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Abstract

Objective: To examine whether exposure to ambient ozone, particulate matter with diameter 

less than 2.5 microns (PM2.5), nitrogen dioxide (NO2), and distance to major roadways (DTR) 

impact ovarian cancer-specific survival, while considering differences by stage, race/ethnicity, and 

socioeconomic status.

Methods: Women diagnosed with epithelial ovarian cancer from 1996-2014 were identified 

through the California Cancer Registry and followed through 2016. Women’s geocoded addresses 

were linked to pollutant exposure data and averaged over the follow-up period. Pollutants 

were considered independently and in multi-pollutant models. Cox proportional hazards models 

assessed hazards of disease-specific death due to environmental exposures, controlling for 

important covariates, with additional models stratified by stage at diagnosis, race/ethnicity and 

socioeconomic status.

Results: PM2.5 and NO2, but not ozone or DTR, were significantly associated with survival 

in univariate models. In a multi-pollutant model for PM2.5, ozone, and DTR, an interquartile 

range increase in PM2.5 (Hazard Ratio [HR], 1.45; 95% Confidence Interval [CI], 1.41-1.49) was 

associated with worse prognosis. Similarly, in the multi-pollutant model with NO2, ozone, and 

DTR, women with higher NO2 exposures (HR for 20.0-30.0 ppb, 1.30; 95% CI, 1.25-1.36 and 

HR for >30.0 ppb, 2.48; 95% CI, 2.32-2.66) had greater mortality compared to the lowest exposed 

(<20.0 ppb). Stratified results show the effects of the pollutants differed by race/ethnicity and were 

magnified among women diagnosed in early stages.

CORRESPONDING AUTHOR INFORMATION: Carolina Villanueva, Address: 100 Theory, Suite 100, Irvine, CA 92617, Phone 
Number: (914) 329-6591, hcvillan@uci.edu.
Author Contributions: VV and RB were responsible for the study’s concept and design. VV provided mentorship and supervision. 
The data’s acquisition and assembly were done by JC and AZ. JC and AZ provided technical input to the analyses. CV conducted 
the statistical analysis and CV and VV drafted the manuscript. All authors helped with interpretation of results and revisions of the 
manuscript. All authors have read and approved the final manuscript and it is not being considered elsewhere. All authors accept full 
responsibility for the manuscript’s content and we declare no conflict of interest.

Conflict of interest statement: The authors declare no potential conflicts of interest.

HHS Public Access
Author manuscript
Gynecol Oncol. Author manuscript; available in PMC 2022 October 01.

Published in final edited form as:
Gynecol Oncol. 2021 October ; 163(1): 155–161. doi:10.1016/j.ygyno.2021.07.036.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusions: Our analyses suggest that greater exposure to NO2 and PM2.5 may adversely 

impact ovarian cancer-specific survival, independent of sociodemographic and treatment factors. 

These findings warrant further study.

Keywords

Ovarian cancer; survival; air pollution; disparities; environmental risks

Introduction:

Ovarian cancer has the highest mortality of all gynecologic cancers.[1] Survival rates 

differ by sociodemographic variables, disproportionately impacting non-Hispanic black 

women[2-7] and women of lower socioeconomic status (SES), despite receiving equal 

treatment.[2,8] Recently, geographic location was identified as an independent predictor of 

ovarian cancer mortality.[8,9] Geographic variations in ovarian cancer outcomes and the 

unexplained differences observed by race/ethnicity and SES warrant further investigation 

into the potential role of the environment in ovarian cancer survival.

Ambient air pollution is considered a carcinogen by the International Agency for Research 

on Cancer[10] and is increasingly associated with cancer outcomes.[11-16] Carcinogenic 

properties of pollutants such as particulate matter (PM) may induce oxidative stress, 

create chronic inflammation, and damage DNA.[17,18] Studies suggest that exposure 

to higher levels of air pollution may also independently shorten survival after a 

cancer diagnosis.[9,19-22] Responsiveness to treatment may be affected by the sustained 

inflammatory environment,[23] with persistently enhanced oxidative stress being associated 

with chemoresistance in epithelial ovarian cancer cells.[24]

Limited evidence suggests that spatially-varying environmental exposures may contribute to 

ovarian cancer mortality. Researchers in Taiwan found that greater exposure to particulate 

matter with diameter less than 2.5 microns (PM2.5) was significantly associated with ovarian 

cancer mortality among the general population.[25] Census tract-level ozone and PM2.5 

were correlated with worse outcomes among women diagnosed with late-staged ovarian 

cancer in California.[9] Our objective was to determine the impact of average residential 

exposure to ambient ozone, PM2.5, nitrogen dioxide (NO2), and distance to closest major 

roadway (DTR) on disease-specific ovarian cancer survival among California women of all 

stages, while considering differences by stage, race/ethnicity and SES.

Methods:

We used a retrospective population-based study design to determine whether air pollution is 

associated with ovarian cancer-specific survival. ovarian cancer cases were obtained through 

the California Cancer Registry (CCR) for women with newly diagnosed invasive epithelial 

ovarian cancer between 1996 and 2014, with follow-up through 2016. The CCR is known 

to have almost complete case reporting (approximately 99%) and follow-up data nearly as 

high (95%).[26,27] CCR data was linked to patient discharge data from California's Office 

of Statewide Health Planning and Development (OSHPD). To be eligible for the study, 

women had to be 18 years or older at diagnosis. Women were then excluded if their case 
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was obtained through death record (n=309), had unknown stage (n=5,690), or had a germ 

cell or stromal tumor classification (n=268). A total of 29,844 women had complete data on 

survival time, other clinical information, and residential address. This study was approved 

by the Institutional Review Board of the University of California, Irvine (UCI 14-66/HS# 

2014-1476).

Exposure Assessment

Air pollution data was extracted from California Air Resources Board’s online database, 

Air Quality and Meteorological Information System (AQMIS).[28] Ambient ozone levels, 

measured in parts per billion (ppb), nitrogen dioxide (ppb), and concentrations of PM2.5 

(μg/m3) were retrieved from all operating monitoring sites throughout the study period 

(1996-2016). We obtained daily maximum 8-hour values for ozone concentrations and daily 

means for PM2.5 and NO2. These daily values were then averaged by month for each 

monitoring site. Ozone and NO2 values were available for the entire study period while 

PM2.5 was only available beginning 1999. Analyses with PM2.5 were conducted using a 

subset of 25,976 women who were diagnosed on or after January 1, 1999.

