cancers such as leukemia and lymphoma, 

primarily in occupational studies170,188,189 and with breast cancer incidence and mortality 

in a few environmental epidemiologic studies159,190,191. While exposure has been shown to 
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increase incidence of adenocarcinomas in the uterus in mice192, to our knowledge, no 

studies have examined the potential for ethylene oxide to initiate or promote ovarian 

tumors. Although the suggestive positive association we observed with both cancers is 

intriguing, we acknowledge the limited power to detect these associations at most 

distances other than 10km, and particularly for ovarian cancer. The associations with 

ethylene oxide observed at 10km for both cancers were weak and non-monotonic, so 

while there is plausibility for these relationships, it is also possible that our findings are 

due to chance.  

We also observed an increase in risk of ovarian cancer among those with the 

highest emissions of chromium and chromium  compounds within 1km of participant 

residences and the association decreased with greater distance from the emissions source. 

Chromium and chromium compounds are primarily used in textile and leather tanning 

industries and established as a risk factor for lung cancer in several occupational studies 

of airborne exposure193-195. No epidemiologic studies have examined the association with 

gynecological cancers. However, chromium exposure has been shown to induce DNA 

strand breaks in lymphocytes196,197, which play a key role in recognizing and eliminating 

cancer cells. A higher lymphocyte count has been inversely associated with ovarian 

cancer198, suggesting that immune pathways may be play a role in chromium-induced 

carcinogenesis. One challenge to interpreting our findings for chromium is that the 

emissions data from TRI includes all types of chromium together whereas only chromium 

VI is a known human carcinogen196. Both chromium III compounds197 and metallic 

chromium199 are currently classified by IARC as Group 3 agents, which are unclassifiable 

as to carcinogenicity in humans. Therefore, we could not conclusively determine whether 
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a particular form of chromium might be driving the association or perhaps if the 

chromium mixture itself is underlying the relationship. Studies with improved specificity 

in the exposure assessment, such as ability to isolate the individual types of chromium, 

are needed to further address this question.  

We found some limited evidence of association between relatively high levels of 

airborne asbestos emissions and risk of endometrial cancer at 3km and 10km and ovarian 

cancer within 10km of the home. Asbestos includes a group of naturally occurring 

mineral fibers that are historically used in building construction materials due to its 

strength and heat resistance. Asbestos is primarily transported through air through 

microscopic fibers that are released from asbestos-containing materials, and 

concentrations diminish with increasing distance from the source200. It is genotoxic, and 

in occupational studies, exposure has been linked primarily to mesothelioma of the lung 

and with bladder cancer196. Very few studies of point source emissions of asbestos and 

any cancer have been conducted, in part because of the relatively small numbers of such 

environmental sources201. This was also apparent in our study, in which the prevalence of 

exposure to asbestos was quite low.  While we interpret the relatively weak associations 

between this agent and both cancers as being interesting and plausible, it is also important 

to recognize the instability of our risk estimates due to the small numbers of exposed 

cases. Notably, IARC considers evidence for asbestos and ovarian cancer to be sufficient 

based on occupational studies202, making this the rare scenario of prior studies finding a 

clear link with a female malignancy other than breast cancer. Further, asbestos has been 

shown to contaminate products containing talc203,204, a naturally occurring mineral often 

found in cosmetic and baby powder products and recently classified by IARC as a 



93 

 

probable human carcinogen205. Considering this, our findings for asbestos are more 

interesting, as plausibility for the association (at least with ovarian cancer) has been more 

clearly demonstrated.  

Our examination of associations between by histologic subtype was an important 

opportunity to elucidate potential etiologic mechanisms. Our findings suggested an 

increase in risk of non-endometrioid uterine tumors (Type II) in association with higher 

levels of exposure to asbestos emissions within 10km of the residence. Type II tumors 

typically have poorer prognosis than other endometrial cancer subtypes and there is 

evidence that they are not as estrogen dependent as Type I tumors47,52.  Although the 

genetic basis of endometrial cancer susceptibility remains uncertain, non-endometrioid 

endometrial tumors tend to more frequently exhibit molecular and genetic alterations 

such as p53 mutations inactivation that play a role in cancer development152, which may 

lead to increased vulnerability to the carcinogenic effects of industrial emissions like 

asbestos. . We also found an elevated risk of serous ovarian tumors among women 

residing in areas with the highest emissions of cadmium within 10km of their residence. 

Cadmium is a soft metal that is often extracted for production of plastics, batteries, and 

metal coatings. The primary routes of exposure are inhalation of contaminated air 

(particularly from industrial facilities) and ingestion of contaminated food and water. 

While several studies have examined the association between ovarian cancer risk and 

long-term dietary cadmium ingestion, results are inconsistent206-209. There are no studies 

of airborne cadmium in relation to these two gynecologic cancers, although there have 

been some studies of breast cancer, the findings from which the evidence of association is 

mixed210,211. One possible explanation for our finding is that serous tumors, particularly 
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high-grade, are estrogen sensitive212,213 and cadmium has been shown to induce ovarian 

cancer cells proliferation by interacting with estrogen receptors214,215.  

We found no evidence that BMI modified the associations with either cancer in 

our analyses. We evaluated this potential interaction because obesity is an established risk 

factor for endometrial cancer47, is weakly associated with ovarian cancer32, and there is 

evidence that adipose tissue is a reservoir for lipophilic constituents of carcinogenic 

industrial emissions such as PCBs, dioxins and furans, arsenic, and nickel216,217. Women 

with higher BMI may also be more vulnerable to the effects of industrial emissions 

because overweight and obese individuals have increased levels of oxidated stress and 

inflammation, which are potential biological mechanisms for gynecological cancers32,47. 

Despite plausibility, our results did not indicate that the associations with any of the 

carcinogenic industrial emissions was stronger for overweight or obese women.  

Lastly, we did not observe associations for most other agents we evaluated, including 

EDCs such as vinyl chloride and bis (chloromethyl)ether (BCME). Vinyl chloride is a 

known liver carcinogen based on the occupational literature, although studies linking this 

chemical to uterine or ovarian cancers are lacking218. However, chemicals related to vinyl 

chloride production, including tetrachloroethylene, perchloroethylene, and other solvents, 

have generally not shown positive associations with these cancers. BCME is a known 

lung carcinogen based on occupational studies, particularly associated with small cell 

lung cancer, but studies on gynecologic cancers are also lacking219. Our lack of observed 

association may reflect the true (absence of a) relationship but also may be because 

prevalence of exposure was low for these chemicals in the cohort, especially compared to 

other chemicals such as benzene.  
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Strengths and Limitations   

The study had numerous strengths. Pooling two large prospective cohorts with 

nearly 20 years of prospective follow-up afforded sufficient power to evaluate many 

associations between exposures to carcinogenic emissions and risk of ovarian and 

endometrial cancer. We achieved this in part by employing a sophisticated geospatial 

exposure metric that accounted for distance to the emissions source and wind direction, 

and our interpretations are informed by knowledge of the environmental fate of each 

chemical or metal. Additionally, our pooled population resides in states with many of 

these point sources present, and in combination offered a broad range of geographic, 

racial and ethnic, and sociodemographic coverage with which to evaluate associations. 

We were able to assess historical exposures during a near decade-long period before 

study enrollment, given our expectation that past exposures are most reflective of the 

relevant etiologic periods for these solid tumors, both of which have long latency32,47.  

We also acknowledge some limitations. The TRI data used in our study are self-

reported from industry and reflect only an annual estimate of emissions released from an 

industrial facility rather than an objectively measured volume or an ambient 

concentration. Not all facilities are required to report to TRI and thus our assessment 

excluded smaller facilities with lower volumes of chemical releases. however, our ranked 

exposure categorization likely captured the overall population contrast in these emissions 

and allowed us to evaluate patterns of TRI emissions exposure and ovarian and 

endometrial cancer risk. The prevalence of TRI emissions of specific agents was also 

well below 50% for much of our population, particularly within 3km of one’s home, 

where we hypothesize the risk of developing an associated ovarian and/or endometrial 
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cancer would be the highest. Therefore, our statistical power to detect associations was 

limited for some chemicals. Another limitation of the TRI emissions data is that they are 

only semi-continuous, which did not allow for evaluation of linear associations directly 

and we instead evaluated exposure-response across categories of the AEI. Parameterizing 

the TRI emissions categorically with at least three groups may lead to bias towards the 

null for the exposure-response trend across categories220,221 and that limits our 

interpretations of analyses of trend. For this reason, we focused our interpretations 

primarily on the effect estimates in the highest exposure category compared to the non-

exposed. Additionally, as noted above, due to how certain agents are reported to the TRI, 

we were unable to distinguish or isolate specific metals in our exposure data, including to 

separate the more toxic hexavalent chromium (chromium VI) from total chromium. I 

One way we prevented the collective measurement error from influencing 

interpretations in this study was to use ranked exposures as noted above, which at the 

extremes should be reasonably accurate (i.e., effectively represent high versus low 

exposure). We also focused interpretations on the overall consistency in risk patterns over 

distance, with the expectation that the magnitude of association with the AEI would be 

stronger within shorter distances of the home (e.g., 2km from an industrial facility vs 

10km from an industrial facility) for most chemicals and metals, rather than interpreting 

associations per some fixed unit in the exposure (e.g., 5% increased risk of ovarian 

cancer per 1,000 pounds of benzene emitted to air).  Additionally, exposures were 

assessed in each cohort based on the enrollment residence location and we did not have 

information on historical residence changes prior to study start, which may also have led 

to exposure misclassification. We anticipate that the collective exposure misclassification 
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in our analysis was non-differential with respect to cancer diagnosis, which was obtained 

primarily from registries and ascertained independent of our exposure metrics, thus 

leading to attenuation of the true associations. We recognize there are exceptions to our 

assumption and its impacts on our interpretations, however, in general, we anticipate that 

the large sample size affords some protection against differential effects222. The 

aforementioned strategies to carefully interpret associations described above also serve to 

mitigate concerns about flawed inference.  

Another limitation was that confounders were only ascertained at enrollment, and 

we could not account for some changes in risk factors or sociodemographic factors 

prospectively. Related, we were unable to incorporate prospectively collected information 

on oophorectomy or hysterectomy since this was obtained only from a subset of the 

PLCO participants. Not removing these women from our population at risk could have 

led to an underestimate of the cancer associations with the exposures of interest. The 

combination of measurement error in exposure and confounders could have contributed 

to reduced study power and ability to detect associations. We attempted some assurance 

against these concerns by designing analyses that exploited contrasts in exposure overall 

and across strata, setting minimum exposed case thresholds, and adhering to systematic 

confounder selection strategies to ensure parsimonious models. Lastly, although this 

analysis evaluated numerous carcinogens across two cancers and multiple strata, we did 

not explicitly correct p-values for multiple comparisons given generally low exposure 

prevalence. However, we focused our interpretations based on biologic plausibility, 

trends, and consistency in the patterns of associations observed. 
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CONCLUSION 

Our novel findings indicate that living near relatively high industrial emissions of 

benzene is associated with the development of both ovarian and endometrial cancers. 

More suggestive associations were apparent for ethylene oxide, asbestos, and several 

metals emissions, including chromium and cadmium. We also found some evidence that 

associations with benzene and asbestos differed by cancer subtype. Although we 

evaluated known carcinogens, prior investigation of the relationship with these 

gynecologic cancers is scant, and limited mainly to occupational exposure settings, where 

exposure levels may be considerably higher than in the ambient environment. Our results 

are some of the first of their kind and while intriguing and biologically plausible, require 

replication in additional, well-powered prospective studies. Future research that includes 

more geographic areas, a greater density of industrial facilities, and more cancer cases 

would help clarify these relationships.  
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Table 3-1. List of Group 1 (known human carcinogens) agents included in the Toxics 

Release Inventory  

4-Aminobiphenyl 

Arsenic 

Asbestos  

Bis (chloromethyl)ether; chloromethyl methyl ether  

Benzene 

Benzidine 

Beryllium 

2-Naphthylamine 

1, 3 -Butadiene 

Cadmium and cadmium compounds 

Chromium and chromium compounds 

1,2-Dichloropropane 

Ethylene oxide 

Formaldehyde 

Lindane 

4,4'-Methylenebis (2-chloroaniline)  

Mustard gas/sulfur mustard 

Nickel 

O-Toluidine 

Polychlorinated biphenyls  

Pentachlorophenol 

Trichloroethylene 

Vinyl chloride 
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Table 3-2. Number and proportion of pooled study participants included in the endometrial cancer analysis with 

emissionsa of Group 1 carcinogens at fixed distances from the residence (1988-1995; N=136,070)  

 ≤1km, n (%) ≤2km, n (%) ≤3km, n (%) ≤5km, n (%) ≤10km, n (%) 

1, 3 -Butadiene 52 (0.0) 426 (0.3) 1,153 (0.8) 3,258 (2.1) 10,436 (6.9) 

1,2-Dichloropropane 32 (0.0) 157 (0.1) 338 (0.2) 897 (0.6) 3,241 (2.1) 

4-Aminobiphenyl 0 (0.0) 1 (0.0) 3 (0.0) 9 (0.0) 12 (0.0) 

Arsenic 123 (0.1) 654 (0.4) 1,539 (1.0) 4,351 (2.9) 14,516 (9.6) 

Asbestos  135 (0.1) 656 (0.4) 1,563 (1.0) 4,201 (2.8) 12,835 (8.5) 

BCME 10 (0.0) 38 (0.0) 107 (0.1) 426 (0.3) 1,588 (1.0) 

Benzene 422 (0.3) 2,426 (1.6) 5,592 (3.7) 13,605 (9.0) 36,582 (24.1) 

Benzidine 1 (0.0) 4 (0.0) 14 (0.0) 60 (0.0) 293 (0.2) 

Beryllium 22 (0.0) 137 (0.1) 356 (0.2) 1,001 (0.7) 4,360 (2.9) 

Cadmium 288 (0.2) 1,396 (0.9) 3,294 (2.2) 8,306 (5.5) 25,472 (16.8) 

Chromium 2,416 (1.6) 10,483 (6.9) 20,913 (13.8) 42,102 (27.8) 78,736 (51.9) 

Ethylene oxide 190 (0.1) 1,145 (0.8) 2,743 (1.8) 7,624 (5.0) 22,569 (14.9) 

Formaldehyde 925 (0.6) 4,353 (2.9) 9,514 (6.3) 21,861 (14.4) 54,710 (36.1) 

MOCA 0 (0.0) 2 (0.0) 7 (0.0) 20 (0.0) 89 (0.1) 

Nickel 1,935 (1.3) 8,365 (5.5) 17,225 (11.4) 35,923 (23.7) 70,332 (46.4) 

O-Toluidine 47 (0.0) 284 (0.2) 636 (0.4) 1,771 (1.2) 5,098 (3.4) 

PCBs 1 (0.0) 18 (0.0) 46 (0.0) 124 (0.1) 322 (0.2) 

Pentachlorophenol 7 (0.0) 69 (0.0) 188 (0.1) 513 (0.3) 1,881 (1.2) 

Trichloroethylene 1,340 (0.9) 5,631 (3.7) 11,926 (7.9) 27,135 (17.9) 58,995 (38.9) 

Vinyl chloride 41 (0.0) 229 (0.2) 567 (0.4) 1,536 (1.0) 4,762 (3.1) 
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-methylene-bis (2-chloroaniline); PCBs: polychlorinated biphenyls 

Metals are reported as metallic metal and metal compounds together 

a. There were no emissions for the following agents during the years of interest: lindane, mustard gas/sulfur mustard, and 2-aphthylamine 
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Table 3-3.  Number and proportion of pooled study participants included in the ovarian cancer analysis with emissionsa of 

Group 1 carcinogens within fixed distances from the residence (1988-1995; N=167,617) 

 ≤1km, n (%) ≤2km, n (%) ≤3km, n (%) ≤5km, n (%) ≤10km, n (%) 

1, 3 -Butadiene 75 (0.0) 551 (0.4) 1,459 (1.0) 4,011 (2.6) 12,876 (8.5) 

1,2-Dichloropropane 43 (0.0) 187 (0.1) 392 (0.3) 1,053 (0.7) 3,830 (2.5) 

4-Aminobiphenyl 0 (0.0) 1 (0.0) 6 (0.0) 21 (0.0) 29 (0.0) 

Arsenic 161 (0.1) 784 (0.5) 1,889 (1.2) 5,326 (3.5) 17,903 (11.8) 

Asbestos  159 (0.1) 783 (0.5) 1,856 (1.2) 5,042 (3.3) 15,420 (10.2) 

BCME 13 (0.0) 43 (0.0) 119 (0.1) 476 (0.3) 1,793 (1.2) 

Benzene 552 (0.4) 2,981 (2.0) 6,907 (4.6) 16,665 (11.0) 44,754 (29.5) 

Benzidine 1 (0.0) 4 (0.0) 14 (0.0) 65 (0.0) 313 (0.2) 

Beryllium 22 (0.0) 163 (0.1) 439 (0.3) 1,218 (0.8) 5,200 (3.4) 

Cadmium 344 (0.2) 1,608 (1.1) 3,930 (2.6) 9,885 (6.5) 30,420 (20.1) 

Chromiumb 2,973 (2.0) 12,745 (8.4) 25,505 (16.8) 51,532 (34.0) 96,378 (63.6) 

Ethylene oxide 229 (0.2) 1,327 (0.9) 3,181 (2.1) 8,938 (5.9) 26,933 (17.8) 

Formaldehyde 1,089 (0.7) 5,160 (3.4) 11,419 (7.5) 26,330 (17.4) 66,101 (43.6) 

MOCA 0 (0.0) 2 (0.0) 10 (0.0) 26 (0.0) 115 (0.1) 

Nickel 2,345 (1.5) 10,196 (6.7) 20,998 (13.8) 43,889 (28.9) 85,904 (56.7) 

O-Toluidine 53 (0.0) 323 (0.2) 732 (0.5) 2,022 (1.3) 5,911 (3.9) 

PCBs 2 (0.0) 27 (0.0) 62 (0.0) 153 (0.1) 409 (0.3) 