For all three pollutants, monthly state-wide prediction surfaces at approximately 4 x 4 

km spatial resolution were created using ordinary kriging in a Geographic Information 

System (ArcGIS version 10.7.1, ESRI; Redlands, CA) for every month of the study period. 

Exposure was assigned to women by spatially joining their geocoded residential location 

at time of diagnosis to the exposure data. The linked monthly exposure was averaged over 

the women’s survival period, starting from the date of diagnosis to the date of death or last 

follow-up.

As a measure of local traffic, we included DTR as the distance from women’s geocoded 

residential address to the closest primary or secondary road using the United States 

Census Bureau’s TIGER/line file® (Topographically Integrated Geographic Encoding and 

Referencing System) in GIS. Three women were excluded from primary analyses because of 

residence on Catalina Island, which requires travel by ferry to reach mainland CA.

Covariates

Several important covariates were included in the adjusted models. We adjusted for year 

of diagnosis, modeled continuously. Race/ethnicity was categorized as non-Hispanic white, 

non-Hispanic black, Hispanic, Asian/Pacific Islander, and other/unknown. We controlled for 

insurance (managed care, Medicare, Medicaid, other insurance, not insured, and unknown 

insurance status) and marital status. SES was grouped into quintiles based on either the Yost 

Score[29] if diagnosed before 2006 and the Yang index[30] for those diagnosed after. The 

Yost score is a community-level measure using census block group-level variables[29] and 

the Yang index is a comparable measure but uses block group variables from the American 

Community Survey, which is administered more frequently.[30]

We also controlled for the following known determinants of survival: age at diagnosis 

(modeled continuously); stage at diagnosis (International Federation of Gynecology and 

Obstetrics- Stages I-IV); tumor histology, grade, and size; comorbidity status; and 

treatment received. Comorbidity status (no comorbidities, one comorbidity, two or more 
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comorbidities, and comorbidity status unknown) was assigned using the Deyo-adapted 

Charlson Comorbidity Score.[31] We included a binary variable indicating whether 

women received guideline-adherent care, defined using the National Comprehensive Cancer 

Network treatment guidelines and previously validated as being significantly associated with 

ovarian cancer-specific survival.[32] NCCN specifies stage-specific guidance for surgery 

and chemotherapy, both of which must be adhered to for women to be considered having 

received guideline-adherent care.

Statistical Analyses

Descriptive statistics were run to determine any differences in covariates and exposures by 

stage at diagnosis, race/ethnicity, and SES. We used chi-square tests for categorical variables 

and analysis of variances for continuous variables. We calculated unadjusted and adjusted 

hazard ratios (HRs) and 95% confidence intervals (CI) between each pollutant and ovarian 

cancer-specific survival using Cox Proportional Hazard models. These relationships were 

explored linearly and using penalized cubic splines. Based on the spline model for NO2, 

exposure was categorized as: <20.0 ppb, 20.0-30.0 ppb, and >30.0 ppb. Penalized cubic 

splines for ozone and PM2.5 were both approximately linear, therefore HRs for these two 

pollutants are reported for an interquartile range (IQR) increase in concentrations. DTR is 

modeled continuously with penalized cubic splines (Appendix 1).

Multi-pollutant models were additionally run for exposures not highly correlated (Appendix 

2). Ozone was not correlated with PM2.5 (Pearson’s R = −0.18) or NO2 (Pearson’s R= 

−0.17). PM2.5 and NO2 were highly correlated (Pearson’s R = 0.80) and were not adjusted 

for simultaneously in any models. Survival was the time in months from the date of 

diagnosis to the date of death due to ovarian cancer or date of last follow-up. We also 

stratified by stage at diagnosis [early stages (Stage I and Stage II), Stage III, and Stage IV], 

race/ethnicity, and SES. We performed sensitivity analyses stratified by residential proximity 

to monitoring sites. All statistical analyses were performed in R (R Software Version 3.4.4).

Results:

Patient characteristics by stage at diagnosis are presented in Table 1. Median survival among 

all women was 34.5 months, ranging from 73.7 months to 14.6 months for those with an 

early stage and stage IV diagnosis, respectively. The majority of women were non-Hispanic 

white (63.4%). Asian/Pacific Islanders (44.7%) made up the largest proportion of women 

diagnosed in early stages, while non-Hispanic black women (38.6%) were the most likely to 

be diagnosed in Stage IV. Among women of highest SES, 26.2% were diagnosed in stage 

IV compared to 33.6% of women in the lowest SES quintile. Among women using Medicare 

insurance, 38.5% had a stage IV diagnosis compared to only 25.9% of the managed care 

insured women.

Distribution of Exposures

Across the study population, the mean NO2, ozone, and PM2.5 exposures over women’s 

survival periods were 16.1 ppb, 40.4 ppb, and 12.18 μg/m3, respectively. The average DTR 

was 1,337 meters. Average exposures of NO2 and PM2.5 significantly differed by stage 
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at diagnosis, while there were no differences by stage for ozone and DTR. For NO2 and 

PM2.5, concentration levels increased with advancing stage. Table 2 shows the distribution of 

exposures overall and stage-stratified.

Significant differences were also observed in exposure levels by sociodemographic variables 

(Appendix 3). Hispanic women had the highest mean levels of PM2.5 exposure (12.85 

μg/m3) across survival time, followed by non-Hispanic black women (12.76 μg/m3), whereas 

women of other race had the lowest mean concentrations (10.95 μg/m3). In contrast, women 

of other race had mean ozone exposures of 41.1 ppb, the highest of all racial/ethnic groups. 

Within each race/ethnicity, the proportion of non-Hispanic black women (34.4%) in the 

highest quartile of NO2 exposure (> 19.6 ppb) was greater than that of other races. Similarly, 

non-Hispanic black women had the closest median distance to a major road.

Women of higher SES generally had lower levels of ambient exposure to PM2.5 and NO2 

than women of lower SES. Among those of highest SES, about one-fifth (20.1%) were 

within the highest quartile of PM2.5 exposure (> 13.91 μg/m3) compared to over a third 

(34.2%) of women in the lowest SES group. Similarly, there was an inverse relationship 

between women’s SES and the proportion living in the highest NO2 quartile. Women in 

the lowest SES quintile had a mean NO2 exposure of 17.4 ppb while women in the highest 

group had a mean of 15.9 ppb. Furthermore, as SES increased, so did distance from the 

nearest major roadway. There was no significant difference in the proportion of each SES 

group that lived in the highest exposure quartile of ozone (P= 0.470).

Air Pollution and Survival

In adjusted single-pollutant overall models (Table 3), higher PM2.5 and NO2 levels were 

significantly associated with worse prognosis. An interquartile range increase of PM2.5 

was associated with a 44% increase in hazards of survival (HR, 1.44; 95% CI, 1.40-1.47). 

Compared to women with overall NO2 levels <20.0 ppb, women who had average exposures 

between 20.0-30.0 ppb (HR, 1.30; 95% CI, 1.25-1.36) and those with exposures >30.0 ppb 

(HR, 2.48; 95% CI, 2.32-2.66) had greater mortality. Ozone had no independent influence 

on survival (IQR HR, 1.00; 95% CI, 0.98-1.02), and residential distance from primary and 

secondary roads was only associated with survival in the unadjusted model for distances less 

than 5 km (HR at median distance of 928 meters, 0.97; 95% CI, 0.96-0.98; Appendix 1).

In adjusted multi-pollutant models, NO2 and PM2.5 remained significant predictors of 

survival. Adding other pollutants to models with NO2 did not change this association (Table 

4). Likewise, greater average exposure to PM2.5 after an ovarian cancer diagnosis was 

associated with poorer survival in multi-pollutant models with DTR (PM2.5 IQR HR, 1.45; 

95% CI, 1.41-1.48), ozone (PM2.5 IQR HR, 1.44; 95% CI, 1.41-1.48), and adjusting for 

both (PM2.5 IQR HR, 1.45; 95% CI, 1.41-1.49) (Table 4). While ozone was not associated 

with survival in single-pollutant models, it became a significant determinant when added to 

models with PM2.5 (IQR HR, 1.03; 95% CI, 1.00-1.05). Similarly, DTR was significantly 

associated with survival in multi-pollutant models but not in the adjusted single-pollutant 

model (Appendix 4). Sensitivity analyses showed consistent patterns between the pollutants 

and survival regardless of stratification by distance to monitors (Appendix 5).
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Stage-stratified Results

The effects of the exposure variables on survival varied by stage, with pollutants having 

a greater influence for women in early stages (Table 5). For example, among the highest 

NO2 exposure category, the adjusted hazards of dying were more than 4 times greater for 

early-staged women (HR, 8.13; 95% CI, 6.56-10.09; n=214) compared to those with a 

stage IV diagnosis (HR, 1.86; 95% CI, 1.68-2.06; n=598). PM2.5 likewise had a greater 

influence on survival among women diagnosed in early stages (IQR HR, 2.01; 95% CI, 

1.84-2.19). While ozone’s effect on survival was largely insignificant, its impact was largest 

among women in early stages (IQR HR, 1.05; 95% CI, 0.99-1.12). The associations between 

DTR and survival by stage are displayed in Appendix 6. Results for select covariates in 

stage-stratified NO2 multi-pollutant analyses are presented in Appendix 7.

Race and SES-stratified Results

Several notable differences were observed in the impact of the air pollutants on survival 

by race/ethnicity and SES (Table 6). While overall, women with intermediate levels of 

average NO2 exposure (between 20.0-30.0 ppb) had increased hazards of dying, it was not 

a significant determinant among non-Hispanic black women (HR, 1.14; 95% CI, 0.95-1.37; 

n=342). Among women most exposed to NO2 (>30.0 ppb), hazard ratios were magnified 

among Hispanics (HR, 3.36; 95% CI, 2.84-3.97, n=332) and Asian/Pacific Islanders (HR, 

3.22; 95% CI, 2.54-4.08, n=144). Ozone, which was only associated with survival in the 

non-stratified multi-pollutant models with PM2.5, had a significant influence on survival 

among Asian/Pacific Islanders (IQR HR, 1.26; 95% CI, 1.10-1.45) in the NO2 model.

With few exceptions, results for multi-pollutant models adjusting for PM2.5 were similar 

to the overall model. Of particular note, non-Hispanic black women had attenuated hazard 

ratios in the multi-pollutant model with PM2.5 (IQR HR, 1.21; 95% CI, 1.07-1.37) compared 

to the overall model. DTR likewise did not impact survival in the respective model (median 

distance HR, 0.77; 95% CI, 0.38-1.55). Hazard ratios among women of other race were 

either larger (for PM2.5) or null (for NO2), however these estimates may be unreliable due to 

small sample sizes. Associations with survival in the SES-stratified models were similar to 

the overall results for the air pollutants including all data.

Other Determinants of Survival

As expected, sociodemographic factors were associated with survival and these associations 

were similar across exposure models (Appendix 8). In the multi-pollutant model of all 

stages combined including NO2, ozone, and DTR, non-Hispanic black women had 14% 

increased hazards of dying compared to non-Hispanic white women, while being of Asian/

Pacific Islander (HR, 0.94; 95% CI, 0.89-1.00) and Hispanic (HR, 0.91; 96% CI: 0.87-0.95) 

background was protective. Women from lower SES quintiles had significantly worse 

survival than those of higher SES. Hazards were 6%, 8%, 16%, and 13% higher for women 

of high-middle, middle, lower-middle, and lowest SES, respectively, compared to those of 

highest SES. The effect of insurance on survival varied by type. Women with Medicare 

insurance had decreased hazards of dying (HR, 0.95; 95% CI, 0.91-0.99) whereas having 

Medicaid or not being insured was associated with worse outcomes. Furthermore, being 

married was protective (HR, 0.91; 95% CI, 0.88-0.94).
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Discussion:

We sought to determine whether exposure to air pollution after an ovarian cancer diagnosis 

was associated with disease-specific survival. This analysis found evidence that greater 

levels of NO2 and PM2.5 during follow-up time adversely impact women’s survival and 

results were insensitive to the inclusion of additional pollutants. We also found that the 

impact of these pollutants was greater among women diagnosed in early stages and these 

findings were consistent among the various exposures examined. Overall, we did not find 

ozone and DTR to influence women’s outcomes, although they had marginal effects once 

accounting for other pollutants.