Pentachlorophenol 10 (0.0) 89 (0.1) 234 (0.2) 681 (0.4) 2,409 (1.6) 

Trichloroethylene 1,615 (1.1) 6,725 (4.4) 14,277 (9.4) 32,552 (21.5) 71,304 (47.0) 

Vinyl chloride 51 (0.0) 277 (0.2) 688 (0.5) 1,872 (1.2) 5,626 (3.7) 

Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-methylene-bis (2-chloroaniline); PCBs: polychlorinated biphenyls 

Metals are reported as metallic metal and metal compounds together 

a. There were no emissions for the following agents during the years of interest: lindane, mustard gas/sulfur mustard, and 2-

naphthylamine 
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Table 3-4. Select demographic and other baseline characteristics of the pooled study participants included in the 

endometrial cancer analysis, by residential distance to any facility emitting a Group 1 carcinogen (N=136,070)  

Characteristic 
Overall  

 (n=136,070) 

≤2 km  

 (n= 19,667) 

≤5 km  

 (n= 63,040) 

≤10 km  

 (n= 98,714) 

Age, years [median  (IQR)] 62.0 (9.2) 62.0 (9.1) 62.0 (9.3) 61.9 (9.3) 

Cohort  (N, %)     
NIH-AARP 106,892 (78.6) 15,636 (79.5) 49,772 (79.0) 78,690 (79.7) 

PLCO 29,178 (21.4) 4,031 (20.5) 13,268 (21.0) 20,024 (20.3) 

State  (N, %)     
AL 1,717 (1.3) 200 (1.0) 662 (1.1) 1,201 (1.2) 

CA 34,499 (25.4) 3,772 (19.2) 14,837 (23.5) 24,828 (25.2) 

CO 1,887 (1.4) 121 (0.6) 600 (1.0) 1,275 (1.3) 

DC 1,888 (1.4) 51 (0.3) 236 (0.4) 583 (0.6) 

FL 21,578 (15.9) 644 (3.3) 3,818 (6.1) 10,108 (10.2) 

GA 2,975 (2.2) 269 (1.4) 1,331 (2.1) 2,532 (2.6) 

HI 2,711 (2.0) 28 (0.1) 147 (0.2) 323 (0.3) 

LA 2,683 (2.0) 232 (1.2) 1,107 (1.8) 1,947 (2.0) 

MI 14,182 (10.4) 3,087 (15.7) 9,601 (15.2) 12,906 (13.1) 

MN 3,955 (2.9) 736 (3.7) 2,070 (3.3) 2,705 (2.7) 

MO 3,337 (2.5) 589 (3.0) 1,923 (3.1) 2,645 (2.7) 

NC 6,905 (5.1) 657 (3.3) 2,573 (4.1) 4,764 (4.8) 

NJ 16,051 (11.8) 4,079 (20.7) 9,966 (15.8) 13,690 (13.9) 

PA 19,410 (14.3) 5,087 (25.9) 13,513 (21.4) 17,829 (18.1) 

UT 2,292 (1.7) 115 (0.6) 656 (1.0) 1,378 (1.4) 

Yost Index  (N, %)     
Tertile 1 69,769 (51.3) 6,908 (35.1) 29,068 (46.1) 51,143 (51.8) 

Tertile 2 42,915 (31.5) 6,796 (34.6) 20,482 (32.5) 30,188 (30.6) 

Tertile 3 22,641 (16.6) 5,845 (29.7) 13,120 (20.8) 16,847 (17.1) 
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Missing 745 (0.5) 118 (0.6) 370 (0.6) 536 (0.5) 

Body Mass Index  (kg/m2)  

(N,%)      
<25  (underweight or normal) 59,178 (43.5) 7,493 (38.1) 25,801 (40.9) 41,948 (42.5) 

25-<30  (overweight) 43,230 (31.8) 6,322 (32.1) 20,187 (32) 31,273 (31.7) 

30+  (obese) 29,609 (21.8) 5,193 (26.4) 15,073 (23.9) 22,438 (22.7) 

Missing 4,053 (3.0) 659 (3.4) 1,979 (3.1) 3,055 (3.1) 

Race and ethnicity (N, %)     
Non-Hispanic White 121,580 (89.4) 16,890 (85.9) 55,065 (87.3) 87,698 (88.8) 

Non-Hispanic Black 6,961 (5.1) 1,771 (9.0) 4,808 (7.6) 6,217 (6.3) 

Hispanic 2,430 (1.8) 405 (2.1) 1,189 (1.9) 1,815 (1.8) 

Asian, PI, or AI/AK Native 3,698 (2.7) 355 (1.8) 1,229 (1.9) 1,891 (1.9) 

Unknown or Missing 1,401 (1.0) 246 (1.3) 749 (1.2) 1,093 (1.1) 

Education (N, %)     
Less than high school 7,123 (5.2) 1,499 (7.6) 3,778 (6.0) 5,285 (5.4) 

Completed high school  33,021 (24.3) 5,930 (30.2) 16,669 (26.4) 24,518 (24.8) 

Post-high school  13,847 (10.2) 1,992 (10.1) 6,228 (9.9) 9,820 (9.9) 

Some college 32,485 (23.9) 4,214 (21.4) 14,401 (22.8) 23,248 (23.6) 

College and post-grad 46,513 (34.2) 5,557 (28.3) 20,437 (32.4) 33,582 (34) 

Missing 3,081 (2.3) 475 (2.4) 1,527 (2.4) 2,261 (2.3) 

Smoking  (N, %)     
Never Smoker 62,048 (45.6) 8,975 (45.6) 28,853 (45.8) 45,013 (45.6) 

Former Smoker 49,899 (36.7) 6,792 (34.5) 22,587 (35.8) 35,862 (36.3) 

Current Smoker 20,638 (15.2) 3,361 (17.1) 9,935 (15.8) 15,251 (15.4) 

Missing 3,485 (2.6) 539 (2.7) 1,665 (2.6) 2,588 (2.6) 

Age at Menarche (N, %)     
<11 years old 12,270 (9.0) 1,793 (9.1) 5,771 (9.2) 8,861 (9) 

11.5 years old 44,083 (32.4) 6,401 (32.5) 20,611 (32.7) 32,497 (32.9) 
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12.5 -13.5 years old 61,519 (45.2) 8,795 (44.7) 28,273 (44.8) 44,415 (45) 

14+ years old 17,729 (13.0) 2,599 (13.2) 8,170 (13) 12,602 (12.8) 

Unknown or Missing 469 (0.3) 79 (0.4) 215 (0.3) 339 (0.3) 

Children (N, %)     
None 22,146 (16.3) 3,544 (18.0) 11,109 (17.6) 16,749 (17) 

One child 14,074 (10.3) 2,058 (10.5) 6,562 (10.4) 10,361 (10.5) 

Two children 35,403 (26) 4,775 (24.3) 15,953 (25.3) 25,515 (25.8) 

Three to four children 48,713 (35.8) 6,805 (34.6) 21,942 (34.8) 34,743 (35.2) 

Five or more 15,253 (11.2) 2,403 (12.2) 7,236 (11.5) 10,976 (11.1) 

Unknown or Missing 481 (0.4) 82 (0.4) 238 (0.4) 370 (0.4) 

Ever taken female hormones? 

(N, %)     
No 74,903 (55.0) 12,418 (63.1) 36,882 (58.5) 55,734 (56.5) 

Yes 60,963 (44.8) 7,210 (36.7) 26,068 (41.4) 42,851 (43.4) 

Don't Know 204 (0.1) 39 (0.2) 90 (0.1) 129 (0.1) 

Ever taken Oral 

Contraceptives? (N, %)     
No 76,235 (56.0) 11,808 (60) 36,343 (57.7) 56,013 (56.7) 

Yes 59,004 (43.4) 7,710 (39.2) 26,290 (41.7) 42,100 (42.6) 

Unknown or Missing 831 (0.6) 149 (0.8) 407 (0.6) 601 (0.7) 

Menopausal Status (N, %)     
Premenopausal 7,177 (5.3) 914 (4.6) 3,309 (5.2) 5,343 (5.4) 

Postmenopausal 128,385 (94.4) 18,655 (94.9) 59,477 (94.3) 92,970 (94.2) 

Unknown 508 (0.4) 98 (0.5) 254 (0.4) 401 (0.4) 
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Table 3-5. Select demographic and other baseline characteristics of the pooled study participants included in the ovarian 

cancer analysis, by residential distance to any facility emitting a known Group 1 carcinogen (N=167,617)  

Characteristic 

Overall  

 (n= 167,617) 

≤2 km  

 (n=23,781) 

≤5 km  

 (n= 77,085) 

≤10 km  

 (n= 121,174) 

Age, years [median  (IQR)] 62.0 (9.0) 62.0 (8.9) 62.0 (9.1) 62.0 (9.1) 

Cohort  (N, %)     
NIH-AARP 128,432 (76.6) 18,350 (77.2) 59,213 (76.8) 94,122 (77.7) 

PLCO 39,185 (23.4) 5,431 (22.8) 17,872 (23.2) 27,052 (22.3) 

State  (N, %)     
AL 2,872 (1.7) 353 (1.5) 1,138 (1.5) 2,034 (1.7) 

CA 42,299 (25.2) 4,635 (19.5) 18,197 (23.6) 30,348 (25) 

CO 2,791 (1.7) 179 (0.8) 887 (1.2) 1,888 (1.6) 

DC 2,380 (1.4) 60 (0.3) 312 (0.4) 744 (0.6) 

FL 26,149 (15.6) 787 (3.3) 4,713 (6.1) 12,369 (10.2) 

GA 3,839 (2.3) 351 (1.5) 1,753 (2.3) 3,264 (2.7) 

HI 3,361 (2.0) 36 (0.2) 192 (0.2) 424 (0.3) 

LA 4,082 (2.4) 377 (1.6) 1,760 (2.3) 3,037 (2.5) 

MI 17,751 (10.6) 3,862 (16.2) 12,040 (15.6) 16,122 (13.3) 

MN 5,010 (3.0) 933 (3.9) 2,647 (3.4) 3,435 (2.8) 

MO 4,276 (2.6) 744 (3.1) 2,412 (3.1) 3,339 (2.8) 

NC 9,093 (5.4) 857 (3.6) 3,396 (4.4) 6,329 (5.2) 

NJ 17,217 (10.3) 4,319 (18.2) 10,642 (13.8) 14,654 (12.1) 

PA 23,114 (13.8) 6,126 (25.8) 16,028 (20.8) 21,188 (17.5) 

UT 3,383 (2.0) 162 (0.7) 968 (1.3) 1,999 (1.6) 

Yost Index  (N, %)     
Tertile 1 84,057 (50.1) 8,153 (34.3) 34,583 (44.9) 61,402 (50.7) 

Tertile 2 53,524 (31.9) 8,145 (34.3) 25,302 (32.8) 37,506 (31) 

Tertile 3 29,153 (17.4) 7,335 (30.8) 16,753 (21.7) 21,621 (17.8) 
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Missing 883 (0.5) 148 (0.6) 447 (0.6) 645 (0.5) 

Body Mass Index  (kg/m2)  

(N,%)      
<25  (underweight or normal) 70,839 (42.3) 8,738 (36.7) 30,656 (39.8) 49,986 (41.3) 

25-<30  (overweight) 54,151 (32.3) 7,733 (32.5) 24,959 (32.4) 39,031 (32.2) 

30+  (obese) 37,733 (22.5) 6,540 (27.5) 19,069 (24.7) 28,464 (23.5) 

Missing 4,894 (2.9) 770 (3.2) 2,401 (3.1) 3,693 (3.0) 

Race and ethnicity  (N, %)     
Non-Hispanic White 148,526 (88.6) 20,068 (84.4) 66,439 (86.2) 106,546 (87.9) 

Non-Hispanic Black 9,831 (5.9) 2,509 (10.6) 6,785 (8.8) 8,759 (7.2) 

Hispanic 3,148 (1.9) 496 (2.1) 1,529 (2) 2,324 (1.9) 

Asian, PI, or AI/AK Native 4,339 (2.6) 395 (1.7) 1,399 (1.8) 2,169 (1.8) 

Unknown or Missing 1,773 (1.1) 313 (1.3) 933 (1.2) 1,376 (1.1) 

Education  (N, %)     
Less than high school 9,496 (5.7) 1,938 (8.1) 4,959 (6.4) 6,999 (5.8) 

Completed high school  41,360 (24.7) 7,147 (30.1) 20,629 (26.8) 30,545 (25.2) 

Post-high school  17,772 (10.6) 2,522 (10.6) 7,941 (10.3) 12,557 (10.4) 

Some college 40,898 (24.4) 5,217 (21.9) 17,990 (23.3) 29,194 (24.1) 

College and post-grad 54,176 (32.3) 6,370 (26.8) 23,669 (30.7) 39,011 (32.2) 

Missing 3,915 (2.3) 587 (2.5) 1,897 (2.5) 2,868 (2.4) 

Smoking  (N, %)     
Never Smoker 78,084 (46.6) 11,078 (46.6) 36,068 (46.8) 56,359 (46.5) 

Former Smoker 60,665 (36.2) 8,143 (34.2) 27,231 (35.3) 43,509 (35.9) 

Current Smoker 24,660 (14.7) 3,925 (16.5) 11,784 (15.3) 18,164 (15.0) 

Missing 4,208 (2.5) 635 (2.7) 2,002 (2.6) 3,142 (2.6) 

Age at Menarche  (N, %)     
<11 years old 16,219 (9.7) 2,303 (9.7) 7,540 (9.8) 11,622 (9.6) 

11.5 years old 53,507 (31.9) 7,601 (32.0) 24,797 (32.2) 39,325 (32.5) 
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12.5 -13.5 years old 75,266 (44.9) 10,575 (44.5) 34,343 (44.6) 54,132 (44.7) 

14+ years old 22,073 (13.2) 3,212 (13.5) 10,158 (13.2) 15,687 (12.9) 

unknown or missing 552 (0.3) 90 (0.4) 247 (0.3) 408 (0.3) 

Children  (N, %)     
none 23,305 (13.9) 3,732 (15.7) 11,648 (15.1) 17,615 (14.5) 

one child 16,149 (9.6) 2,367 (10.0) 7,629 (9.9) 11,917 (9.8) 

two children 43,041 (25.7) 5,673 (23.9) 19,202 (24.9) 30,936 (25.5) 

three to four children 63,231 (37.7) 8,641 (36.3) 28,259 (36.7) 44,946 (37.1) 

five or more 21,312 (12.7) 3,275 (13.8) 10,058 (13) 15,311 (12.6) 

unknown or missing 579 (0.3) 93 (0.4) 289 (0.4) 449 (0.4) 

Ever taken female hormones?  

(N, %)     
No 83,096 (49.6) 13,800 (58.0) 41,074 (53.3) 61,856 (51.0) 

Yes 84,268 (50.3) 9,932 (41.8) 35,891 (46.6) 59,149 (48.8) 

Don't Know 253 (0.2) 49 (0.2) 120 (0.2) 169 (0.1) 

Ever taken Oral 

Contraceptives?  (N, %)     
No 92,919 (55.4) 14,133 (59.4) 44,044 (57.1) 68,012 (56.1) 

Yes 73,679 (44) 9,475 (39.8) 32,555 (42.2) 52,425 (43.3) 

Unknown or Missing 1,019 (0.7) 173 (0.7) 486 (0.6) 737 (0.6) 

Menopausal Status  (N, %)     
Premenopausal 6,827 (4.1) 864 (3.6) 3,143 (4.1) 5,078 (4.2) 

Postmenopausal 160,297 (95.6) 22,815 (95.9) 73,693 (95.6) 115,704 (95.5) 

Unknown 493 (0.3) 102 (0.4) 249 (0.3) 392 (0.3) 
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Table 3-6. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of endometrial cancer among women in the pooled 

cohort (N=136,070)  

 
≤1km 

Cases 

 

HR (95% CI) 

≤2km 

Cases 

 

HR (95% CI) 

≤3km 

Cases 

 

HR (95% CI) 

≤5km 

Cases 

 

HR (95% CI) 

≤10km 

Cases 

 

HR (95% CI) 

1, 3 -Butadieneb           
REF=ZERO 3544  3534  3513  3459  3271  
Q1 0 - 2 - 9 - 22 0.93  (0.60-1.43) 68 0.94  (0.73-1.21) 

Q2 0 - 3 - 9 - 25 1.10  (0.73-1.67) 73 0.99  (0.77-1.27) 

Q3 0 - 2 - 6 - 20 0.81  (0.51-1.29) 58 0.75  (0.56-0.99) 

Q4 0 - 3 - 7 - 18 0.63  (0.38-1.03) 74 0.95  (0.73-1.23) 

ptrend        0.06  0.76 

1,2-

Dichloropropane 
          

REF=ZERO 3544  3541  3535  3514  3448  
Q1 

0 - 0 - 0 - 4 - 23 

1.06   (0.70-

1.60) 

Q2 0 - 1 - 3 - 10 - 22 1.05  (0.69-1.61) 

Q3 0 - 1 - 5 - 10 - 26 1.23  (0.83-1.82) 

Q4 0 - 1 - 1 - 6 - 25 1.07  (0.72-1.59) 

ptrend          0.57 

Arsenic           
REF=ZERO 3540  3521  3499  3429  3159  
T1 1 - 9 - 13 0.92  (0.53-1.58) 38 0.97  (0.71-1.34) 132 1.03  (0.86-1.22) 

T2 1 - 7 - 16 1.06  (0.65-1.73) 39 0.94  (0.68-1.29) 115 0.86  (0.71-1.04) 

T3 2 - 7 - 16 1.15  (0.71-1.89) 38 0.96  (0.69-1.32) 141 1.03  (0.86-1.22) 

ptrend      0.56  0.77  0.84 

Asbestos           
REF=ZERO 3541  3525  3497  3436  3184  
T1 0 - 5 - 14 1.01  (0.60-1.71) 35 0.89  (0.64-1.24) 120 1.00  (0.83-1.21) 

T2 3 - 10 - 16 1.22  (0.75-2.00) 37 1.00  (0.72-1.38) 124 1.08  (0.90-1.29) 