Air pollution has been linked with increased cancer risk and mortality,[13-15, 33-36] yet 

limited research has investigated the association between air pollution and ovarian cancer 

survival. In California, PM2.5 was associated with shorter survival for patients diagnosed 

with lung,[19] liver,[20] and breast[22] cancers. NO2, was also associated with shorter 

survival among patients diagnosed with lung cancer. We similarly found that PM2.5 and 

NO2 impacted survival. Consistent with our findings, all three studies also observed a 

stronger association with air pollution on women diagnosed in early stages. The current 

findings that the effects of air pollution exposure are magnified among early stages is 

of public health concern given these women tend to have the best chances of survival. 

One hypothesis is that women diagnosed in early stages live much longer (73.7 months) 

compared to Stage III (33.8 months) and Stage IV (14.6 months); therefore, the cumulative 

effects of pollution can be more easily distinguished. These findings, however, merit further 

investigation. Our results suggest that reducing exposure to air pollutants could improve 

ovarian cancer-specific survival overall, especially among early-staged women.

We also assessed differences in exposures by race/ethnicity and SES. Racial and ethnic 

minorities are often disparately affected by environmental hazards.[37-39] Consistent with 

the literature, non-Hispanic black, Hispanic, and women of lower SES generally had 

higher average exposures of PM2.5 and NO2 than non-Hispanic white women and those 

of higher SES. After adjusting for environmental exposures, race/ethnicity and SES were 

still significantly associated with ovarian cancer-survival, with non-Hispanic black women 

having worse survival and Hispanic and Asian/Pacific Islanders women having better 

survival. Since vulnerable communities share a larger burden of contaminants,[39,40] we 

assessed effect modification by race/ethnicity and SES. In race-stratified analyses, exposure 

to the highest NO2 levels (>30.0 ppb) had a markedly larger effect among Hispanic and 

Asian/Pacific Islanders, highlighting potential increased susceptibility. Conversely, the effect 

of PM2.5 and intermediate levels of NO2 exposure were lower among non-Hispanic black 

women. This suggests that other competing life stressors are impacting ovarian cancer

survival among non-Hispanic black women.[41]

Strengths

The current study has several strengths. The CCR is a comprehensive cancer registry 

with individual-level data on many important determinants of survival. With availability 

of geocoded addresses, we were able to interpolate exposures to women’s home addresses 

providing individual-level estimates. Furthermore, the study uses data from California’s 
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dense network of air monitors, which is one of the most extensive worldwide.[42] To our 

knowledge, this is only the second study to consider the relationship between air pollution 

and ovarian cancer-specific survival,[9] and the first to do so using women’s geocoded 

address and including women of all stages. Unlike other studies looking at the impact of 

air pollution on cancer survival that focused on single-pollutant models, we also considered 

combinations of the pollutants. Lastly, our study also addresses differences by race/ethnicity 

and SES, filling an important gap in the current literature.

Limitations

This study was limited by the data available in the cancer registry. Treatment data only 

includes first course of treatment. Any subsequent treatment received may affect survival. 

We could not account for individual behavior, such as the amount of time spent indoors 

versus outdoors or in traffic. Women with a cancer diagnosis may spend time indoors and 

therefore the potential for misclassification exists. However, this would likely drive the 

association towards the null. Since regional air monitors were used, air pollution exposure 

was calculated over a large scale which may not represent personal exposure or capture 

more local variations of traffic. We did, however, adjust for distance to primary and 

secondary roads as a proxy measure of local traffic emissions. Furthermore, there are areas 

in California with fewer air monitors, possibly resulting in less reliable exposures in sparse 

areas. Another limitation that may lead to exposure misclassification is that we were unable 

to adjust for residential relocation as the CCR only provides address at time of diagnosis.

In conclusion, our results provide evidence that higher exposure to PM2.5 and NO2 may 

affect survival among women diagnosed with ovarian cancer. Women of non-Hispanic 

black race and of lower SES had higher exposure to the pollutants and worse prognosis, 

while Hispanics, Asian/Pacific Islanders, and women diagnosed in early stages were most 

susceptible to the effects of the pollutants. More research is needed to better understand the 

association between air pollution exposure and survival after an ovarian cancer diagnosis, 

particularly among early-staged women. Interventions to reduce excess exposure to air 

pollution on ovarian cancer-specific survival should be explored,[19] with recognition that 

reducing exposure and even improving indoor air may be difficult or unfeasible for some 

women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

This work was supported by the National Center on Minority Health and Health Disparities of the National 
Institutes of Health under award number: R01MD009697. The authors would like to thank Ian Tang, Daphne 
Thampy, and Emily Hanna for their assistance with the download and interpolation of the pollutant exposures.

Financial support:

This research was supported by the National Center on Minority Health and Health Disparities of the National 
Institutes of Health under award number: R01MD009697.

Villanueva et al. Page 8

Gynecol Oncol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



References:

[1]. Jelovac D, Armstrong DK, Recent progress in the diagnosis and treatment of ovarian cancer, CA 
Cancer J Clin. 61 (2011) 183–203. 10.3322/caac.20113. [PubMed: 21521830] 

[2]. Bristow RE, Powell MA, Al-Hammadi N, Chen L, Miller JP, Roland PY, Mutch DG, Cliby WA, 
Disparities in ovarian cancer care quality and survival according to race and socioeconomic 
status, J. Natl. Cancer Inst 105 (2013) 823–832. 10.1093/jnci/djt065. [PubMed: 23539755] 

[3]. Stewart SL, Harewood R, Matz M, Rim SH, Sabatino SA, Disparities in Ovarian Cancer Survival 
in the United States ( 2001-2009 ): Findings From the CONCORD-2 Study, 4 (2017). 10.1002/
cncr.31027.