T3 0 - 4 - 17 1.25  (0.77-2.01) 36 0.95  (0.68-1.32) 116 1.01  (0.84-1.22) 
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ptrend      0.31  0.76  0.80 

Benzenec 

          
REF=ZERO 3536  3478  3384  3162  2557  
Q1 1 - 22 1.37  (0.90-2.09) 38 1.02  (0.74-1.41) 90 1.01  (0.82-1.25) 245 1.03  (0.90-1.18) 

Q2 1 - 10 0.59  (0.31-1.10) 44 1.19  (0.88-1.62) 109 1.22  (1.00-1.49) 242 1.01  (0.87-1.16) 

Q3 3 - 16 1.04  (0.62-1.75) 32 0.84  (0.59-1.21) 77 0.85  (0.67-1.08) 245 1.03  (0.89-1.20) 

Q4 3 - 18 1.21  (0.72-2.02) 46 1.36  (0.98-1.89) 106 1.28  (1.02-1.61) 255 1.09  (0.93-1.28) 

ptrend    0.48  0.07  0.03  0.32 

Bis  

(chloromethyl)d 
          

REF=ZERO 3544  3544  3540  3530  3495  
T1 0 - 0 - 1 - 7 - 17 1.25  (0.77-2.03) 

T2 0 - 0 - 1 - 3 - 22 1.46  (0.96-2.24) 

T3 0 - 0 - 2 - 4 - 10 0.65  (0.35-1.22) 

ptrend          0.30 

Beryllium           
REF=ZERO 3543  3542  3537  3515  3406  
Q1 0 - 1 - 3 - 5 - 35 1.25  (0.89-1.76) 

Q2 0 - 0 - 1 - 12 - 32 1.05  (0.74-1.49) 

Q3 1 - 1 - 2 - 4 - 38 1.25  (0.90-1.72) 

Q4 0 - 0 - 1 - 8 - 33 1.11  (0.79-1.58) 

ptrend          0.43 

Cadmium           
REF=ZERO 3535  3507  3466  3318  2833  
Q1 3 - 5 - 13 0.57  (0.33-0.99) 53 0.93  (0.70-1.22) 164 0.94  (0.81-1.11) 

Q2 4 - 11 - 15 0.66  (0.40-1.10) 55 0.95  (0.73-1.25) 175 1.03  (0.88-1.21) 

Q3 1 - 11 - 31 1.38  (0.96-1.96) 55 0.95  (0.72-1.24) 180 1.06  (0.91-1.24) 

Q4 1 - 10 - 19 0.82  (0.52-1.30) 63 1.09  (0.85-1.41) 192 1.10  (0.94-1.28) 

ptrend      0.57  0.52  0.21 

Chromium 

          
REF=ZERO 3474  3284  2998  2418  1437  
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T1 22 0.93  (0.61-1.42) 83 0.86  (0.69-1.07) 169 0.87  (0.75-1.02) 383 1.00  (0.89-1.12) 720 0.96  (0.85-1.07) 

T2 30 1.38  (0.96-1.99) 97 0.98  (0.80-1.20) 182 0.93  (0.80-1.08) 350 0.91  (0.81-1.02) 683 0.88  (0.77-1.00) 

T3 18 0.80  (0.51-1.28) 80 0.81  (0.65-1.02) 195 0.99  (0.85-1.15) 393 1.01  (0.90-1.13) 704 0.88  (0.77-1.02) 

ptrend  0.45  0.08  0.97  0.82  0.39 

Ethylene oxide           
REF=ZERO 3541  3514  3468  3313  2904  
T1 1 - 11 - 28 1.03  (0.71-1.50) 84 1.17  (0.94-1.46) 204 1.01  (0.87-1.17) 

T2 2 - 9 - 24 0.91  (0.61-1.36) 68 0.95  (0.75-1.22) 209 1.01  (0.87-1.16) 

T3 0 - 10 - 24 0.93  (0.62-1.39) 79 1.12  (0.89-1.40) 227 1.08  (0.94-1.24) 

ptrend      0.70  0.35  0.26 

Formaldehyde           
REF=ZERO 3515  3424  3293  2975  2078  
Q1 10 - 34 1.13  (0.81-1.59) 57 0.88  (0.68-1.14) 160 1.07  (0.92-1.26) 401 1.09  (0.98-1.22) 

Q2 6 - 28 0.90  (0.62-1.31) 73 1.11  (0.88-1.40) 140 0.94  (0.79-1.11) 354 0.97  (0.86-1.09) 

Q3 9 - 30 0.99  (0.69-1.43) 63 0.94  (0.73-1.21) 137 0.91  (0.76-1.08) 369 1.01  (0.90-1.13) 

Q4 4 - 28 0.93  (0.64-1.36) 58 0.88  (0.68-1.15) 132 0.86  (0.72-1.03) 342 0.92  (0.81-1.04) 

ptrend    0.71  0.35  0.09  0.11 

Nickel           
REF=ZERO 3491  3327  3066  2564  1628  
T1 24 1.34  (0.90-2.01) 77 1.02  (0.81-1.28) 169 1.11  (0.95-1.30) 324 1.01  (0.90-1.14) 641 1.06  (0.96-1.17) 

T2 18 0.98  (0.62-1.56) 73 0.95  (0.75-1.20) 160 1.03  (0.87-1.21) 341 1.04  (0.93-1.17) 649 1.05  (0.95-1.16) 

T3 11 0.61  (0.34-1.10) 67 0.85  (0.67-1.09) 149 0.94  (0.79-1.11) 315 0.95  (0.84-1.08) 626 0.99  (0.89-1.10) 

ptrend  0.10  0.19  0.40  0.41  0.44 

O-Toluidine           
REF=ZERO 3542  3529  3522  3492  3400  
T1 1 - 6 - 3 - 15 0.94  (0.56-1.57) 49 1.06  (0.79-1.41) 

T2 1 - 7 - 13 - 22 1.27  (0.83-1.95) 51 1.06  (0.80-1.41) 

T3 0 - 2 - 6 - 15 0.86  (0.52-1.43) 44 0.92  (0.68-1.24) 

ptrend        0.60  0.50 

Pentachlorophenol           
REF=ZERO 3541  3541  3541  3527  3491  
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T1 0 - 0 - 2 - 9 - 20 1.13  (0.73-1.76) 

T2 0 - 0 - 1 - 3 - 18 1.13  (0.71-1.79) 

T3 0 - 0 - 0 - 5 - 15 0.91  (0.54-1.51) 

ptrend          0.81 

Trichloroethylene           
REF=ZERO 3510  3397  3217  2840  1976  
Q1 8 - 35 0.92  (0.66-1.29) 78 0.97  (0.77-1.22) 166 0.91  (0.77-1.06) 383 1.00  (0.89-1.11) 

Q2 10 - 35 0.90  (0.64-1.26) 82 1.03  (0.82-1.28) 181 0.99  (0.85-1.16) 393 1.04  (0.93-1.16) 

Q3 4 - 40 1.05  (0.77-1.44) 91 1.15  (0.93-1.41) 161 0.89  (0.76-1.04) 395 1.05  (0.93-1.18) 

Q4 12 - 37 0.93  (0.67-1.29) 76 0.94  (0.74-1.18) 196 1.05  (0.91-1.22) 397 1.02  (0.91-1.15) 

ptrend    0.71  0.73  0.50  0.85 

Vinyl Chloride           
REF=ZERO 3543  3537  3529  3498  3407  
T1 1 - 1 - 5 - 17 1.16  (0.72-1.87) 41 0.92  (0.67-1.25) 

T2 0 - 3 - 4 - 18 1.23  (0.77-1.97) 46 1.03  (0.76-1.39) 

T3 0 - 3 - 6 - 11 0.73  (0.40-1.32) 50 1.13  (0.85-1.49) 

ptrend        0.30  0.41 
Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age, state, smoking status and intensity, cohort, body mass index, Yost tertile, and race and ethnicity; estimates are not presented for chemicals at distances with <10 cases exposed per 

category 

b: Model is additionally adjusted for benzene emissions at 5km and 10km  

c: Model is additionally adjusted for 1 3 Butadiene at 2km, 3km, 5km, and 10km 

d: Model is additionally adjusted for 1,2 Di chloropropane at 10km 

e: Model is additionally adjusted for Nickel at 1km and 10km 
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Table 3-7. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of ovarian cancer among women in the pooled 

cohort (N=167,617)  

 
≤1km 

Cases 

 

HR (95% CI) 

≤2km 

Cases 

 

HR (95% CI) 

≤3km 

Cases 

 

HR (95% CI) 

≤5km 

Cases 

 

HR (95% CI) 

≤10km 

Cases 

 

HR (95% CI) 

1, 3 -Butadieneb 
          

REF=ZERO 1971  1967  1959  1935  1835  
Q1 0 - 1 - 6 - 10 - 33 0.83 (0.58-1.20) 

Q2 0 - 1 - 2 - 11 - 34 0.84 (0.58-1.20) 

Q3 1 - 0 - 2 - 7 - 32 0.72 (0.49-1.06) 

Q4 0 - 3 - 3 - 9 - 38 0.82 (0.57-1.17) 

ptrend 
         0.37 

1-2-Dichloropropane 
          

REF=ZERO 1971  1971  1966  1959  1925  
T1 1 - 0 - 1 - 3 - 15 0.98 (0.59-1.64) 

T2 0 - 1 - 2 - 5 - 19 1.56 (0.98-2.50) 

T3 0 - 0 - 3 - 5 - 13 0.97 (0.55-1.68) 

ptrend 
         1.00 

Arsenic 
          

REF=ZERO 1968  1960  1945  1907  1750  
Q1 1 - 1 - 5 - 16 1.09 (0.66-1.78) 61 1.19 (0.92-1.54) 

Q2 1 - 4 - 10 - 16 1.07 (0.65-1.75) 45 0.90 (0.67-1.21) 

Q3 2 - 5 - 7 - 16 1.04 (0.63-1.70) 58 1.11 (0.85-1.44) 

Q4 0 - 2 - 5 - 17 1.13 (0.70-1.83) 58 1.12 (0.86-1.46) 

ptrend 
       0.60  0.38 

Asbestos  
          

REF=ZERO 1972  1964  1953  1905  1785  
Q1 0 - 1 - 5 - 16 1.11 (0.68-1.82) 40 1.00 (0.73-1.38) 

Q2 0 - 4 - 8 - 11 0.68 (0.38-1.24) 47 1.04 (0.77-1.39) 

Q3 0 - 3 - 6 - 28 1.90 (1.31-2.76) 47 1.02 (0.76-1.36) 

Q4 0 - 0 - 0 - 12 0.87 (0.49-1.54) 53 1.22 (0.93-1.61) 

ptrend 
       0.83  0.16 
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Benzenec 
          

REF=ZERO 1967  1942  1892  1782  1447  
Q1 1 - 6 - 18 0.96 (0.60-1.54) 33 0.74 (0.52-1.05) 127 1.01 (0.83-1.22) 

Q2 1 - 5 - 21 1.15 (0.74-1.79) 53 1.22 (0.92-1.62) 123 1.01 (0.83-1.23) 

Q3 0 - 9 - 18 1.10 (0.68-1.78) 48 1.18 (0.87-1.60) 127 1.14 (0.92-1.40) 

Q4 3 - 10 - 23 1.45 (0.92-2.28) 56 1.39 (1.03-1.88) 148 1.32 (1.07-1.63) 

ptrend 
     0.11  0.04  0.01 

Beryllium 
          

REF=ZERO 1972  1969  1967  1958  1914  
T1 0 - 0 - 0 - 2 - 12 0.90 (0.51-1.59) 

T2 0 - 1 - 2 - 5 - 11 0.80 (0.44-1.46) 

T3 0 - 2 - 2 - 3 - 17 1.22 (0.75-1.97) 

ptrend 0 - 0 - 1 - 4 - 18 1.31 (0.82-2.10) 

Cadmium 
         0.22 

REF=ZERO 1967  1950  1919  1852  1607  
T1 1 - 8 - 21 1.47 (0.95-2.27) 43 1.16 (0.85-1.57) 118 1.01 (0.83-1.22) 

T2 2 - 5 - 12 0.87 (0.49-1.53) 39 1.10 (0.79-1.51) 126 1.13 (0.94-1.36) 

T3 2 - 9 - 20 1.52 (0.97-2.37) 38 1.11 (0.80-1.55) 121 1.15 (0.94-1.40) 

ptrend 
     0.08  0.52  0.17 

Chromium 

          
REF=ZERO 

          
T1 1933  1833  1696  1356  842  
T2 13 1.17 (0.68-2.02) 47 0.96 (0.72-1.28) 93 0.92 (0.74-1.14) 213 1.06 (0.91-1.23) 392 1.01 (0.89-1.15) 

T3 11 1.02 (0.57-1.86) 42 0.87 (0.64-1.19) 85 0.86 (0.69-1.07) 205 1.05 (0.90-1.22) 353 0.93 (0.82-1.07) 

ptrend 15 1.39 (0.84-2.32) 50 1.07 (0.80-1.42) 98 1.02 (0.83-1.26) 198 1.04 (0.89-1.22) 385 1.04 (0.91-1.19) 

Ethylene oxide 
 0.20  0.69  0.81  0.69  0.41 

REF=ZERO 
          

T1 1969  1951  1927  1856  1628  
T2 2 - 7 - 18 1.52 (0.95-2.43) 41 1.20 (0.88-1.65) 117 1.13 (0.93-1.37) 

T3 0 - 7 - 12 1.03 (0.58-1.82) 37 1.12 (0.81-1.56) 108 1.09 (0.89-1.33) 

ptrend 1 - 7 - 15 1.18 (0.71-1.97) 38 1.09 (0.79-1.51) 119 1.16 (0.96-1.40) 
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Formaldehyde 
     0.52  0.59  0.15 

REF=ZERO 
          

Q1 1957  1918  1844  1668  1206  
Q2 6 - 18 1.30 (0.82-2.08) 36 1.16 (0.83-1.62) 84 1.12 (0.89-1.39) 214 1.08 (0.93-1.25) 

Q3 3 - 12 0.85 (0.48-1.51) 30 0.98 (0.68-1.40) 74 1.01 (0.80-1.28) 183 0.98 (0.83-1.15) 

Q4 1 - 10 0.72 (0.39-1.34) 31 1.01 (0.71-1.45) 68 0.96 (0.75-1.23) 176 0.96 (0.82-1.13) 

ptrend 5 - 14 1.06 (0.62-1.79) 31 1.04 (0.73-1.49) 78 1.13 (0.89-1.42) 193 1.09 (0.93-1.28) 

Nickel 
   0.96  0.83  0.35  0.32 

REF=ZERO 
          

Q1 1944  1863  1723  1429  951  
Q2 7 - 22 0.73 (0.48-1.12) 60 0.97 (0.75-1.26) 151 1.18 (0.99-1.39) 263 1.00 (0.87-1.16) 

Q3 5 - 31 1.03 (0.72-1.48) 72 1.17 (0.92-1.49) 150 1.19 (1.00-1.41) 266 1.04 (0.90-1.20) 

Q4 8 - 29 1.02 (0.71-1.48) 65 1.11 (0.86-1.43) 122 1.00 (0.82-1.20) 244 1.00 (0.86-1.16) 

ptrend 8 - 27 0.97 (0.66-1.43) 52 0.91 (0.69-1.21) 120 1.03 (0.85-1.25) 248 1.04 (0.89-1.21) 

O-Toluidine 
   0.93  0.58  0.95  0.69 

REF=ZERO 
          

Q1 1969  1966  1965  1951  1913  
Q2 2 - 1 - 1 - 3 - 12 0.77 (0.44-1.38) 

Q3 1 - 5 - 4 - 6 - 12 0.75 (0.43-1.34) 

Q4 0 - 0 - 1 - 9 - 17 1.10 (0.68-1.80) 

ptrend 0 - 0 - 1 - 3 - 18 1.08 (0.67-1.74) 

Trichloroethylene 
         0.71 

REF=ZERO 
          

Q1 1958  1902  1812  1577  1155  
Q2 6 - 10 0.54 (0.29-1.00) 35 0.88 (0.63-1.23) 106 1.19 (0.98-1.46) 201 0.96 (0.82-1.11) 

Q3 2 - 23 1.18 (0.78-1.78) 47 1.18 (0.88-1.58) 96 1.10 (0.89-1.36) 206 1.04 (0.89-1.22) 

Q4 5 - 24 1.24 (0.83-1.86) 44 1.06 (0.79-1.44) 100 1.12 (0.91-1.38) 203 1.05 (0.90-1.23) 

ptrend 1 - 13 0.69 (0.40-1.19) 34 0.84 (0.59-1.18) 93 1.03 (0.83-1.27) 207 1.03 (0.87-1.21) 

Vinyl Chloride 
   0.28  0.37  0.89  0.75 

REF=ZERO 
          

Q1 1970  1969  1963  1955  1916  
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Q2 0 - 0 - 3 - 4 - 12 0.69 (0.39-1.22) 

Q3 1 - 0 - 3 - 5 - 14 0.86 (0.51-1.47) 

Q4 1 - 2 - 2 - 5 - 17 1.07 (0.66-1.73) 

ptrend 0 - 1 - 1 - 3 - 13 0.81 (0.47-1.40) 

Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age, state, smoking status and intensity, cohort, Yost tertile, and race and ethnicity; estimates are not presented for chemicals at distances with <10 cases exposed per category 

b: Model is additionally adjusted for benzene emissions at 10km  

c: Model is additionally adjusted for1-3-Butadiene at  3km-5km-and 10km 
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Table 3-8. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of endometrial cancer among women in the pooled 

cohort (N=136,070); additionally adjusted for reproductive factors  

 
≤1km 

Cases 

 

HR (95% CI) 

≤2km 

Cases 

 

HR (95% CI) 

≤3km 

Cases 

 

HR (95% CI) 

≤5km 

Cases 

 

HR (95% CI) 

≤10km 

Cases 

 

HR (95% CI) 