[4]. Hildebrand JS, Wallace K, Graybill WS, Kelemen LE, Racial disparities in treatment and 
survival from ovarian cancer, Cancer Epidemiol. 58 (2019) 77–82. 10.1016/j.canep.2018.11.010. 
[PubMed: 30528360] 

[5]. Stenzel AE, Buas MF, Moysich KB, Survival disparities among racial/ethnic groups of women 
with ovarian cancer: An update on data from the Surveillance, Epidemiology and End Results 
(SEER) registry, Cancer Epidemiol. 62 (2019) 101580. 10.1016/j.canep.2019.101580. [PubMed: 
31400533] 

[6]. Westrick A, Schlumbrecht M, Hlaing WWM, Kobetz EK, Feaster D, Balise R, Racial and ethnic 
disparities in the overall survival of women with epithelial ovarian cancer in Florida, 2001–2015, 
Cancer Causes Control. 31 (2020) 333–340. 10.1007/s10552-020-01276-2. [PubMed: 32052218] 

[7]. Terplan M, Schluterman N, McNamara EJ, Tracy JK, Temkin SM, Have racial disparities in 
ovarian cancer increased over time? An analysis of SEER data, Gynecol. Oncol 125 (2012) 
19–24. 10.1016/j.ygyno.2011.11.025. [PubMed: 22108636] 

[8]. Bristow RE, Chang J, Ziogas A, Gillen DL, Bai L, Vieira VM, Spatial analysis of advanced-stage 
ovarian cancer mortality in California., Am. J. Obstet. Gynecol 213 (2015) 43.e1–8. 10.1016/
j.ajog.2015.01.045. [PubMed: 25644440] 

[9]. Vieira VM, Villanueva C, Chang J, Ziogas A, Bristow RE, Impact of community disadvantage and 
air pollution burden on geographic disparities of ovarian cancer survival in California, Environ. 
Res 156 (2017) 388–393. 10.1016/j.envres.2017.03.057. [PubMed: 28395243] 

[10]. Loomis D, Huang W, Chen G, The International Agency for Research on Cancer (IARC) 
evaluation of the carcinogenicity of outdoor air pollution: Focus on China, Chin. J. Cancer 33 
(2014) 189–196. 10.5732/cjc.014.10028. [PubMed: 24694836] 

[11]. Coleman NC, Burnett RT, Higbee JD, Lefler JS, Merrill RM, Ezzati M, Marshall JD, Kim 
SY, Bechle M, Robinson AL, Pope CA, Cancer mortality risk, fine particulate air pollution, 
and smoking in a large, representative cohort of US adults, Cancer Causes Control. 31 (2020) 
767–776. 10.1007/s10552-020-01317-w. [PubMed: 32462559] 

[12]. Turner MC, Krewski D, Ryan Diver W, Arden Pope C, Burnett RT, Jerrett M, Marshall JD, 
Gapstur SM, Ambient air pollution and cancer mortality in the cancer prevention study II, 
Environ. Health Perspect 125 (2017) 1–10. 10.1289/EHP1249. [PubMed: 27384039] 

[13]. Wong CM, Tsang H, Lai HK, Thomas GN, Lam KB, Chan KP, Zheng Q, Ayres JG, Lee SY, Lam 
TH, Thach TQ, Cancer mortality risks from long-term exposure to ambient fine particle, Cancer 
Epidemiol. Biomarkers Prev 25 (2016) 839–845. 10.1158/1055-9965.EPI-15-0626. [PubMed: 
27197138] 

[14]. Jerrett M, Burnett RT, Beckerman BS, Turner MC, Krewski D, Thurston G, Martin RV, Van 
Donkelaar A, Hughes E, Shi Y, Gapstur SM, Thun MJ, Pope CA, Spatial analysis of air 
pollution and mortality in California, Am. J. Respir. Crit. Care Med 188 (2013) 593–599. 
10.1164/rccm.201303-0609OC. [PubMed: 23805824] 

[15]. Chu YH, Kao SW, Tantoh DM, Ko PC, Lan SJ, Liaw YP, Association between fine particulate 
matter and oral cancer among Taiwanese men, J. Investig. Med 67 (2019) 34–38. 10.1136/
jim-2016-000263.

[16]. Samet JM, Dominici F, Curriero FC, Coursac I, Zeger SL, Fine particulate air pollution and 
mortality in 20 U.S. Cities, 1987-1994, N. Engl. J. Med 342 (2000) 1742–1749. [PubMed: 
10841878] 

Villanueva et al. Page 9

Gynecol Oncol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



[17]. Risom L, Møller P, Loft S, Oxidative stress-induced DNA damage by particulate air 
pollution, Mutat. Res. - Fundam. Mol. Mech. Mutagen 592 (2005) 119–137. 10.1016/
j.mrfmmm.2005.06.012.

[18]. Valavanidis A, Fiotakis K, Vlachogianni T, Airborne particulate matter and human health: 
Toxicological assessment and importance of size and composition of particles for oxidative 
damage and carcinogenic mechanisms, J. Environ. Sci. Heal. - Part C Environ. Carcinog. 
Ecotoxicol. Rev 26 (2008) 339–362. 10.1080/10590500802494538.

[19]. Eckel SP, Cockburn M, Shu Y-H, Deng H, Lurmann FW, Liu L, Gilliland FD, 
Air pollution affects lung cancer survival, Thorax. (2016) thoraxjnl-2015-207927. 10.1136/
thoraxjnl-2015-207927.

[20]. Deng H, Eckel SP, Liu L, Lurmann FW, Cockburn MG, Gilliland FD, Particulate matter 
air pollution and liver cancer survival, Int. J. Cancer 141 (2017) 744–749. 10.1002/ijc.30779. 
[PubMed: 28589567] 

[21]. Xu X, Ha S, Kan H, Hu ui H, Curbow BA, Lissaker CTK, Health effects of air 
pollution on length of respiratory cancer survival, BMC Public Health. 13 (2013) 800. 
10.1186/1471-2458-13-800. [PubMed: 24004483] 

[22]. Hu H, Dailey AB, Kan H, Xu X, The effect of atmospheric particulate matter on survival 
of breast cancer among US females, Breast Cancer Res. Treat 139 (2013) 217–226. 10.1007/
s10549-013-2527-9. [PubMed: 23592372] 

[23]. Reuter S, Gupta SC, Chaturvedi MM, Aggarwal BB, Oxidative stress, inflammation, and 
cancer: How are they linked?, Free Radic. Biol. Med 49 (2010) 1603–1616. 10.1016/
j.freeradbiomed.2010.09.006. [PubMed: 20840865] 

[24]. Saed GM, Diamond MP, Fletcher NM, Updates of the role of oxidative stress in the pathogenesis 
of ovarian cancer, Gynecol. Oncol 145 (2017) 595–602. 10.1016/j.ygyno.2017.02.033. [PubMed: 
28237618] 