1-3 -Butadieneb 
          

REF=ZERO 3544  3534  3513  3459  3271  
Q1 0 - 2 - 9 - 22 0.92  (0.60-1.42) 68 0.94  (0.73-1.21) 

Q2 0 - 3 - 9 - 25 1.10  (0.72-1.66) 73 0.99  (0.77-1.27) 

Q3 0 - 2 - 6 - 20 0.81  (0.50-1.29) 58 0.75  (0.56-0.99) 

Q4 0 - 3 - 7 - 18 0.62  (0.37-1.02) 74 0.94  (0.72-1.23) 

ptrend 
       0.05  0.75 

1-2-

Dichloropropane 
          

REF=ZERO 3544  3541  3535  3514  3448  
Q1 0 - 0 - 0 - 4 - 23 1.07  (0.71-1.62) 

Q2 0 - 1 - 3 - 10 - 22 1.02  (0.67-1.56) 

Q3 0 - 1 - 5 - 10 - 26 1.20  (0.81-1.78) 

Q4 0 - 1 - 1 - 6 - 25 1.06  (0.71-1.58) 

ptrend 
         0.71 

Arsenic 
          

REF=ZERO 3540  3521  3499  3429  3159  
T1 1 - 9 - 13 0.91  (0.53-1.56) 38 0.98  (0.71-1.35) 132 1.04  (0.87-1.23) 

T2 1 - 7 - 16 1.04  (0.63-1.70) 39 0.93  (0.68-1.28) 115 0.85  (0.70-1.02) 

T3 2 - 7 - 16 1.17  (0.71-1.91) 38 0.95  (0.69-1.31) 141 1.03  (0.87-1.23) 

ptrend 
     0.53  0.77  0.79 

Asbestos 
          

REF=ZERO 3541  3525  3497  3436  3184  
T1 0 - 5 - 14 1.00  (0.59-1.69) 35 0.88  (0.63-1.22) 120 0.99  (0.82-1.19) 

T2 3 - 10 - 16 1.20  (0.73-1.96) 37 0.99  (0.71-1.37) 124 1.05  (0.88-1.26) 

T3 0 - 4 - 17 1.24  (0.77-2.00) 36 0.93  (0.67-1.30) 116 1.00  (0.83-1.21) 

ptrend 
     0.32  0.68  0.95 
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Benzenec 

          
REF=ZERO 3536  3478  3384  3162  2557  
Q1 1 - 22 1.37  (0.90-2.09) 38 1.01  (0.73-1.40) 90 0.99  (0.80-1.23) 245 1.02  (0.89-1.17) 

Q2 1 - 10 0.58  (0.31-1.08) 44 1.18  (0.87-1.60) 109 1.22  (1.00-1.49) 242 1.00  (0.87-1.15) 

Q3 3 - 16 1.04  (0.62-1.75) 32 0.84  (0.59-1.21) 77 0.84  (0.66-1.07) 245 1.02  (0.88-1.18) 

Q4 3 - 18 1.23  (0.74-2.05) 46 1.37  (0.99-1.91) 106 1.28  (1.02-1.60) 255 1.08  (0.92-1.26) 

ptrend 
   0.44  0.06  0.03  0.39 

Bis  (chloromethyl)d 

          
REF=ZERO 3544  3544  3540  3530  3495  
T1 0 - 0 - 1 - 7 - 17 1.22  (0.75-1.98) 

T2 0 - 0 - 1 - 3 - 22 1.45  (0.95-2.22) 

T3 0 - 0 - 2 - 4 - 10 0.65  (0.35-1.21) 

ptrend 
         0.29 

Beryllium 
          

REF=ZERO 3543  3542  3537  3515  3406  
Q1 0 - 1 - 3 - 5 - 35 1.21  (0.87-1.70) 

Q2 0 - 0 - 1 - 12 - 32 1.03  (0.73-1.47) 

Q3 1 - 1 - 2 - 4 - 38 1.24  (0.90-1.71) 

Q4 0 - 0 - 1 - 8 - 33 1.11  (0.78-1.57) 

ptrend 
         0.44 

Cadmium 
          

REF=ZERO 3535  3507  3466  3318  2833  
Q1 3 - 5 - 13 0.57  (0.33-0.98) 53 0.92  (0.70-1.21) 164 0.93  (0.80-1.10) 

Q2 4 - 11 - 15 0.67  (0.40-1.11) 55 0.95  (0.72-1.24) 175 1.03  (0.88-1.20) 

Q3 1 - 11 - 31 1.36  (0.95-1.94) 55 0.94  (0.72-1.23) 180 1.05  (0.90-1.22) 

Q4 1 - 10 - 19 0.82  (0.52-1.29) 63 1.08  (0.84-1.40) 192 1.08  (0.92-1.26) 

ptrend 
     0.58  0.55  0.30 

Chromiume 

          
REF=ZERO 3474  3284  2998  2418  1437  
T1 22 0.93  (0.61-1.42) 83 0.85  (0.69-1.06) 169 0.87  (0.75-1.02) 383 1.00  (0.89-1.11) 720 0.96  (0.85-1.07) 

T2 30 1.36  (0.94-1.95) 97 0.97  (0.79-1.19) 182 0.92  (0.79-1.07) 350 0.90  (0.80-1.01) 683 0.88  (0.77-1.00) 
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T3 18 0.80  (0.50-1.28) 80 0.81  (0.65-1.01) 195 0.98  (0.84-1.14) 393 1.00  (0.89-1.12) 704 0.88  (0.76-1.02) 

ptrend 
 0.43  0.07  0.88  0.97  0.33 

Ethylene oxide 
          

REF=ZERO 3541  3514  3468  3313  2904  
T1 1 - 11 - 28 1.03  (0.71-1.49) 84 1.16  (0.93-1.44) 204 0.99  (0.86-1.15) 

T2 2 - 9 - 24 0.92  (0.61-1.37) 68 0.95  (0.75-1.21) 209 1.00  (0.86-1.15) 

T3 0 - 10 - 24 0.94  (0.63-1.41) 79 1.12  (0.90-1.41) 227 1.08  (0.94-1.24) 

ptrend 
     0.76  0.33  0.25 

Formaldehyde 
          

REF=ZERO 3515  3424  3293  2975  2078  
Q1 10 - 34 1.12  (0.79-1.57) 57 0.87  (0.67-1.14) 160 1.07  (0.91-1.25) 401 1.09  (0.98-1.21) 

Q2 6 - 28 0.90  (0.62-1.30) 73 1.09  (0.86-1.38) 140 0.93  (0.78-1.10) 354 0.96  (0.86-1.08) 

Q3 9 - 30 0.99  (0.69-1.42) 63 0.93  (0.72-1.20) 137 0.90  (0.75-1.07) 369 1.00  (0.89-1.12) 

Q4 4 - 28 0.93  (0.64-1.35) 58 0.88  (0.68-1.14) 132 0.86  (0.72-1.03) 342 0.91  (0.81-1.03) 

ptrend 
   0.70  0.33  0.08  0.09 

Nickel 
          

REF=ZERO 3491  3327  3066  2564  1628  
T1 24 1.35  (0.90-2.02) 77 1.01  (0.80-1.27) 169 1.10  (0.94-1.28) 324 1.00  (0.89-1.13) 641 1.04  (0.95-1.15) 

T2 18 0.98  (0.62-1.56) 73 0.95  (0.75-1.20) 160 1.02  (0.87-1.20) 341 1.04  (0.92-1.17) 649 1.04  (0.94-1.15) 

T3 11 0.60  (0.33-1.09) 67 0.85  (0.66-1.08) 149 0.93  (0.79-1.10) 315 0.94  (0.83-1.07) 626 0.97  (0.88-1.08) 

ptrend 
 0.09  0.19  0.37  0.33  0.34 

O-Toluidine 
          

REF=ZERO 3542  3529  3522  3492  3400  
T1 1 - 6 - 3 - 15 0.93  (0.56-1.55) 49 1.06  (0.80-1.42) 

T2 1 - 7 - 13 - 22 1.27  (0.83-1.94) 51 1.04  (0.78-1.38) 

T3 0 - 2 - 6 - 15 0.85  (0.51-1.42) 44 0.90  (0.67-1.22) 

ptrend 
       0.56  0.52 

Pentachlorophenol 
          

REF=ZERO 3541  3541  3541  3527  3491  
T1 0 - 0 - 2 - 9 - 20 1.11  (0.72-1.74) 

T2 0 - 0 - 1 - 3 - 18 1.10  (0.69-1.76) 
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T3 0 - 0 - 0 - 5 - 15 0.88  (0.53-1.46) 

ptrend 
         0.30 

Trichloroethylene 
          

REF=ZERO 3510  3397  3217  2840  1976  
Q1 8 - 35 0.92  (0.66-1.28) 78 0.97  (0.77-1.22) 166 0.90  (0.77-1.06) 383 0.99  (0.88-1.10) 

Q2 10 - 35 0.89  (0.63-1.24) 82 1.02  (0.82-1.27) 181 0.98  (0.84-1.14) 393 1.03  (0.92-1.15) 

Q3 4 - 40 1.04  (0.76-1.42) 91 1.13  (0.91-1.39) 161 0.88  (0.75-1.03) 395 1.03  (0.92-1.16) 

Q4 12 - 37 0.92  (0.67-1.28) 76 0.92  (0.73-1.16) 196 1.04  (0.89-1.20) 397 1.00  (0.89-1.12) 

ptrend 
   0.67  0.64  0.62  0.93 

Vinyl Chloride 
          

REF=ZERO 3543  3537  3529  3498  3407  
T1 1 - 1 - 5 - 17 1.16  (0.72-1.87) 41 0.91  (0.67-1.24) 

T2 0 - 3 - 4 - 18 1.22  (0.77-1.95) 46 1.02  (0.76-1.38) 

T3 0 - 3 - 6 - 11 0.74  (0.41-1.34) 50 1.15  (0.86-1.52) 

ptrend 
       0.33  0.32 

Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age, state, smoking status and intensity, cohort, body mass index, Yost tertile, and race and ethnicity, parity, age at menarche, oral contraceptive use, and hormone therapy use; estimates are 

not presented for chemicals at distances with <10 cases exposed per category 

b: Model is additionally adjusted for benzene emissions at 5km and 10km  

c: Model is additionally adjusted for 1 3 Butadiene at 2km-3km-5km-and 10km 

d: Model is additionally adjusted for 1-2 Di chloropropane at 10km 

e: Model is additionally adjusted for Nickel at 1km and 10km 
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Table 3-9. Associations  a for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of ovarian cancer among women in the pooled 

cohort (N=167,617), additionally adjusted for reproductive factors  

 
≤1km 

Cases 

 

HR (95% CI) 

≤2km 

Cases 

 

HR (95% CI) 

≤3km 

Cases 

 

HR (95% CI) 

≤5km 

Cases 

 

HR (95% CI) 

≤10km 

Cases 

 

HR (95% CI) 

1-3 -Butadieneb 
          

REF=ZERO 1971  1967  1959  1935  1835  
Q1 0 - 1 - 6 - 10 - 33 0.84 (0.58-1.20) 

Q2 0 - 1 - 2 - 11 - 34 0.84 (0.59-1.21) 

Q3 1 - 0 - 2 - 7 - 32 0.72 (0.49-1.06) 

Q4 0 - 3 - 3 - 9 - 38 0.82 (0.57-1.17) 

ptrend 
         0.36 

1-2-Dichloropropane 
          

REF=ZERO 1971  1971  1966  1959  1925  
T1 1 - 0 - 1 - 3 - 15 0.98 (0.59-1.64) 

T2 0 - 1 - 2 - 5 - 19 1.51 (0.95-2.42) 

T3 0 - 0 - 3 - 5 - 13 0.96 (0.55-1.67) 

ptrend 
         0.97 

Arsenic 
          

REF=ZERO 1968  1960  1945.00  1907  1750  
Q1 1 - 1 - 5.00 - 16 1.09 (0.67-1.79) 61 1.19 (0.92-1.55) 

Q2 1 - 4 - 10.00 - 16 1.05 (0.64-1.72) 45 0.89 (0.66-1.20) 

Q3 2 - 5 - 7.00 - 16 1.03 (0.63-1.68) 58 1.10 (0.85-1.44) 

Q4 0 - 2 - 5.00 - 17 1.14 (0.70-1.84) 58 1.12 (0.86-1.46) 

ptrend 
       0.60  0.37 

Asbestos  
          

REF=ZERO 1972  1964  1953  1905  1785  
Q1 0 - 1 - 5 - 16 1.10 (0.67-1.81) 40 0.99 (0.72-1.36) 

Q2 0 - 4 - 8 - 11 0.66 (0.37-1.21) 47 1.02 (0.76-1.36) 

Q3 0 - 3 - 6 - 28 1.87 (1.29-2.73) 47 1.00 (0.75-1.34) 

Q4 0 - 0 - 0 - 12 0.86 (0.49-1.52) 53 1.20 (0.91-1.59) 

ptrend 
       0.89  0.20 
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Benzenec 
          

REF=ZERO 1967  1942  1892  1782  1447  
Q1 1 - 6 - 18 0.95 (0.60-1.52) 33 0.74 (0.52-1.04) 127 1.00 (0.83-1.21) 

Q2 1 - 5 - 21 1.15 (0.74-1.79) 53 1.22 (0.92-1.62) 123 1.01 (0.83-1.23) 

Q3 0 - 9 - 18 1.10 (0.68-1.79) 48 1.18 (0.87-1.60) 127 1.13 (0.92-1.39) 

Q4 3 - 10 - 23 1.46 (0.93-2.29) 56 1.38 (1.02-1.86) 148 1.30 (1.06-1.61) 

ptrend 
     0.10  0.04  0.02 

Beryllium 
          

REF=ZERO 1972  1969  1967  1958  1914  
Q1 0 - 0 - 0 - 2 - 12 0.87 (0.49-1.54) 

Q2 0 - 1 - 2 - 5 - 11 0.80 (0.44-1.46) 

Q3 0 - 2 - 2 - 3 - 17 1.21 (0.75-1.96) 

Q4 0 - 0 - 1 - 4 - 18 1.32 (0.82-2.11) 

ptrend 
         0.22 

Cadmium 
          

REF=ZERO 1967  1950  1919  1852  1607  
T1 1 - 8 - 21 1.48 (0.96-2.28) 43 1.16 (0.85-1.57) 118 1.00 (0.83-1.21) 

T2 2 - 5 - 12 0.86 (0.49-1.53) 39 1.09 (0.79-1.51) 126 1.12 (0.93-1.36) 

T3 2 - 9 - 20 1.51 (0.96-2.36) 38 1.11 (0.80-1.54) 121 1.13 (0.93-1.38) 

ptrend 
     0.08  0.54  0.21 

Chromium 

          
REF=ZERO 1933  1833  1696  1356  842  
T1 13 1.18 (0.68-2.04) 47 0.96 (0.71-1.28) 93 0.92 (0.74-1.13) 213 1.05 (0.91-1.22) 392 1.01 (0.89-1.14) 

T2 11 1.01 (0.56-1.83) 42 0.87 (0.64-1.19) 85 0.85 (0.68-1.06) 205 1.04 (0.89-1.21) 353 0.93 (0.81-1.06) 

T3 15 1.39 (0.83-2.32) 50 1.06 (0.80-1.41) 98 1.02 (0.83-1.25) 198 1.04 (0.89-1.21) 385 1.03 (0.90-1.18) 

ptrend 
 0.21  0.70  0.85  0.75  0.48 

Ethylene oxide 
          

REF=ZERO 1969  1951  1927  1856  1628  
T1 2 - 7 - 18 1.53 (0.96-2.43) 41 1.20 (0.87-1.64) 117 1.11 (0.92-1.35) 

T2 0 - 7 - 12 1.03 (0.58-1.83) 37 1.13 (0.81-1.56) 108 1.09 (0.89-1.33) 

T3 1 - 7 - 15 1.20 (0.72-1.99) 38 1.09 (0.79-1.51) 119 1.16 (0.96-1.40) 
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ptrend 
     0.50  0.59  0.15 

Formaldehyde 
          

REF=ZERO 1957  1918  1844  1668  1206  
Q1 6 - 18 1.29 (0.81-2.05) 36 1.16 (0.83-1.62) 84 1.11 (0.89-1.39) 214 1.07 (0.92-1.24) 

Q2 3 - 12 0.86 (0.49-1.52) 30 0.96 (0.67-1.39) 74 1.00 (0.79-1.27) 183 0.97 (0.83-1.14) 

Q3 1 - 10 0.72 (0.39-1.35) 31 1.01 (0.71-1.45) 68 0.96 (0.75-1.23) 176 0.95 (0.81-1.12) 

Q4 5 - 14 1.06 (0.63-1.80) 31 1.05 (0.73-1.50) 78 1.13 (0.89-1.42) 193 1.08 (0.92-1.27) 

ptrend 
   0.94  0.82  0.35  0.35 

Nickel 
          

REF=ZERO 1944  1863  1723  1429  951  
Q1 7 - 22 0.73 (0.48-1.11) 60 0.96 (0.74-1.25) 151 1.17 (0.99-1.39) 263 1.00 (0.86-1.15) 

Q2 5 - 31 1.03 (0.72-1.47) 72 1.16 (0.91-1.47) 150 1.17 (0.99-1.39) 266 1.03 (0.89-1.18) 

Q3 8 - 29 1.03 (0.71-1.48) 65 1.11 (0.86-1.42) 122 0.99 (0.82-1.20) 244 0.98 (0.85-1.14) 

Q4 8 - 27 0.97 (0.66-1.42) 52 0.91 (0.69-1.20) 120 1.02 (0.84-1.24) 248 1.03 (0.88-1.20) 

ptrend 
   0.92  0.56  0.91  0.77 

O-Toluidine           
REF=ZERO 1969  1966  1965  1951  1913  
Q1 2 - 1 - 1 - 3 - 12 0.77 (0.43-1.37) 

Q2 1 - 5 - 4 - 6 - 12 0.77 (0.43-1.36) 

Q3 0 - 0 - 1 - 9 - 17 1.10 (0.67-1.80) 