[25]. Hung L-J, Chan T-F, Wu C-H, Chiu H-F, Yang C-Y, Traffic air pollution and risk of death from 
ovarian cancer in Taiwan: fine particulate matter (PM2.5) as a proxy marker, J. Toxicol. Environ. 
Health. A 75 (2012) 174–82. 10.1080/15287394.2012.641200. [PubMed: 22251265] 

[26]. Parikh-Patel A, Allen M, Wright WE, Anton-Culver H, Bernstein L, Deapen D, Horn-Ross PL, 
Peel D, Pinder R, Reynolds P, Ross RK, West DW, Ziogas A, Validation of self-reported cancers 
in the California Teachers Study, Am. J. Epidemiol 157 (2003) 539–545. 10.1093/aje/kwg006. 
[PubMed: 12631544] 

[27]. California Cancer Registry, How complete are California Cancer Registry data?, http://ccrcal.org/
Inside_CCR/FAQ.shtml#howcompleteareccrdata. (accessed December 15, 2018).

[28]. California Air Resources Board, Air quality and meteorological information system, https://
www.arb.ca.gov/aqmis2/aqmis2.php.

[29]. Yost K, Perkins C, Cohen R, Morris C, Wright W, Socioeconomic status and breast cancer 
incidence in California for different race/ethnic groups, Cancer Causes Control. 12 (2001) 703–
711. 10.1023/A:1011240019516. [PubMed: 11562110] 

[30]. Yang J GS, Schupp CW, Harrati A, Clarke C, Keegan THM, Developing an area-based 
socioeconomic measure from American Community Survey data. Cancer Prevention Institute 
of California, Fremont, California. 2014, (2014) 1–17.

[31]. Deyo RA, Cherkin DC, Ciol MA, Adapting a clinical comorbidity index for use with ICD-9-CM 
administrative databases, J. Clin. Epidemiol 45 (1992) 613–619. 10.1016/0895-4356(92)90133-8. 
[PubMed: 1607900] 

[32]. Bristow RE, Chang J, Ziogas A, Anton-Culver H, Adherence to treatment guidelines for 
ovarian cancer as a measure of quality care, Obstet. Gynecol 121 (2013) 1226–1234. 10.1097/
AOG.0b013e3182922a17. [PubMed: 23812456] 

[33]. Turner MC, Gracia-Lavedan E, Cirac M, Castaño-Vinyals G, Malats N, Tardon A, Garcia-Closas 
R, Serra C, Carrato A, Jones RR, Rothman N, Silverman DT, Kogevinas M, Ambient air 
pollution and incident bladder cancer risk: Updated analysis of the Spanish Bladder Cancer 
Study, Int. J. Cancer 145 (2019) 894–900. 10.1002/ijc.32136. [PubMed: 30653254] 

[34]. Fairfield KM, Murray K, LaChance JA, Wierman HR, Earle CC, Trimble EL, Warren 
JL, Intraperitoneal chemotherapy among women in the Medicare population with epithelial 

Villanueva et al. Page 10

Gynecol Oncol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ccrcal.org/Inside_CCR/FAQ.shtml#howcompleteareccrdata
http://ccrcal.org/Inside_CCR/FAQ.shtml#howcompleteareccrdata
https://www.arb.ca.gov/aqmis2/aqmis2.php
https://www.arb.ca.gov/aqmis2/aqmis2.php


ovarian cancer., Gynecol. Oncol 134 (2014) 473–477. 10.1016/j.ygyno.2014.06.011. [PubMed: 
24952367] 

[35]. Kim HB, Shim JY, Park B, Lee YJ, Long-term exposure to air pollutants and cancer mortality: 
A meta-analysis of cohort studies, Int. J. Environ. Res. Public Health 15 (2018). 10.3390/
ijerph15112608.

[36]. Krewski D, Burnett R, Jerrett M, Pope CA, Rainham D, Calle E, Thurston G, Thun M, 
Mortality and long-term exposure to ambient air pollution: Ongoing analyses based on the 
American Cancer Society cohort, J. Toxicol. Environ. Heal. - Part A 68 (2005) 1093–1109. 
10.1080/15287390590935941.

[37]. Cushing L, Faust J, August LM, Cendak R, Wieland W, Alexeeff G, Racial/ethnic disparities in 
cumulative environmental health impacts in California: Evidence from a statewide environmental 
justice screening tool (CalEnviroScreen 1.1), Am. J. Public Health 105 (2015) 2341–2348. 
10.2105/AJPH.2015.302643. [PubMed: 26378826] 

[38]. Gray SC, Edwards SE, Miranda ML, Race, socioeconomic status, and air pollution exposure 
in North Carolina, Environ. Res 126 (2013) 152–158. 10.1016/j.envres.2013.06.005. [PubMed: 
23850144] 

[39]. Kravitz-Wirtz N, Crowder K, Hajat A, Sass V, The long-term dynamics of racial/ethnic inequality 
in neighborhood air pollution exposure, 1990–2009, Du Bois Rev. 13 (2016) 237–259. 10.1017/
S1742058X16000205. [PubMed: 28989341] 

[40]. Woo B, Kravitz-Wirtz N, Sass V, Crowder K, Teixeira S, Takeuchi DT, Residential Segregation 
and Racial/Ethnic Disparities in Ambient Air Pollution, Race Soc. Probl 11 (2019) 60–67. 
10.1007/s12552-018-9254-0. [PubMed: 31440306] 

[41]. Shelton RC, Goldman RE, Emmons KM, Sorensen G, Allen JD, An Investigation Into the 
Social Context of Low-Income, Urban Black and Latina Women, Heal. Educ. Behav 38 (2011) 
471–481. 10.1177/1090198110382502.

[42]. California Air Resources Board, Air Quality Monitoring. https://ww2.arb.ca.gov/our-work/topics/
air-quality-monitoring, (accessed 2 July 2020).