Q4 0 - 0 - 1 - 3 - 18 1.07 (0.66-1.72) 

ptrend 
         0.75 

Trichloroethylene           
REF=ZERO 1958  1902  1812  1577  1155  
Q1 6 - 10 0.54 (0.29-1.01) 35 0.88 (0.63-1.24) 106 1.19 (0.98-1.46) 201 0.95 (0.81-1.11) 

Q2 2 - 23 1.16 (0.77-1.76) 47 1.17 (0.88-1.57) 96 1.09 (0.89-1.35) 206 1.03 (0.89-1.20) 

Q3 5 - 24 1.22 (0.81-1.83) 44 1.04 (0.77-1.41) 100 1.11 (0.90-1.37) 203 1.04 (0.89-1.22) 

Q4 1 - 13 0.69 (0.40-1.19) 34 0.84 (0.59-1.18) 93 1.02 (0.82-1.26) 207 1.01 (0.86-1.19) 

ptrend 
   0.29  0.35  0.97  0.85 

Vinyl Chloride           
REF=ZERO 1970  1970  1963  1955  1916  
Q1 0 - 0 - 3 - 4 - 12 0.68 (0.39-1.21) 
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Q2 1 - 0 - 3 - 5 - 14 0.86 (0.50-1.46) 

Q3 1 - 2 - 2 - 5 - 17 1.07 (0.66-1.74) 

Q4 0 - 1 - 1 - 3 - 13 0.82 (0.47-1.42) 

ptrend          0.48 

Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age, state, smoking status and intensity, cohort, Yost tertile, race and ethnicity, parity, age at menarche, oral contraceptive use, and hormone therapy use; estimates are not presented for 

chemicals at distances with <10 cases exposed per category 

b: Model is additionally adjusted for benzene emissions at 10km  

c: Model is additionally adjusted for1-3-butadiene at 3km-5km-and 10km 
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Table 3-10. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of 

endometrial cancer among women in the pooled cohort (N=132,017*), by baseline BMI  

 

 

Underweight/Normal   

(n=59,178) 

Overweight  

  (n=43,230) 

Obese  

  (n=29,609)  

 Cases HR   (95% CI) Cases HR   (95% CI) Cases HR   (95% CI) p-interaction 

1-3 -Butadieneb        
≤10km        

REF=ZERO 942  959  1295   
T1 25 1.09  (0.72-1.66) 25 0.90  (0.59-1.37) 39 0.88  (0.63-1.24)  
T2 19 0.82  (0.50-1.36) 32 1.02  (0.69-1.52) 36 0.83  (0.58-1.20)  
T3 13 0.56  (0.30-1.02) 29 1.01  (0.66-1.54) 47 1.02  (0.72-1.44) 0.06 

p-trend  0.06  0.95  0.73  
Arsenic        
≤10km        

REF=ZERO 910  940  1235   
T1 37 1.07  (0.77-1.50) 36 0.97  (0.69-1.36) 59 1.01  (0.77-1.31)  
T2 22 0.67  (0.44-1.02) 34 0.86  (0.61-1.21) 58 1.00  (0.77-1.31)  
T3 30 0.93  (0.64-1.34) 35 0.87  (0.62-1.22) 65 1.16  (0.90-1.49) 0.52 

p-trend  0.60  0.39  0.27  
Asbestos         

≤10km        
REF=ZERO 903  948  1261   

T1 22 0.89  (0.58-1.36) 39 1.10  (0.80-1.53) 56 1.00  (0.76-1.31)  
T2 35 1.12  (0.79-1.57) 33 1.01  (0.71-1.43) 52 1.07  (0.81-1.41)  
T3 39 1.35  (0.97-1.86) 25 0.74  (0.50-1.11) 48 0.98  (0.73-1.31) 0.46 

p-trend  0.06  0.15  0.94  
Benzenec 

       
≤5km        

REF=ZERO 923  923  1246   



125 
 

T1 24 0.87  (0.58-1.31) 34 1.12  (0.79-1.59) 54 0.92  (0.69-1.21)  
T2 32 1.22  (0.83-1.78) 46 1.41  (1.03-1.93) 56 0.98  (0.74-1.31)  
T3 20 0.89  (0.54-1.45) 42 1.19  (0.82-1.72) 61 1.14  (0.84-1.55) 0.33 

p-trend  0.60  0.49  0.37  
≤10km        

REF=ZERO 760  754  987   
T1 100 1.22  (0.98-1.52) 78 0.84  (0.66-1.08) 142 1.04  (0.86-1.26)  
T2 76 0.99  (0.76-1.29) 104 1.12  (0.89-1.40) 136 0.95  (0.78-1.16)  
T3 63 1.03  (0.75-1.41) 109 1.15  (0.89-1.50) 152 1.00  (0.80-1.24) 0.06 

p-trend  1.00  0.28  0.98  
Cadmium 

       
≤5km        

REF=ZERO 953  983  1307   
T1 13 0.80  (0.46-1.39) 19 0.89  (0.56-1.40) 36 0.97  (0.69-1.36)  
T2 16 0.98  (0.60-1.62) 20 0.93  (0.60-1.46) 41 1.10  (0.80-1.51)  
T3 17 1.16  (0.71-1.89) 23 1.00  (0.65-1.52) 33 0.89  (0.62-1.26) 0.87 

p-trend  0.54  0.99  0.53  
≤10km        

REF=ZERO 836  842  1098   
T1 61 1.10  (0.84-1.43) 56 0.85  (0.65-1.12) 93 0.88  (0.71-1.10)  
T2 45 0.85  (0.63-1.16) 74 1.11  (0.87-1.41) 117 1.16  (0.95-1.41)  
T3 57 1.19  (0.89-1.59) 73 1.03  (0.80-1.33) 109 1.01  (0.82-1.24) 0.29 

p-trend  0.26  0.75  0.88  
Chromiumd 

       
≤3km        

REF=ZERO 887  901  1140   
T1 37 0.82  (0.59-1.14) 39 0.68  (0.49-0.94) 87 1.01  (0.81-1.26)  
T2 43 1.00  (0.73-1.36) 45 0.79  (0.58-1.06) 89 0.98  (0.79-1.22)  
T3 32 0.76  (0.53-1.09) 60 1.07  (0.82-1.40) 101 1.07  (0.86-1.32) 0.08 

p-trend  0.16  0.50  0.55  
≤5km        
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REF=ZERO 739  724  900   
T1 96 0.97  (0.78-1.21) 109 0.95  (0.78-1.17) 170 1.05  (0.89-1.25)  
T2 87 0.93  (0.74-1.17) 95 0.81  (0.65-1.00) 157 0.95  (0.80-1.13)  
T3 77 0.89  (0.70-1.14) 117 1.02  (0.83-1.25) 190 1.06  (0.90-1.25) 0.37 

p-trend  0.37  0.71  0.51  
≤10km        

REF=ZERO 443  432  535   
T1 211 0.97  (0.78-1.21) 226 1.02  (0.83-1.25) 263 0.87  (0.72-1.04)  
T2 202 0.95  (0.74-1.21) 179 0.78  (0.61-0.99) 285 0.87  (0.71-1.07)  
T3 143 0.75  (0.56-0.99) 208 0.86  (0.66-1.12) 334 0.94  (0.75-1.17) 0.06 

p-trend  0.02  0.67  0.55  
Ethylene oxide        

≤5km        
REF=ZERO 949  979  1310   

T1 18 1.17  (0.73-1.88) 23 1.12  (0.73-1.70) 41 1.18  (0.86-1.62)  
T2 12 0.82  (0.46-1.46) 26 1.29  (0.87-1.91) 30 0.85  (0.59-1.23)  
T3 20 1.15  (0.73-1.79) 17 0.82  (0.51-1.33) 36 1.17  (0.84-1.63) 0.56 

p-trend  0.57  0.45  0.40  
≤10km        

REF=ZERO 853  849  1137   
T1 46 0.89  (0.65-1.20) 67 1.16  (0.90-1.49) 87 1.00  (0.80-1.25)  
T2 49 1.05  (0.78-1.41) 63 1.05  (0.81-1.37) 95 0.98  (0.79-1.22)  
T3 51 0.99  (0.74-1.32) 66 1.09  (0.85-1.41) 98 1.06  (0.86-1.31) 0.67 

p-trend  0.98  0.57  0.56  
Formaldehyde        

≤3km        
REF=ZERO 944  968  1302   

T1 20 1.06  (0.68-1.66) 28 1.06  (0.73-1.56) 37 0.92  (0.66-1.28)  
T2 23 1.24  (0.81-1.88) 28 1.09  (0.74-1.59) 32 0.77  (0.54-1.10)  
T3 12 0.68  (0.38-1.20) 21 0.88  (0.57-1.35) 46 1.05  (0.78-1.42) 0.43 

p-trend  0.21  0.57  0.76  
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≤5km        
REF=ZERO 859  881  1170   

T1 52 1.07  (0.81-1.42) 53 0.87  (0.66-1.15) 86 1.02  (0.81-1.27)  
T2 51 1.11  (0.83-1.47) 55 0.95  (0.72-1.25) 81 0.87  (0.69-1.10)  
T3 37 0.91  (0.65-1.27) 56 0.92  (0.70-1.22) 80 0.82  (0.65-1.03) 0.92 

p-trend  0.58  0.63  0.09  
≤10km        

REF=ZERO 627  616  798   
T1 142 1.04  (0.86-1.25) 140 0.99  (0.82-1.19) 224 1.12  (0.96-1.30)  
T2 126 0.99  (0.81-1.20) 141 0.99  (0.82-1.20) 193 0.94  (0.80-1.10)  
T3 104 0.92  (0.74-1.14) 148 1.02  (0.84-1.24) 202 0.88  (0.75-1.04) 0.53 

p-trend  0.41  0.79  0.08  
Nickel        
≤3km        

REF=ZERO 887  913  1192   
T1 48 1.25  (0.93-1.68) 34 0.78  (0.55-1.11) 83 1.24  (0.99-1.56)  
T2 23 0.67  (0.44-1.02) 55 1.19  (0.90-1.57) 80 1.11  (0.89-1.40)  
T3 41 1.29  (0.94-1.78) 43 0.98  (0.72-1.34) 62 0.77  (0.60-1.01) 0.01 

p-trend  0.17  0.99  0.04  
≤5km        

REF=ZERO 766  771  964   
T1 90 1.03  (0.82-1.28) 83 0.88  (0.70-1.11) 145 1.10  (0.92-1.31)  
T2 79 1.01  (0.80-1.29) 96 0.97  (0.78-1.21) 159 1.13  (0.95-1.34)  
T3 64 0.93  (0.71-1.21) 95 1.00  (0.80-1.25) 149 0.95  (0.79-1.13) 0.45 

p-trend  0.56  0.90  0.40  
≤10km        

REF=ZERO 484  494  614   
T1 198 1.14  (0.96-1.36) 189 1.06  (0.89-1.26) 237 0.99  (0.85-1.16)  
T2 183 1.22  (1.01-1.46) 172 0.93  (0.77-1.12) 281 1.04  (0.89-1.21)  
T3 134 1.04  (0.85-1.29) 190 1.03  (0.85-1.24) 285 0.91  (0.78-1.07) 0.45 

p-trend  0.80  0.79  0.18  
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Trichloroethylene        
≤3km        

REF=ZERO 930  934  1271   
T1 21 0.84  (0.55-1.31) 38 1.28  (0.92-1.78) 46 0.92  (0.69-1.24)  
T2 19 0.78  (0.49-1.23) 38 1.22  (0.88-1.69) 55 1.13  (0.86-1.49)  
T3 29 1.20  (0.82-1.75) 35 1.14  (0.81-1.60) 45 0.90  (0.67-1.22) 0.20 

p-trend  0.39  0.44  0.58  
≤5km        

REF=ZERO 853  835  1083   
T1 44 0.73  (0.53-0.99) 66 0.90  (0.69-1.16) 103 1.00  (0.81-1.22)  
T2 51 0.88  (0.66-1.18) 64 0.89  (0.68-1.15) 123 1.18  (0.97-1.43)  
T3 51 0.86  (0.64-1.16) 80 1.07  (0.84-1.36) 108 1.00  (0.82-1.23) 0.05 

p-trend  0.40  0.51  1.00  
≤10km        

REF=ZERO 604  594  738   
T1 157 1.10  (0.92-1.32) 138 0.92  (0.76-1.11) 210 1.01  (0.86-1.18)  
T2 128 1.00  (0.82-1.22) 146 0.96  (0.79-1.16) 223 1.06  (0.90-1.24)  
T3 110 0.87  (0.69-1.08) 167 1.03  (0.86-1.25) 246 1.14  (0.97-1.34) 0.07 

p-trend  0.13  0.53  0.11  
*4,053 participants were missing BMI and were excluded from this analysis 

Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age, state, smoking status and intensity, cohort, Yost tertile, and race and ethnicity; estimates are not presented for chemicals at distances 

with <10 cases exposed per category 

b: Model is additionally adjusted for benzene at 10km 

c: Model is additionally adjusted for 1-3-butadiene emissions at 5km and 10km  

d: Chromium and chromium VI compounds Model is additionally adjusted for nickel at 10km 
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Table 3-11. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of 

ovarian cancer among women in the pooled cohort (N=162,723*), by baseline BMI  

 

Underweight/Normal   

(n= 70,839) 

Overweight  

  (n= 54,151) 

Obese  

  (n= 37,733)  
  Cases HR   (95% CI) Cases HR   (95% CI) Cases HR   (95% CI) p-interaction 

1-3 – Butadieneb               

≤10km          
REF=ZERO 820  570   403   

T1 23 1.05 (0.68-1.63) 14 0.86 (0.49-1.51) 6 -  
T2 15 0.72 (0.42-1.25) 17 0.94 (0.55-1.61) 18 -  
T3 18 0.87 (0.51-1.49) 12 0.66 (0.35-1.24) 12 - 0.29 

ptrend   0.66   0.21       

Arsenic               

≤10km          
REF=ZERO 786  542   378   

T1 25 0.87 (0.58-1.30) 27 1.31 (0.89-1.95) 21 1.26 (0.80-1.97)  
T2 35 1.23 (0.87-1.72) 18 0.84 (0.53-1.35) 18 1.07 (0.67-1.73)  
T3 30 1.08 (0.75-1.57) 26 1.14 (0.77-1.71) 19 1.13 (0.71-1.80) 0.61 

ptrend   0.61   0.57   0.64   

Asbestos                

≤10km          
REF=ZERO 796  553   393   

T1 22 1.07 (0.70-1.65) 22 1.29 (0.83-1.99) 17 1.14 (0.70-1.88)  
T2 23 0.81 (0.53-1.23) 15 0.85 (0.50-1.42) 12 0.84 (0.47-1.49)  
T3 35 1.40 (0.99-1.97) 23 1.30 (0.85-1.98) 14 1.01 (0.59-1.74) 0.97 

ptrend   0.08   0.29   0.96   

Benzenec               

≤5km          
REF=ZERO 797  557   385   

T1 28 1.12 (0.76-1.65) 13 0.71 (0.41-1.25) 13 0.88 (0.50-1.55)  
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T2 21 0.97 (0.62-1.53) 19 0.98 (0.60-1.59) 18 1.29 (0.78-2.13)  
T3 30 1.48 (0.98-2.25) 24 1.44 (0.91-2.29) 20 1.32 (0.78-2.22) 0.81 

ptrend  0.06   0.10  0.33  
≤10km          

REF=ZERO 653  458   297   
T1 85 1.14 (0.89-1.45) 42 0.76 (0.55-1.06) 34 1.00 (0.68-1.45)  
T2 74 1.09 (0.84-1.43) 51 0.97 (0.71-1.34) 46 1.43 (1.01-2.02)  
T3 64 1.07 (0.78-1.48) 62 1.28 (0.91-1.79) 59 1.70 (1.19-2.43) 0.26 

ptrend   0.85   0.09   0.01   

Cadmium               

≤5km          
REF=ZERO 832  572   405   

T1 16 1.14 (0.69-1.87) 10 0.85 (0.45-1.59) 16 -  
T2 17 1.18 (0.73-1.93) 13 1.22 (0.70-2.12) 9 -  
T3 11 0.88 (0.48-1.62) 18 1.72 (1.06-2.80) 6 - 0.21 

ptrend  0.72   0.02    
≤10km          

REF=ZERO 720  507   345   
T1 51 1.05 (0.79-1.40) 33 0.88 (0.62-1.26) 33 1.19 (0.82-1.71)  
T2 54 1.18 (0.89-1.57) 34 0.92 (0.64-1.31) 34 1.31 (0.91-1.89)  
T3 51 1.31 (0.96-1.77) 39 1.14 (0.80-1.61) 24 0.83 (0.54-1.29) 0.57 

ptrend   0.09   0.44   0.36   

Chromium               

≤3km          
REF=ZERO 773  521   359   

T1 40 0.97 (0.70-1.33) 27 0.85 (0.57-1.26) 25 0.99 (0.66-1.50)  
T2 28 0.72 (0.49-1.05) 29 0.95 (0.65-1.38) 26 0.98 (0.65-1.47)  
T3 35 0.94 (0.67-1.33) 36 1.28 (0.90-1.81) 26 0.96 (0.64-1.45) 0.74 

ptrend  0.69   0.15  0.86  
≤5km          

REF=ZERO 630  404   288   
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T1 95 1.09 (0.87-1.36) 69 1.13 (0.87-1.47) 46 0.97 (0.70-1.33)  
T2 80 0.98 (0.77-1.24) 70 1.17 (0.90-1.52) 52 1.08 (0.79-1.46)  
T3 71 0.94 (0.73-1.21) 70 1.25 (0.96-1.63) 50 0.97 (0.71-1.33) 0.66 

ptrend  0.55   0.15  0.85  
≤10km          

REF=ZERO 397  252   174   
T1 180 1.03 (0.85-1.24) 124 1.06 (0.84-1.32) 80 0.94 (0.71-1.24)  
T2 146 0.88 (0.72-1.08) 108 0.94 (0.74-1.20) 88 1.01 (0.76-1.32)  
T3 153 1.02 (0.83-1.25) 129 1.15 (0.91-1.45) 94 0.98 (0.74-1.31) 0.82 