Villanueva et al. Page 11

Gynecol Oncol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://ww2.arb.ca.gov/our-work/topics/air-quality-monitoring
https://ww2.arb.ca.gov/our-work/topics/air-quality-monitoring


Highlights:

• Higher PM2.5 and NO2 exposure was associated with shortened ovarian 

cancer survival

• Largest survival differences were observed among early-staged women

• Impact of pollutants on ovarian cancer survival differed by race/ethnicity
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Table 1:

Patient Characteristics by Stage at Diagnosis for California Women Diagnosed with Ovarian Cancer, 

1996-2014

Characteristic
* Early Stages Stage III Stage IV Total

N (%
†
) N (%

†
) N (%

†
)

 Total 9,733 (21.5) 11,262 (52.0) 8,846 (26.5) 29,841 (100)

Age at Diagnosis

 Median (SD) 54 (15.3) 62 (13.9) 66 (13.8) 60 (14.9)

Survival Time (months)

 Median (SD) 73.7 (64.4) 33.8 (48.2) 14.6 (34.7) 34.5 (56.4)

Race/Ethnicity

 Non-Hispanic White 5,679 (30.0) 7,543 (39.9) 5,695 (30.1) 18,917 (63.4)

 Non-Hispanic Black 363 (25.6) 507 (35.8) 546 (38.6) 1,416 (4.7)

 Hispanic 2,025 (35.2) 2,022 (35.2) 1,702 (29.6) 5,749 (19.3)

 Asian / Pacific Islander 1,592 (44.7) 1,125 (31.6) 847 (23.8) 3,564 (11.9)

 Other 74 (37.9) 65 (33.3) 56 (28.7) 195 (0.7)

SES

 Lowest SES 1,294 (32.1) 1,385 (34.3) 1,358 (33.6) 4,037 (13.5)

 Lower-Middle SES 1,742 (32.1) 1,951 (35.9) 1,741 (32.0) 5,434 (18.2)

 Middle SES 2,077 (32.9) 2,349 (37.2) 1,896 (30.0) 6,322 (21.2)

 Higher-Middle SES 2,260 (32.9) 2,632 (38.4) 1,968 (28.7) 6,860 (23.0)

 Highest SES 2,360 (32.8) 2,945 (41.0) 1,883 (26.2) 7,188 (24.1)

Insurance

 Managed Care 5,131 (36.3) 5,347 (37.8) 3,671 (25.9) 14,149 (47.4)

 Medicare 1,626 (21.2) 3,077 (40.2) 2,949 (38.5) 7,652 (25.6)

 Medicaid 893 (32.8) 933 (34.2) 899 (33.0) 2,725 (9.1)

 Other Insurance 1,580 (41.3) 1,419 (37.1) 825 (21.6) 3,824 (12.8)

 Not insured 325 (36.6) 271 (30.5) 293 (33.0) 889 (3.0)

 Unknown 178 (29.6) 215 (35.7) 209 (34.7) 602 (2.0)

Marital Status

 Single 4,637 (31.6) 5,264 (35.8) 4,785 (32.6) 14,686 (49.2)

 Married 5,096 (33.6) 5,998 (39.6) 4,061 (26.8) 15,155 (50.8)

Tumor Size (mm)

 < 50 1,320 (35.4) 1,445 (38.7) 969 (26.0) 3,734 (12.5)

 50-99 1,850 (31.4) 2,560 (43.5) 1,474 (25.1) 5,884 (19.7)

 ≥ 100 4,352 (46.6) 3,335 (35.7) 1,648 (17.7) 9,335 (31.3)

 Unknown 2,211 (20.3) 3,922 (36.0) 4,755 (43.7) 10,888 (36.5)

Tumor Grade

 1 1,835 (77.3) 413 (17.4) 126 (5.3) 2,374 (8.0)

 2 2,228 (51.1) 1,442 (33.1) 689 (15.8) 4,359 (14.6)

 3 2,266 (22.5) 4,852 (48.3) 2,932 (29.2) 10,050 (33.7)

 4 921 (22.0) 2,156 (51.4) 1,114 (26.6) 4,191 (14.0)
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Characteristic
* Early Stages Stage III Stage IV Total

N (%
†
) N (%

†
) N (%

†
)

 Unknown 2,483 (28.0) 2,399 (27.1) 3,985 (44.9) 8,867 (29.7)

Histology

 Serous 2,128 (16.6) 6,885 (53.6) 3,841 (29.9) 12,854 (43.1)

 Mucinous 1,346 (70.8) 310 (16.3) 244 (12.8) 1,900 (6.4)

 Endometrioid 2,308 (69.6) 727 (21.9) 283 (8.5) 3,318 (11.1)

 Clear cell 1,214 (66.4) 421 (23.0) 194 (10.6) 1,829 (6.1)

 Adenocarcinoma, NOS 304 (9.6) 845 (26.6) 2,029 (63.8) 3,178 (10.6)

 Others 2,433 (36.0) 2,074 (30.7) 2,255 (33.3) 6,762 (22.7)

NCCN Treatment Adherence

 Adherent 2,451 (21.5) 5,943 (52.0) 3,024 (26.5) 11,418 (38.3)

 Non-Adherent 7,282 (39.5) 5,319 (28.9) 5,822 (31.6) 18,423 (61.7)

Charlson Comorbidity Score
‡

 CCS 0 5,444 (38.3) 5,303 (37.3) 3,471 (24.4) 14,218 (47.6)

 CCS 1 1,787 (26.3) 2,741 (40.3) 2,278 (33.5) 6,806 (22.8)

 CCS 2+ 1,681 (25.0) 2,581 (38.4) 2,463 (36.6) 6,725 (22.5)

 CCS Unknown 821 (39.2) 637 (30.4) 634 (30.3) 2,092 (7.0)

Diagnosis Year Category

 1996-1999 1,777 (33.9) 1,903 (36.3) 1,565 (29.8) 5,245 (17.6)

 2000-2004 2,358 (31.7) 2,901 (39.0) 2,185 (29.4) 7,444 (24.9)

 2005-2009 2,625 (31.7) 3,192 (38.5) 2,473 (29.8) 8,290 (27.8)

 2010-2014 2,973 (33.5) 3,266 (36.9) 2,623 (29.6) 8,862 (29.7)

Distance to Major Road (m)

 < 50 209 (30.6) 243 (35.6) 230 (33.7) 682 (2.3)

 50-149 564 (32.6) 646 (37.4) 518 (30.0) 1728 (5.8)

 150-299 993 (33.5) 1150 (38.8) 823 (27.7) 2966 (9.9)

 300-499 1156 (32.3) 1306 (36.5) 1117 (31.2) 3579 (12.0)

 ≥ 500 6811 (32.6) 7917 (37.9) 6158 (29.5) 20886 (70.0)

SD, Standard Deviation; SES, Socioeconomic Status; NOS, Not Otherwise Specified; NCCN, National Comprehensive Cancer Network; CCS, 
Charlson Comorbidity Score; m, meters

*
With the exception of distance to major road, each patient characteristic was statistically different by stage at diagnosis (P < 01).

†
Values represent row percentages.

‡
The Charlson Comorbidity Score was used to assign comorbidity status and is grouped as: CCS 0- no comorbidities, CCS 1- one comorbidity, 

CCS 2- two or more comorbidities, and CCS Unknown- comorbidity status is unknown.
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Table 2:

Assigned Residential Pollutant Exposure Levels Overall and by Stage of Diagnosis for California Women 

Diagnosed with Ovarian Cancer, 1996-2014

Median Mean SD 25th

Percentile
75th

Percentile
P Value

NO2 (ppb)

Early 14.4 15.5 5.8 11.0 19.0 <0.001

Stage III 15.0 16.2 6.7 11.2 19.6

Stage IV 15.8 16.8 7.3 11.4 20.3

Overall 15.1 16.1 6.6 11.2 19.6

Ozone (ppb)

Early 40.4 40.3 8.1 34.6 44.8 0.216

Stage III 40.6 40.5 8.2 34.6 45.3

Stage IV 40.6 40.5 8.2 34.6 45.0

Overall 40.6 40.4 8.1 34.6 45.0

PM2.5 (μg/m3) 
*

Early 11.59 11.73 2.93 9.37 13.47 <0.001

Stage III 11.83 12.23 3.59 9.52 14.00

Stage IV 12.10 12.62 4.16 9.64 14.48

Overall 11.85 12.18 3.59 9.49 13.91

DTR (m)

Early 923.7 1339.9 1542.7 413.2 1782.3 0.415

Stage III 926.2 1342.4 1504.4 410.2 1756.5

Stage IV 933.0 1371.1 1606.7 411.0 1782.3

Overall 927.6 1337.0 1465.6 411.2 1770.2

SD, Standard Deviation; NO2, Nitrogen Dioxide; ppb, Parts per billion; PM2.5, particulate matter with diameter less than 2.5 microns; μg, 

microgram; m, meters; DTR, Distance to road

*
Values represent a subset of women who were diagnosed during or after 1999 (n=25,976)
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Table 3:

Unadjusted and Adjusted Hazard Ratios for Ovarian Cancer-Specific Survival in Single-pollutant Models

Air Pollutant Exposures IQR Unadjusted HR (95% CI) Adjusted HR (95% CI) *

PM2.5 (μg/m3) † 4.42 1.47 (1.43–1.50) ‡ 1.44 (1.40–1.47) ‡

Ozone (ppb) 0.01 1.02 (0.996–1.04) ‡ 1.001 (0.98–1.02) ‡

NO2 (ppb)

< 20.0 1.00 1.00

20.0 – 30.0 1.20 (1.16–1.25) 1.30 (1.25–1.36)

> 30.0 3.03 (2.85–3.22) 2.48 (2.32–2.66)

IQR, Interquartile Range; HR, Hazard Ratios; CI, Confidence Interval; PM2.5, Particulate matter less than 2.5μm in diameter; μg, microgram; m, 

meters; ppb, Parts per billion; NO2, Nitrogen Dioxide

*
Models adjusted for age at diagnosis, race/ethnicity, socioeconomic status, insurance status, marital status, stage at diagnosis, tumor grade, tumor 

histology, tumor size, comorbidity status, treatment adherence, and year of diagnosis.

†
PM2.5 models are for a subset of women who were diagnosed during or after 1999 (n=25,976)

‡
Represents the hazard ratios for an interquartile increase in concentration levels
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Table 4:

Multivariate Ovarian Cancer-Specific Survival in Multi-pollutant Overall Models

Multi-pollutant Models Coef SE HR * † 95% CI

NO2 + DTR

NO2 <20.0 ppb 1.00 Ref

20.0–30.0 ppb 0.26 0.02 1.30 1.25–1.36

>30.0 ppb 0.92 0.04 2.50 2.33–2.68

DTR 0.98 0.86–1.11

NO2 + Ozone

NO2 <20.0 ppb 1.00 Ref

20.0–30.0 ppb 0.26 0.02 1.30 1.25–1.36

>30.0 ppb 0.91 0.04 2.49 2.32–2.67

Ozone 1.45 1.05 1.02 0.99–1.04

NO2 + Ozone + DTR

NO2 <20.0 ppb 1.00 Ref

20.0–30.0 ppb 0.26 0.02 1.30 1.25–1.36

>30.0 ppb 0.92 0.04 2.50 2.33–2.69

Ozone 1.53 1.05 1.02 0.995–1.04

DTR 0.98 0.86–1.11

PM2.5 + DTR ‡

PM2.5 0.08 2.92e-03 1.45 1.41–1.48

DTR 0.84 0.73–0.97

PM2.5 + Ozone ‡

PM2.5 0.08 0.003 1.44 1.41–1.48

Ozone 2.46 1.118 1.03 1.00–1.05

PM2.5 + Ozone + DTR ‡

PM2.5 0.08 2.93e-03 1.45 1.41–1.49

Ozone 2.55 1.12 1.03 1.00–1.05

DTR 0.85 0.73–0.98

Coef, Coefficient; SE, Standard Error; HR, Hazard Ratio; CI, Confidence Interval; NO2, Nitrogen Dioxide; DTR, Distance to road; ppb, Parts per 

billion; PM2.5, Particulate matter less than 2.5μm in diameter

*
Hazard ratios for PM2.5 and Ozone represent an interquartile increase in concentration levels. NO2 is categorized into tertiles. The DTR hazard 

ratios reported are for the spline distance variable predicted at the median.

†
All models are additionally adjusted for age at diagnosis, race/ethnicity, socioeconomic status, insurance status, marital status, stage at diagnosis, 

tumor grade, tumor histology, tumor size, comorbidity status, treatment adherence, and year of diagnosis.

‡
Hazard ratios for models with PM2.5 represent a subset of women who were diagnosed during or after 1999 (n=25,976).
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