ptrend   0.76   0.21   0.98   

Ethylene oxide               

≤5km          
REF=ZERO 822   576   413   

T1 21 1.58 (1.02-2.46) 9 - 10 -  
T2 16 1.28 (0.77-2.10) 15 - 5 -  
T3 17 1.19 (0.73-1.93) 13 - 8 -  

ptrend  0.49     0.43 

≤10km          
REF=ZERO 728   498   362   

T1 58 1.34 (1.02-1.76) 36 1.12 (0.79-1.58) 21 0.86 (0.55-1.34)  
T2 39 0.99 (0.72-1.38) 35 1.13 (0.79-1.60) 31 1.21 (0.83-1.77)  
T3 51 1.22 (0.91-1.63) 44 1.43 (1.04-1.96) 22 0.82 (0.53-1.27) 0.27 

ptrend   0.24   0.03   0.39   

Formaldehyde               

≤3km          
REF=ZERO 831  567   404   

T1 22 1.36 (0.88-2.08) 18 1.35 (0.84-2.17) 6 -  
T2 11 0.69 (0.38-1.25) 12 0.94 (0.53-1.67) 14 -  
T3 12 0.80 (0.45-1.42) 16 1.34 (0.81-2.21) 12 - 0.22 

ptrend  0.38   0.29    
≤5km          
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REF=ZERO 755  507   373   
T1 45 1.07 (0.79-1.45) 41 1.28 (0.93-1.76) 21 0.90 (0.58-1.40)  
T2 34 0.86 (0.61-1.22) 35 1.22 (0.86-1.73) 19 0.76 (0.47-1.21)  
T3 42 1.18 (0.86-1.62) 30 1.04 (0.71-1.52) 26 1.04 (0.69-1.56) 0.44 

ptrend  0.33   0.91  0.82  
≤10km          

REF=ZERO 541  374   267   
T1 137 1.18 (0.98-1.43) 74 0.93 (0.72-1.20) 65 1.15 (0.87-1.51)  
T2 93 0.87 (0.69-1.09) 88 1.17 (0.92-1.48) 41 0.70 (0.50-0.98)  
T3 105 1.09 (0.87-1.36) 77 1.03 (0.80-1.34) 66 1.11 (0.83-1.48) 0.09 

ptrend   0.56   0.83   0.42   

Nickel               

≤2km          
REF=ZERO 834  570   416   

T1 14 0.89 (0.52-1.51) 15 1.23 (0.73-2.06) 6 -  
T2 13 0.91 (0.52-1.58) 14 1.08 (0.64-1.85) 9 -  
T3 15 1.06 (0.64-1.78) 14 1.35 (0.79-2.31) 8 - 0.56 

ptrend  0.82   0.28    
≤3km          

REF=ZERO 781  522   377   
T1 34 0.96 (0.68-1.36) 27 1.07 (0.73-1.59) 21 1.04 (0.67-1.63)  
T2 31 0.97 (0.68-1.40) 34 1.35 (0.95-1.92) 22 1.06 (0.68-1.64)  
T3 30 1.04 (0.72-1.51) 30 1.36 (0.93-1.99) 16 0.70 (0.42-1.17) 0.50 

ptrend  0.83   0.10  0.17  
≤5km          

REF=ZERO 650  433   310   
T1 90 1.20 (0.96-1.50) 61 1.16 (0.88-1.53) 41 1.02 (0.73-1.43)  
T2 73 1.08 (0.84-1.38) 67 1.30 (0.99-1.69) 45 1.09 (0.79-1.51)  
T3 63 1.04 (0.80-1.37) 52 1.11 (0.82-1.49) 40 0.89 (0.63-1.26) 0.85 

ptrend  0.91   0.63  0.48  
≤10km          
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REF=ZERO 442  286   198   
T1 159 0.97 (0.80-1.18) 112 1.08 (0.86-1.36) 85 1.19 (0.91-1.56)  
T2 141 0.96 (0.79-1.18) 112 1.10 (0.87-1.39) 67 0.90 (0.67-1.21)  
T3 134 1.04 (0.84-1.29) 103 1.05 (0.82-1.35) 86 1.04 (0.78-1.38) 0.71 

ptrend   0.58   0.90   0.96   

Trichloroethylene               

≤3km          
REF=ZERO 822  556   388   

T1 15 0.69 (0.41-1.15) 17 1.02 (0.62-1.65) 16 1.21 (0.73-2.01)  
T2 22 0.98 (0.64-1.50) 25 1.51 (1.01-2.27) 14 1.04 (0.61-1.78)  
T3 17 0.78 (0.48-1.27) 15 0.88 (0.53-1.49) 18 1.32 (0.82-2.15) 0.29 

ptrend  0.34   0.79  0.27  
≤5km          

REF=ZERO 720  472   343   
T1 56 1.13 (0.85-1.49) 45 1.23 (0.90-1.68) 27 0.96 (0.64-1.43)  
T2 57 1.18 (0.90-1.56) 47 1.37 (1.01-1.87) 36 1.24 (0.87-1.77)  
T3 43 0.86 (0.62-1.18) 49 1.34 (0.98-1.82) 30 0.99 (0.67-1.46) 0.46 

ptrend  0.31   0.09  0.98  
≤10km          

REF=ZERO 523  350   252   
T1 129 1.05 (0.86-1.28) 85 1.04 (0.81-1.32) 53 0.82 (0.60-1.11)  
T2 117 1.04 (0.85-1.29) 80 1.04 (0.81-1.35) 57 0.92 (0.68-1.25)  
T3 107 0.95 (0.76-1.20) 98 1.21 (0.94-1.55) 74 1.16 (0.87-1.54) 0.37 

ptrend   0.58   0.14   0.15   
*4,894 participants were missing BMI and were excluded from this analysis  

Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age, state, smoking status and intensity, cohort, Yost, tertile, and race and ethnicity; estimates are not presented for chemicals at distances with <10 cases 

exposed per category 

b: Model is additionally adjusted for Benzene emissions 10km 

c: Model is additionally adjusted for 1-3-Butadiene emissions at 10km  

Table 3-12. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of 

endometrial cancer among women in the pooled cohort (N=136,070), by histologic subtype  
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  Non-Endometrioid tumors    Endometrioid tumors      

  Cases HR   (95% CI) Cases HR   (95% CI) p-heterogeneity 

1-3 – Butadieneb           

≤10km       
REF=ZERO 591  2535   

T1 17 0.93  (0.56-1.54) 69 0.94  (0.73-1.21)  
T2 29 1.40  (0.91-2.16) 54 0.72  (0.54-0.97)  
T3 19 1.01  (0.59-1.72) 72 0.93  (0.71-1.22) 0.06 

p-trend   0.91   0.80   

Arsenic           

≤10km       
REF=ZERO 590  2430   

T1 24 1.00  (0.66-1.51) 102 0.98  (0.80-1.20)  
T2 21 0.82  (0.53-1.27) 90 0.88  (0.71-1.08)  
T3 21 0.81  (0.52-1.26) 108 1.07  (0.88-1.30) 0.87 

p-trend   0.33   0.52   

Asbestos            

≤10km       
REF=ZERO 570  2474   

T1 26 1.07  (0.71-1.59) 89 1.00  (0.81-1.24)  
T2 30 1.37  (0.95-1.99) 89 1.01  (0.82-1.25)  
T3 30 1.31  (0.90-1.90) 78 0.91  (0.72-1.14) 0.33 

p-trend   0.12   0.41   

Benzenec           

≤5km       
REF=ZERO 577  2441   

T1 18 0.81  (0.50-1.32) 94 1.04  (0.84-1.28)  
T2 31 1.34  (0.90-1.99) 103 1.16  (0.94-1.43)  
T3 30 1.35  (0.87-2.09) 92 1.07  (0.84-1.36) 0.58 

p-trend  0.23   0.68  
≤10km       
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REF=ZERO 458  1988   
T1 54 0.98  (0.73-1.32) 259 1.05  (0.91-1.20)  
T2 81 1.35  (1.03-1.78) 229 0.93  (0.80-1.09)  
T3 63 0.92  (0.65-1.30) 254 1.09  (0.92-1.28) 0.62 

p-trend   0.29   0.27   

Cadmium           

≤5km       
REF=ZERO 601  2569   

T1 20 1.47  (0.94-2.31) 49 0.83  (0.62-1.10)  
T2 23 1.54  (1.01-2.36) 51 0.87  (0.66-1.16)  
T3 12 0.81  (0.45-1.44) 61 1.03  (0.80-1.34) 0.44 

p-trend  0.51   0.81  
≤10km       

REF=ZERO 511  2190   
T1 42 0.99  (0.72-1.37) 167 0.95  (0.81-1.11)  
T2 50 1.10  (0.82-1.49) 191 1.14  (0.98-1.32)  
T3 53 1.18  (0.87-1.60) 182 1.03  (0.88-1.21) 0.62 

p-trend   0.28   0.65   

Chromium           

≤2km       
REF=ZERO 610  2521   

T1 15 0.80  (0.48-1.35) 68 0.93  (0.73-1.18)  
T2 17 0.88  (0.54-1.43) 79 1.05  (0.84-1.32)  
T3 14 0.70  (0.41-1.20) 62 0.84  (0.65-1.09) 0.26 

p-trend  0.20   0.21  
≤3km       

REF=ZERO 547  2306   
T1 34 0.94  (0.66-1.34) 134 0.91  (0.76-1.08)  
T2 31 0.82  (0.57-1.19) 143 0.97  (0.82-1.15)  
T3 44 1.12  (0.82-1.54) 147 0.99  (0.84-1.18) 0.47 

p-trend  0.46   0.98  
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≤5km       
REF=ZERO 435  1881   

T1 64 0.91  (0.69-1.19) 301 1.01  (0.90-1.15)  
T2 75 1.02  (0.79-1.31) 253 0.86  (0.75-0.98)  
T3 82 1.06  (0.83-1.37) 295 1.00  (0.88-1.14) 0.15 

p-trend  0.53   0.96  
≤10km       

REF=ZERO 258  1126   
T1 120 0.92  (0.73-1.16) 560 0.97  (0.85-1.10)  
T2 133 0.97  (0.78-1.22) 516 0.88  (0.76-1.02)  
T3 145 1.00  (0.80-1.26) 528 0.89  (0.75-1.05) 0.01 

p-trend   0.97   0.45   

Ethylene oxide           

≤10km       
REF=ZERO 545  2234   

T1 37 0.87  (0.62-1.22) 158 1.04  (0.89-1.23)  
T2 33 0.81  (0.57-1.17) 166 1.05  (0.89-1.23)  
T3 41 1.03  (0.75-1.43) 172 1.07  (0.91-1.25) 0.36 

p-trend   0.75   0.45   

Formaldehyde           

≤3km       
REF=ZERO 605  2540   

T1 16 0.94  (0.57-1.55) 68 1.03  (0.81-1.32)  
T2 19 1.10  (0.69-1.75) 61 0.91  (0.70-1.17)  
T3 16 0.94  (0.57-1.55) 61 0.91  (0.71-1.18) 0.29 

p-trend  0.83   0.46  
≤5km       

REF=ZERO 542  2304   
T1 32 0.83  (0.58-1.19) 152 1.01  (0.85-1.19)  
T2 49 1.23  (0.91-1.66) 137 0.90  (0.76-1.07)  
T3 33 0.83  (0.58-1.20) 137 0.88  (0.74-1.05) 0.05 
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p-trend  0.37   0.16  
≤10km       

REF=ZERO 375  1608   
T1 82 0.87  (0.68-1.11) 414 1.11  (1.00-1.25)  
T2 116 1.20  (0.97-1.50) 345 0.94  (0.84-1.06)  
T3 83 0.87  (0.67-1.12) 363 0.96  (0.85-1.09) 0.22 

p-trend   0.25   0.36   

Nickel           

≤2km       
REF=ZERO 614  2563   

T1 14 0.99  (0.58-1.69) 60 1.03  (0.80-1.33)  
T2 13 0.86  (0.50-1.50) 59 1.01  (0.78-1.31)  
T3 15 0.98  (0.58-1.65) 48 0.81  (0.60-1.08) 0.22 

p-trend  0.92   0.15  
≤3km       

REF=ZERO 551  2377   
T1 41 1.49  (1.08-2.06) 120 1.02  (0.85-1.23)  
T2 31 1.06  (0.73-1.53) 123 1.03  (0.86-1.24)  
T3 33 1.09  (0.76-1.56) 110 0.91  (0.75-1.10) 0.41 

p-trend  0.77   0.33  
≤5km        

REF=ZERO 448  2000   
T1 65 1.14  (0.88-1.49) 247 0.99  (0.87-1.14)  
T2 85 1.42  (1.12-1.80) 238 0.95  (0.83-1.09)  
T3 58 0.94  (0.70-1.25) 245 0.97  (0.85-1.12) 0.28 

p-trend  0.49   0.72  
≤10km       

REF=ZERO 279  1280   
T1 115 1.07  (0.85-1.34) 495 1.04  (0.94-1.16)  
T2 135 1.23  (0.99-1.54) 488 1.02  (0.91-1.14)  
T3 127 1.08  (0.85-1.37) 467 0.96  (0.85-1.08) 0.28 
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p-trend   0.88   0.31   

Trichloroethylene       
≤3km       

REF=ZERO 596  2476   
T1 25 1.21  (0.81-1.82) 78 0.96  (0.77-1.21)  
T2 21 1.02  (0.66-1.59) 86 1.06  (0.85-1.32)  
T3 14 0.69  (0.40-1.17) 90 1.10  (0.88-1.36) 0.46 

p-trend  0.17   0.37  
≤5km       

REF=ZERO 521  2196   
T1 52 1.08  (0.81-1.45) 157 0.85  (0.72-1.00)  
T2 44 0.94  (0.68-1.29) 192 1.04  (0.90-1.21)  
T3 39 0.84  (0.60-1.17) 185 0.97  (0.83-1.13) 0.61 

p-trend  0.27   0.86  
≤10km       

REF=ZERO 357  1528   
T1 103 1.07  (0.85-1.34) 398 1.02  (0.91-1.14)  
T2 100 1.06  (0.83-1.34) 390 1.02  (0.90-1.14)  
T3 96 1.02  (0.80-1.31) 414 1.04  (0.92-1.17) 0.63 

p-trend  0.99   0.56  
*We did not include participants in the 'Other'   (N=65) or 'Unknown"    (N=93) subtype categories 

Abbreviations: AEI: average emissions index 

Metals are reported as metallic metal and metal compounds together 

a: Model is adjusted for age-state-smoking status and intensity-cohort-body mass index-Yost tertile-and race and ethnicity; estimates are not presented for 

chemicals at distances with <10 cases exposed per category 

b: Model is additionally adjusted for benzene emissions at 10km 

c: Model is additionally adjusted for 1-3-butadiene emissions at 5km and 10km  

d: Model is additionally adjusted for nickel at 10km 
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Table 3-13. Associationsa for wind-adjusted IDW-square AEI exposure metrics for Group 1 carcinogens and risk of 

ovarian cancer among women in the pooled cohort (N=167,617), by histologic subtype  

  Serous  Other-Epithelial  
  Cases HR    (95% CI) Cases HR    (95% CI) p-heterogeneity 

1-3 – Butadieneb 
      

≤10km       
REF=ZERO 917  458   

T1 26 1.04 (0.68-1.57) 14 0.98 (0.55-1.74)  
T2 23 1.00 (0.63-1.57) 12 0.84 (0.45-1.59)  
T3 21 0.92 (0.57-1.50) 12 0.77 (0.40-1.48) 0.99 

ptrend   0.73   0.45   

Arsenic           

≤10km       
REF=ZERO 884  448   

T1 36 1.10 (0.78-1.54) 16 0.91 (0.55-1.51)  
T2 39 1.17 (0.85-1.61) 13 0.74 (0.43-1.29)  
T3 37 1.19 (0.85-1.66) 19 0.97 (0.61-1.55) 0.83 

ptrend   0.30   0.86   

Asbestos            

≤10km       
REF=ZERO 906  442   

T1 26 1.04 (0.70-1.55) 20 1.44 (0.91-2.28)  
T2 24 0.82 (0.55-1.24) 16 1.04 (0.63-1.72)  
T3 31 1.16 (0.80-1.66) 18 1.24 (0.77-2.00) 0.11 

ptrend   0.52   0.42   

Benzenec           

≤5km       
REF=ZERO 897  445   

T1 27 0.86 (0.58-1.28) 9 -  
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T2 26 0.89 (0.59-1.35) 19 1.27 ( 0.78-2.07)  
T3 37 1.31 (0.89-1.92) 23 1.72 ( 1.06-2.77) 0.07 

ptrend  0.14   0.02  
≤10km       

REF=ZERO 735  361   
T1 83 0.92 (0.72-1.17) 41 0.90 (0.64-1.27)  
T2 85 1.03 (0.80-1.33) 44 1.05 (0.74-1.48)  
T3 84 1.04 (0.79-1.39) 50 1.24 (0.85-1.81) 0.24 

ptrend   0.73   0.24   

Cadmium           

≤5km       
REF=ZERO 927  471   

T1 20 1.09 (0.70-1.70) 13 -  
T2 23 1.34 (0.88-2.04) 4 -  
T3 17 1.10 (0.67-1.79) 8 -  

ptrend  0.64    0.50 

≤10km       
REF=ZERO 809  412   

T1 61 1.01 (0.78-1.32) 30 0.99 (0.68-1.45)  
T2 58 1.04 (0.79-1.37) 31 1.08 (0.74-1.58)  
T3 59 1.20 (0.91-1.60) 23 0.82 (0.53-1.28) 0.79 

ptrend   0.20   0.40   

Chromium           

≤2km       
REF=ZERO 922  458   

T1 23 0.92 (0.61-1.40) 9 -  
T2 23 0.98 (0.65-1.50) 12 -  
T3 19 0.85 (0.54-1.35) 17 - 0.26 

ptrend  0.50     
≤3km       

REF=ZERO 855  421   
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T1 43 0.83 (0.61-1.13) 28 1.11 (0.75-1.64)  
T2 41 0.84 (0.61-1.16) 22 0.89 (0.58-1.37)  
T3 48 1.05 (0.78-1.41) 25 1.04 (0.69-1.57) 0.82 

ptrend  0.71   0.91  
≤5km       

REF=ZERO 686  346   
T1 108 1.04 (0.85-1.28) 51 0.98 (0.73-1.33)  
T2 92 0.94 (0.75-1.18) 51 1.01 (0.74-1.36)  
T3 101 1.09 (0.88-1.36) 48 0.97 (0.71-1.33) 0.92 

ptrend  0.45   0.85  
≤10km       

REF=ZERO 431  215   
T1 200 1.01 (0.84-1.20) 100 1.01 (0.79-1.30)  
T2 164 0.86 (0.71-1.05) 89 0.91 (0.70-1.18)  
T3 192 1.03 (0.86-1.25) 92 0.94 (0.71-1.23) 0.74 

ptrend   0.50   0.67   

Ethylene oxide           

≤10km       
REF=ZERO 822  405   

T1 56 1.07 (0.81-1.41) 39 1.55 (1.10-2.17)  
T2 54 1.15 (0.87-1.53) 23 0.90 (0.59-1.38)  
T3 55 1.18 (0.89-1.56) 29 1.06 (0.72-1.55) 0.27 

ptrend   0.26   0.92   

Formaldehyde           

≤3km       
REF=ZERO 938  466   

T1 21 1.04 (0.67-1.61) 8 -  
T2 16 0.82 (0.50-1.34) 10 -  
T3 12 0.63 (0.36-1.12) 12 - 0.66 

ptrend  0.11     
≤5km       
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REF=ZERO 852  423   
T1 44 0.88 (0.65-1.19) 32 1.25 (0.87-1.81)  
T2 47 1.02 (0.76-1.37) 15 0.61 (0.36-1.03)  
T3 44 0.99 (0.73-1.35) 26 1.08 (0.72-1.62) 0.99 

ptrend  0.99   0.80  
≤10km       

REF=ZERO 623  304   
T1 138 1.04 (0.86-1.26) 69 1.07 (0.82-1.40)  
T2 116 0.95 (0.77-1.16) 53 0.86 (0.64-1.17)  
T3 110 0.94 (0.76-1.17) 70 1.16 (0.88-1.54) 0.40 

ptrend   0.54   0.26   

Nickel           

≤2km       
REF=ZERO 923  469   

T1 21 1.04 (0.67-1.60) 8 -  
T2 23 1.22 (0.81-1.86) 7 -  
T3 20 1.14 (0.73-1.79) 12 - 0.93 

ptrend   0.52     
≤3km       

REF=ZERO 848   436   
T1 44 1.05 (0.77-1.43) 21 1.00 (0.64-1.56)  
T2 49 1.27 (0.94-1.69) 23 1.13 (0.74-1.73)  
T3 46 1.30 (0.96-1.76) 16 0.81 (0.49-1.34) 0.81 

ptrend  0.09  0.43  
≤5km       

REF=ZERO 710   365   
T1 105 1.20 (0.98-1.49) 40 0.92 (0.66-1.28)  
T2 88 1.08 (0.86-1.35) 49 1.17 (0.86-1.59)  
T3 84 1.11 (0.88-1.40) 42 1.03 (0.74-1.45) 0.55 

ptrend  0.53   0.81  
≤10km       
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REF=ZERO 484  241   
T1 168 0.93 (0.77-1.11) 87 1.03 (0.80-1.33)  
T2 166 0.96 (0.80-1.16) 87 1.06 (0.82-1.38)  
T3 169 1.04 (0.85-1.26) 81 0.99 (0.75-1.31) 0.95 

ptrend   0.49   0.86   

Trichloroethylene       
≤3km       

REF=ZERO 905  459   
T1 25 0.95 (0.64-1.42) 11 0.82 (0.45-1.50)  
T2 31 1.15 (0.80-1.66) 14 1.06 (0.62-1.81)  
T3 26 0.97 (0.66-1.45) 12 0.93 (0.52-1.66) 0.71 

ptrend  0.96   0.83  
≤5km       

REF=ZERO 798  392   
T1 63 1.07 (0.82-1.39) 40 1.37 (0.98-1.91)  
T2 63 1.09 (0.84-1.42) 35 1.28 (0.89-1.83)  
T3 63 1.02 (0.78-1.34) 29 1.03 (0.70-1.53) 0.41 

ptrend  0.90   1.00  
≤10km       

REF=ZERO 583  278   
T1 140 1.03 (0.85-1.24) 75 1.14 (0.88-1.48)  
T2 124 0.97 (0.79-1.18) 74 1.26 (0.96-1.65)  
T3 140 1.04 (0.85-1.28) 69 1.17 (0.88-1.57) 0.21 

ptrend   0.67   0.48   
*We did not show results for participants with 'unknown' (n=207) and 'other' (n=4) subtypes and participants with subtypes where the total n was under 100 

cases: endometroid (n=91), clear cell, (n=39),mucinous, (n=59), and non-epithelial (n=89). 

Metals are reported as metallic metal and metal compounds together 

Abbreviations: AEI: average emissions index 

a: Model is adjusted for age, state, smoking status and intensity, cohort, Yost, tertile, and race and ethnicity; estimates are not presented for chemicals at distances 

with <10 cases exposed per category 

b: Model is additionally adjusted for benzene at 10km 

c: Model is additionally adjusted for 1-3-butadiene emissions at 5km and10km  
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Figure 3-1. Directed acyclic graph for the relationship between industrial air pollution and endometrial cancer  
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Figure 3-2. Directed acyclic graph for the relationship between industrial air pollution and ovarian cancer  
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Figure 3-3. Spearman rank correlation coefficients between AEIs for Group 1 agents within 1km among women included 

in the endometrial cancer analysis (n=136,070)  

Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-4. Spearman rank correlation coefficients between AEIs for Group 1 agents within 2km among women included 

in the endometrial cancer analysis (n=136,070)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-5. Spearman rank correlation coefficients between Group 1 agents within 3km among women included in the 

endometrial cancer analysis (n=136,070)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-6. Spearman rank correlation coefficients between AEIs for Group 1 agents within 5km among women included 

in the endometrial cancer analysis (n=136,070)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3- 7. Spearman rank correlation coefficients between AEIs for Group 1 agents within 10km among women 

included in the endometrial cancer analysis (n=136,070)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-8. Spearman rank correlation coefficients between AEIs for Group 1 agents within 1km among women included 

in the ovarian cancer analysis (n=167,617)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-9. Spearman rank correlation coefficients between Group 1 agents within 2km among women included in the 

ovarian cancer analysis (n=167,617)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-10. Spearman rank correlation coefficients between Group 1 agents within 3km among women included in the 

ovarian cancer analysis (n=167,617)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-11. Spearman rank correlation coefficients between Group 1 agents within 5km among women included in the 

ovarian cancer analysis (n=167,617) 
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 
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Figure 3-12. Spearman rank correlation coefficients between Group 1 agents within 10km among women included in the 

ovarian cancer analysis (n=167,617)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 



156 
 

 

 

Figure 3-13. Spearman rank correlation coefficientsa  (ρ) between Group 1 carcinogens and PM10 concentrations  (1988–

1995) in the pooled cohort included in the analysis of endometrial cancer  (n=133,580)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 

a. Spearman correlation between the chemical specific AEIs and PM10 among all participants in the endometrial cancer analytic subset; N=2,490 participants 

missing PM10 estimates and were excluded from this analysis. 
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Figure 3-14. Spearman rank correlation coefficientsa (ρs) between AEIs for Group 1 carcinogens and residential outdoor 

NO2 concentrations (1988–1995) among women included in the analysis of endometrial cancer (N=133,580)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 

a. Spearman correlation between the chemical specific AEIs and NO2 among all participants in the endometrial cancer analytic subset; N=2,490 participants 

missing NO2 estimates and were excluded from this analysis. 



158 
 

 
Figure 3-15. Spearman rank correlation coefficientsa (ρ) between Group 1 carcinogens and PM10 concentrations  (1988-

1995) in the pooled cohort included in the ovarian cancer analysis (n=164,555)  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 

a. Spearman correlation between the chemical specific AEIs and PM10 among all participants in the ovarian cancer analytic subset; N=3,062 participants missing 

PM10 estimates and were excluded from this analysis. 
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Figure 3-16. Spearman rank correlation coefficientsa between Group 1 agents and NO2 concentrations in the pooled cohort 

included in the ovarian cancer analysis (n=164,555).  
Abbreviations: BCME: Bis (chloromethyl)ether; MOCA: 4,4'-Methylene-bis (2-chloroaniline); PCBs: Polychlorinated biphenyls 

a. Spearman correlation between the chemical specific AEIs and NO2 among all participants in the ovarian cancer analytic subset; N=3,062 participants missing 

NO2 estimates and were excluded from this analysis
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Chapter 5: Conclusions 

 

 

This dissertation investigated the associations between non-lifestyle 

environmental exposures and the risk of ovarian and endometrial cancers through a 

systematic review and meta-analysis, as well as two risk analyses conducted within large 

prospective cohorts. By synthesizing the current epidemiologic literature and conducting 

new analyses within a large, geographically diverse sample, we aimed to shed new light 

on potential environmental risk factors for these gynecologic cancers. This research 

focused on ubiquitous outdoor air pollutants including industrial emissions, and other 

potential environmental carcinogens, with particular attention to geographic differences 

in risk. We also evaluated whether environmental exposure to  carcinogens may distinctly 

influence risk of these cancers by histologic subtype, a question that remains 

underexplored in the literature. 

Our novel systematic review and meta-analysis provide a critical synthesis of 

existing epidemiologic evidence on non-lifestyle environmental exposures and ovarian 

and endometrial cancers. We identified several key gaps and patterns in the literature. 

Notably, studies have disproportionately focused on ovarian cancer and relied heavily on 

cohort designs. Most research has been conducted in Europe and North America, 

particularly in the United States. Although our meta-analyses were limited by the small 

number of eligible studies, we found that the association was robust and stronger among 

studies that incorporated adjustment for exposure to co-pollutants. We also noted a dearth 

of studies evaluating industrial emissions in the extant literature; an area the Aim 3 

analysis helps to address. Future research should prioritize expanding geographic 

representation beyond Europe and North America, increasing the number of studies 
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focused on endometrial cancer, and consider simultaneous exposures. Addressing these 

priorities will help improve the generalizability of findings and refine our understanding 

of pollutant-specific effects on gynecologic cancer risk. 

In Aim 2, in an analysis that represents to our knowledge the largest such 

investigation to-date, our findings suggest that long-term exposure to PM2.5 may be 

associated with endometrial cancer risk in select subgroups and geographic areas. These 

regional differences imply that PM2.5 chemical composition or other contextual factors 

may influence risk. Associations with NO2 were generally weaker for both cancers. We 

observed potential heterogeneity in associations by histologic subtype for both 

malignancies, although these findings require replication. This is an important area of 

research, given that different histologic subtypes may have distinct etiologies, prognoses, 

and survival rates. Future research should pay greater attention to pollutant composition 

and regional characteristics, as well as include racially and ethnically diverse populations 

to improve the equity and relevance of findings. 

Finally, the pooled cohort analysis in Aim 3 provides evidence of elevated risk of 

both ovarian and endometrial cancers among women living near industrial facilities 

emitting benzene. We also found limited evidence that associations with certain 

carcinogens, such as benzene, cadmium and asbestos, may vary by histologic subtype. 

Future studies should include a broader range of geographic areas, higher densities of 

industrial facilities, and more cancer cases to further clarify these relationships and 

determined the robustness of these observations.  

The findings from this dissertation contribute to a growing body of evidence 

suggesting that non-lifestyle environmental exposures may play a role in the etiology of 
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ovarian and endometrial cancers. By integrating multiple methodological approaches, 

including systematic review, meta-analysis, and original cohort analyses, this work newly 

elucidates the potential risks associated with exposure to ambient air pollution and 

industrial emissions, as well as critical gaps that remain in the existing literature on 

environmental exposures and these malignancies. The ubiquity of environmental 

exposures and the lack of knowledge of exogenous risk factors for both cancers highlight 

the public health importance of this work and motivate the need for additional research. 

Ultimately, this research provides a foundation for future epidemiologic studies to build 

upon and helps inform potential prevention strategies aimed at reducing gynecologic 

cancer risk through environmental intervention.  
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APPENDICES 

 

 

Table A-1. Baseline characteristics of NIH-AARP Diet and Health Study female participants included in the analyses of 

ovarian cancer, by historical outdoor PM2.5 levels at the residence (1990-1994) a, b 

Characteristics All 

participa

nts 

PM2.5 concentration (1980-1984; μg/m3) 

Q1: 3.5-13.3 Q2: 13.4-15.6 Q3: 15.7-17.7 Q4: 17.8-27.0 

Participants (N) 140,228 35,048 35,058 35,071 35,051 

NO2, ppb (mean ± SD)c 15.9 ± 9.1 8.8 ± 3.7 12.8 ± 5.4 16.7 ± 6.21 25.3 ± 10.2 

Age (mean ± SD) 61.7 ± 5.4 62.1 ± 5.4 61.6 ± 5.5 61.6 ± 5.4 61.7 ± 5.4 

Age groups (%) 

    50-54 years 15.2 13.9 15.7 15.8 15.3 

    55-59 years 23.4 21.9 24.0 23.9 23.9 

    60-64 years 27.7 28.1 27.4 27.8 27.7 

    65-69 years 30.3 32.5 29.5 29.4 29.8 

    ≥ 70 years 3.4 3.7 3.4 3.2 3.3 

Race and ethnicity (%) 

    Non-Hispanic White 89.7 93.6 92.1 90.6 82.7 

    Non-Hispanic Black 5.3 2.1 3.2 5.5 10.4 

    Hispanic  1.9 2.2 1.6 1.2 2.7 

    Asian, PI, or AI/AK     1.7 0.9 1.9 1.5 2.4 

    Unknown 1.4 1.2 1.2 1.3 1.8 

Education level (%) 

    Less Than 8 years of 

Education 5.8 5.9 5.5 5.7 6.0 

    8-11 Years of Education 25.0 24.6 24.2 26.1 25.2 

   12 years of Education 10.4 11.4 10.6 10.0 9.4 

    Post-High School Training  24.5 26.2 24.2 22.7 24.9 

    Some College 31.3 28.8 32.6 32.8 31.2 

    College graduate 3.0 3.2 2.9 2.8 3.2 

BMI (mean ± SD) 26.7 ± 5.7 26.4 ± 5.4 26.6 ± 5.6 26.8 ± 5.7 27.1 ± 5.9 



178 
 

BMI category (%) d 

    Underweight and normal 42.3 44.1 42.9 42.1 40.0 

    Overweight  32.0 32.4 31.9 32.0 31.7 

    Obese 22.4 20.2 21.9 22.6 24.8 

    Unknown 3.4 3.3 3.3 3.3 3.6 

Postmenopausal status (%)      

      Premenopausal 4.9 4.4 5.2 5.0 5.0 

      Postmenopausal 94.7 95.2 94.5 94.6 94.6 

      Unknown 0.4 0.4 0.4 0.4 0.5 

Smoking status (%) 

    Never smoker 44.6 41.7 45.5 46.0 45.3 

    Former smoker 36.4 38.3 36.6 35.5 35.2 

    Current smoker 16.1 17.2 14.9 15.6 16.6 

    Unknown 2.9 2.9 2.9 2.9 3.0 

State of residence (%) 

    California 32.4 25.5 32.3 23.4 48.4 

    Florida 20.2 62.1 17.0 1.6 0.0 

    Atlanta, Georgia 2.8 0.0 0.2 3.1 7.7 

    Louisiana 3.4 2.3 6.4 4.8 0.0 

    Detroit, Michigan 5.2 0.4 3.5 9.2 7.8 

    North Carolina 8.2 3.7 11.5 14.6 2.9 

    New Jersey 13.0 4.4 20.9 21.0 5.7 

    Pennsylvania 14.9 1.7 8.2 22.1 27.5 

Neighborhood Socioeconomic Deprivation Index Quintiles e 

    Quintile 1 (least deprived)    - 10.5 25.6 26.4 17.4 

    Quintile 2    - 19.0 21.6 22.5 17.0 

    Quintile 3    - 24.8 18.9 18.6 17.7 

    Quintile 4    - 26.8 18.1 17.0 18.1 

    Quintile 5: (most deprived)    - 18.9 15.8 15.5 29.8 
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a: Percentages may not add up to 100% due to rounding. 

b: Abbreviations: PM: particulate matter; SD: standard deviation; BMI: body mass index. 

c: Based on mean of annual values 1990 - 1994. 

d: 4,713 women had missing BMI data in the ovarian cancer analysis group  

e: Underweight and normal: BMI <25.0 kg/m2; overweight: 25.0-29.9 kg/m2; obese: ≥ 30.0 kg/m2.   
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Table A-2. Baseline characteristics of NIH-AARP Diet and Health Study population included in the analyses of 

endometrial cancer, by historical ambient NO2 levels at the residence (1990-1994) a, b 

Characteristics All 

participant

s 

NO2 concentration (1990-1994; ppb) 

Q1: 0.8-9.5 Q2: 9.6-14.3 Q3: 14.4-20.3 Q4: 20.4-86.6 

Participants (N) 116,380 29,095 29,095 29,095 29,095 

PM2.5, µg/m3 (mean ± SD) c 15.7 ± 3.2 15.4 ± 2.5 17.5 ± 2.6 19.8 ± 2.4 22.4 ± 2.8 

Age (mean ± SD) 61.7 ± 5.5 61.9 ± 5.4 61.6 ± 5.5 61.6 ± 5.5 61.5 ± 5.5 

Age groups (%) 

    50-54 years 15.8 14.5 16.6 16.1 16.3 

    55-59 years 23.3 22.6 22.7 23.3 24.6 

    60-64 years 27.2 27.4 27.2 27.0 27.0 

    65-69 years 30.3 31.9 30.1 30.3 29.0 

    ≥ 70 years 3.4 3.6 3.4 3.4 3.2 

Race and ethnicity (%) 

    Non-Hispanic White 90.3 94.7 93.6 90.0 83.1 

    Non-Hispanic Black 4.7 2.6 2.8 4.9 8.7 

    Hispanic  1.9 0.9 1.5 2.0 3.0 

    Asian, PI, or AI/AK    

Native 1.8 0.9 1.1 1.7 3.5 

    Unknown 1.3 1.0 1.0 1.4 1.7 

Education level (%) 

    Less Than 8 years of 

Education 5.5 6.56 4.87 4.99 5.45 

    8-11 Years of Education 24.7 25.98 24.39 25.18 23.18 

12 years of Education 10.0 11.31 10.51 9.66 8.54 

    Post-High School Training  24.0 23.17 23.78 23.13 25.96 

    Some College 33.0 30.07 33.73 34.45 33.73 

    College graduate 2.8 2.9 2.72 2.6 3.13 

BMI (mean ± SD) 26.7 ± 5.7 26.5 ± 5.5 26.4 ± 5.6 26.7± 5.7 27.0 ± 5.9 

BMI category (%) d 

    Underweight and normal 43.3 43.5 44.9 43.3 41.5 

    Overweight  31.5 32.3 31.5 31.4 31.0 
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    Obese 21.8 21.0 20.4 22.2 23.6 

    Unknown 3.4 3.3 3.3 3.2 3.9 

Postmenopausal status (%)      

      Premenopausal 6.2 5.8 6.6 6.2 6.2 

      Postmenopausal 93.3 93.8 92.9 93.3 93.2 

      Unknown 0.5 0.4 0.5 0.4 0.6 

Smoking status (%) 

    Never smoker 43.8 44.5 43.1 43.9 43.6 

    Former smoker 36.8 36.1 37.5 36.9 36.6 

    Current smoker 16.5 16.6 16.6 16.3 16.7 

    Unknown 2.9 2.9 2.9 2.9 3.1 

State of residence (%) 

    California 31.8 16.5 17.5 30.4 62.7 

    Florida 20.0 40.0 31.7 8.1 0.3 

    Atlanta, Georgia 2.6 1.5 4.6 3.5 0.8 

    Louisiana 2.7 5.9 2.4 2.2 0.3 

    Detroit, Michigan 5.3 3.0 6.5 8.5 3.2 

    North Carolina 7.5 18.5 7.3 3.5 0.5 

    New Jersey 14.6 6.3 14.9 18.8 18.4 

    Pennsylvania 15.5 8.3 15.2 24.9 13.7 

Neighborhood Socioeconomic 

Deprivation Index Quintiles 

    Quintile 1 (least deprived)    - 10.9 23.0 24.6 18.9 

    Quintile 2    - 15.8 22.0 21.6 19.9 

    Quintile 3    - 27.9 18.8 17.1 16.1 

    Quintile 4    - 21.2 20.6 18.6 17.9 

    Quintile 5: (most deprived)    - 24.2 15.7 18.2 27.2 

a: Percentages may not add up to 100% due to rounding. 

b: Abbreviations: NO: nitrogen dioxide; SD: standard deviation; BMI: body mass index; ppb: parts per billion 

c: Based on mean of annual values during 1980-1984. 

d: Underweight and normal: BMI <25.0 kg/m2; overweight: 25.0-29.9 kg/m2; obese: ≥ 30.0 kg/m2.  
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Table A-3. Baseline characteristics of NIH-AARP Diet and Health Study population included in the analyses of ovarian cancer, by historical 

ambient NO2 levels at the residence (1990-1994)  a, b 

Characteristics All 

participant

s 

NO2 concentration (1990-1994; ppb) 

Q1: 0.9-9.4 Q2: 9.5-14.2 Q3: 14.3-20.2 Q4: 20.3-86.6 

Participants (N) 140,228 35,063 35,051 35,057 35,057 

PM2.5, µg/m3 (mean ± SD) c 18.8 ± 3.7 15.4 ± 2.6 17.5 ± 2.6 19.7 ± 2.4 22.4 ± 2.8 

Age (mean ± SD) 61.7 ± 5.4 61.9 ± 5.4 61.7 ± 5.5 61.7 ± 5.5 61.6 ± 5.4 

Age groups (%) 

    50-54 years 15.2 14.0 15.8 15.4 15.4 

    55-59 years 23.4 23.0 23.0 23.3 24.5 

    60-64 years 27.7 28.1 27.7 27.5 27.6 

    65-69 years 30.3 31.4 30.1 30.4 29.3 

    ≥ 70 years 3.4 3.6 3.4 3.4 3.2 

Race and ethnicity (%) 

    Non-Hispanic White 89.7 94.4 93.1 89.2 82.3 

    Non-Hispanic Black 5.3 2.8 3.1 5.7 9.6 

    Hispanic  1.9 0.9 1.6 2.0 3.2 

    Asian, PI, or AI/AK Native 1.7 0.8 1.1 1.6 3.1 

    Unknown 1.4 1.1 1.1 1.5 1.9 

Education level (%) 

    Less Than 8 years of 

Education 5.8 7.0 5.2 5.3 5.7 

    8-11 Years of Education 25.0 26.6 24.8 25.4 23.3 

    12 years of Education 10.4 11.8 10.9 10.0 8.8 

    Post-High School Training  24.5 23.4 24.1 23.9 26.6 

    Some College 31.3 28.3 32.0 32.7 32.3 

    College graduate 3.0 3.1 2.9 2.8 3.3 

BMI (mean ± SD) 26.7 ± 5.7 25.6 ± 5.5 26.5 ± 5.5 26.8 ± 5.7 27.1 ± 5.9 

BMI category (%) d 

    Underweight and normal 42.3 42.3 43.9 42.2 40.5 

    Overweight  32.0 32.9 32.1 31.7 31.3 
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    Obese 22.4 21.6 20.8 22.8 24.4 

    Unknown 3.4 3.2 3.2 3.2 3.8 

Postmenopausal status (%) 

      Premenopausal 4.9 4.4 5.2 5.0 5.0 

      Postmenopausal 94.7 95.3 94.4 94.7 94.6 

      Unknown 0.4 0.4 0.4 0.4 0.5 
 

Smoking status (%) 

    Never smoker 44.6 45.7 44.0 44.6 44.1 

    Former smoker 36.4 35.4 37.0 36.6 36.5 

    Current smoker 16.1 16.0 16.2 16.0 16.2 

    Unknown 2.9 2.8 2.9 2.9 3.2 

State of residence (%) 

    California 32.4 16.7 17.6 31.0 64.4 

    Florida 20.2 39.2 32.5 8.7 0.3 

    Georgia 2.8 1.5 4.9 3.8 0.9 

    Louisiana 3.4 6.9 3.2 3.0 0.4 

    Michigan 5.2 2.8 6.1 8.5 3.4 

    North Carolina 8.2 19.9 8.3 4.0 0.6 

    New Jersey 13.0 5.5 13.0 17.0 16.6 

    Pennsylvania 14.9 7.5 14.6 23.9 13.4 

Neighborhood Socioeconomic Deprivation Index Quintiles d  

    Q1 (least deprived)    - 11.0 23.6 25.6 19.8 

    Q2    - 16.0 21.7 21.7 20.6 

    Q3    - 22.5 21.6 18.2 17.8 

    Q4    - 28.8 18.3 17.0 15.9 

    Q5: (most deprived)    - 21.8 14.8 17.5 26.0 

a: Percentages may not add up to 100% due to rounding. 

b: Abbreviations: NO: nitrogen dioxide; SD: standard deviation; BMI: body mass index; ppb: parts per billion 

c: Based on mean of annual values during 1980-1984. 

d: Underweight and normal: BMI <25.0 kg/m2; overweight: 25.0-29.9 kg/m2; obese: ≥ 30.0 kg/m2.  
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Table A-4. Associations between long-term residential PM2.5 and NO2 concentrations and risk of endometrial and ovarian 

cancers in the NIH-AARP cohort – lagged analysis a 

Endometrial Cancer Ovarian Cancer 

 PM2.5 Cases HR (95% CI)   Cases HR (95% CI)  Cases HR (95% CI)  Cases 

HR (95% 

CI)  

  Model 1 b   Model 2 d 
  Model 1 b   Model 2 d 

Per 5 

μg/m3 3,088 

1.00 (0.94-

1.07) 

Per 5 

μg/m3 3,088 

0.98 (0.89-

1.09) 

Per 5 

μg/m3 1,582 

0.96 (0.88-

1.05) 

Per 5 

μg/m3 1,582 

0.92 (0.80-

1.06) 

    Q1 739 1.00 (referent)     Q1 738 1.00 (referent)     Q1 406 1.00 (referent)     Q1 412 

1.00 

(referent) 

    Q2 751 

0.91 (0.81-

1.02)     Q2 729 

0.89 (0.78-

1.01)     Q2 382 

0.92 (0.79-

1.08)     Q2 391 0.90 (0.76-1.07) 

    Q3 771 

0.93 (0.82-

1.06)     Q3 803 

0.99 (0.86-

1.16)     Q3 402 

0.98 (0.83-

1.17)     Q3 386 

0.89 (0.73-

1.10) 

    Q4 827 

0.99 (0.87-

1.12)     Q4 818 

1.01 (0.85-

1.19)     Q4 392 

0.93 (0.78-

1.10)     Q4 393 

0.87 (0.69-

1.09) 

p for trend  0.90  0.90   0.56   0.3 

             

NO2 Cases HR (95% CI)   Cases HR (95% CI)   Cases HR (95% CI)  Cases 

HR (95% 

CI)  

  Model 1 c   Model 2 e   Model 1 c   Model 2 e 

Per 5 ppb 3,088 

1.01 (0.98-

1.04) Per 5 ppb 3,088 

1.01 (0.97-

1.06) Per 5 ppb 1,582 

0.99 (0.95-

1.03) Per 5 ppb 1,582 

1.01 (0.95-

1.08) 

    Q1 751 1.00 (referent)     Q1 751 1.00 (referent)     Q1 409 1.00 (referent)     Q1 409 

1.00 

(referent) 

    Q2 730 

0.96 (0.87-

1.07)     Q2 730 

0.97 (0.87-

1.08)     Q2 371 

0.92 (0.79-

1.05)     Q2 371 

0.94 (0.81-

1.10) 

    Q3 786 

0.98 (0.88-

1.09)     Q3 786 

0.98 (0.86-

1.11)     Q3 412 

1.00 (0.86-

1.16)     Q3 412 

1.05 (0.89-

1.25) 

    Q4 821 

0.99 (0.88-

1.11)     Q4 821 

0.96 (0.82-

1.11)     Q4 390 

0.94 (0.80-

1.11)     Q4 390 

1.02 (0.82-

1.25) 

p for trend  0.90  0.81   0.65   0.84 

a: Abbreviations: PM: particulate matter; NO2: nitrogen dioxide; HR: hazard ratio; CI: confidence interval, μg/m3: micrograms per cubic meter; 

ppb: parts per billion. 
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b: PM2.5 5-year average lagged 10 years; adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic 

deprivation index, body mass index (endometrial cancer only), and state of residence.  

c: NO2 5-year average lagged 5 years; adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation 

index, body mass index (endometrial cancer only), and state of residence. 

d: PM2.5 5-year average lagged 5 years mutually adjusted for Model 1 covariates and 5-year average 5 year lagged NO2 

e: NO2 5-year average lagged 5 years mutually adjusted for Model 1 covariates and 5-year average 5 year lagged PM2.5 
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Table A-5. Cross-classified (common referent) associations between tertiles of long term PM 2.5 (µg/m3) and NO2 (ppb) 

concentrations and risk of endometrial and ovarian cancers in the NIH-AARP cohort  a,b,c 

 

ENDOMETRIAL CANCER HR (95% CI) a,b (n=116,380) 
 

NO2 Tertiles c 
 

T1: 0.9 – 11.0 T2: 11.1 – 18.0 T3: 18.1 – 86.6 

PM2.5 Tertiles c Cases (n) HR (95%CI) Cases (n) HR (95%CI) Cases (n) HR (95%CI) 

T1: 3.5 – 14.1 669 1.00 (referent) 258 0.95 (0.82-1.09) 16 0.56 (0.33-0.95) 

T2: 14.2 – 17.0 285 0.88 (0.75-1.03) 462 0.90 (0.78-1.02) 298 0.91 (0.78-1.06) 

T3: 17.1 – 27.0  22 0.93 (0.65-1.32) 297 0.97 (0.83-1.14) 771 1.00 (0.88-1.13) 

 

OVARIAN CANCER HR (95% CI) a,b (n=140,228) 
 

NO2 Tertiles c 
 

T1: 0.9 – 10.9 T2: 10.10 – 17.9 T3: 18.0 – 86.6 

PM2.5 Tertiles c Cases (n) HR (95%CI) Cases (n) HR (95%CI) Cases (n) HR (95%CI) 

T1: 3.5 – 14.1 345 1.00 (referent) 159 1.04 (0.86-1.26) 7 0.50 (0.24-1.06) 

T2: 14.2 – 17.0 158 1.05 (0.85-1.30) 222 0.96 (0.80-1.16) 167 1.03 (0.84-1.27) 

T3: 17.1 – 27.0  16 0.83 (0.49-1.41) 146 0.95 (0.75-1.20) 362 1.02 (0.86-1.22) 

a: Abbreviations: PM: particulate matter; NO: nitrogen dioxide; HR: hazard ratio; CI: confidence interval 

b: Adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation index, body mass 

index (endometrial analyses only), and state of residence. 

c: PM2.5 is measured in micrograms per cubic meter; NO2 is measured in parts per billion 
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Table A- 6. Associations between fixed long-term residential PM2.5 and NO2 concentrations (1980-1984; 1985-1989; 

1990-1994; 1999-2002) and risk of endometrial and ovarian cancers in the NIH-AARP a 

1980-1984 

Endometrial Cancer Ovarian Cancer 

 PM2.5 Cases HR (95% CI)   Cases HR (95% CI)   

   Model 1b 
   Model 1b   

Per 5 μg/m3 3,088 1.01  (0.95-1.07)  Per 5 μg/m3 1,582 0.97  (0.90-1.05)   

    Q1 731 1.00  (referent)      Q1 402 1.00  (referent)   

    Q2 751 0.92 (0.82-1.02)      Q2 390 0.94 (0.81-1.09)   

    Q3 770 0.92 (0.82-1.04)      Q3 400 0.96 (0.82-1.14)   

    Q4 836 1.00 (0.89-1.13)      Q4 390 0.94 (0.79-1.11)   

p for trend   0.76    0.56   

1984-1989 

Endometrial Cancer Ovarian Cancer 

 PM2.5 Cases HR  (95% CI)   Cases HR  (95% CI)   

   Model 1b 
   Model 1b   

Per 5 μg/m3 3,088 1.01  (0.95-1.07)  Per 5 μg/m3 1,582 0.97  (0.89-1.05)   

    Q1 732 1.00  (referent)      Q1 396 1.00  (referent)   

    Q2 750 0.90  (0.80-1.01)      Q2 390 0.95 (0.82-1.11)   

    Q3 779 0.92  (0.82-1.04)      Q3 396 0.98 (0.82-1.15)   

    Q4 827 0.98  (0.86-1.11)      Q4 400 0.98 (0.83-1.17)   

p for trend  0.99    0.94   

1990-1994 

Endometrial Cancer Ovarian Cancer 

 PM2.5 Cases HR  (95% CI) HR  (95% CI)  Cases HR  (95% CI) HR  (95% CI) 

   Model 1b Model 2c 
  Model 1b Model 2c 

Per 5 μg/m3 3,088 1.01  (0.94-1.08) 0.99  (0.89-1.09) Per 5 μg/m3 1,582 0.96  (0.88-1.05) 0.97  (0.84-1.11) 

    Q1 733 1.00  (referent) 1.00  (referent)     Q1 395 1.00  (referent) 1.00  (referent) 

    Q2 751 0.89  (0.79-1.00) 0.88 (0.78-0.99)     Q2 396 0.96 (0.82-1.13) 0.98 (0.83-1.16) 
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    Q3 766 0.89  (0.79-1.00) 0.87 (0.75-1.02)     Q3 389 0.95 (0.80-1.14) 0.98 (0.80-1.21) 

    Q4 838 0.98  (0.86-1.11) 0.95 (0.81-1.13)     Q4 402 0.97 (0.82-1.16) 1.00 (0.79-1.26) 

p for trend  0.94 0.82   0.80 0.95 

NO2 Cases HR  (95% CI) HR  (95% CI)  Cases HR  (95% CI) HR  (95% CI) 

   Model 1b Model 2c   Model 1b Model 2c 

Per 5 ppb 3,088 1.01  (0.98-1.03) 1.01  (0.98-1.03) Per 5 ppb 1,582 0.99  (0.96-1.02) 1.00  (0.95-1.05) 

    Q1 733 1.00  (referent) 1.00  (referent)     Q1 407 1.00  (referent) 1.00  (referent) 

    Q2 739 0.98  (0.89-1.09) 1.01 (0.91-1.13)     Q2 371 0.91 (0.79-1.05) 0.91 (0.78-1.06) 

    Q3 786 0.99  (0.89-1.11) 1.02 (0.90-1.16)     Q3 405 0.97 (0.83-1.13) 0.97 (0.82-1.16) 

    Q4 830 1.02  (0.91-1.14) 1.04 (0.89-1.22)     Q4 399 0.94 (0.80-1.11) 0.94 (0.75-1.17) 

p for trend  0.70 0.64   0.66 0.71 
a: Abbreviations: PM: particulate matter; NO: nitrogen dioxide; HR: hazard ratio; CI: confidence interval 

b: Adjusted for age, race and ethnicity, smoking status and intensity, neighborhood socioeconomic deprivation index, body mass index 

(endometrial analyses only), and state of residence. 

c: PM2.5 is measured in micrograms per cubic meter; NO2 is measured in parts per billion 

 

 

 

 

 

 

 

 

 

 

 

 


