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Abstract

Black women diagnosed with epithelial ovarian cancer have poorer survival compared to White 

women. Factors that contribute to this disparity, aside from socioeconomic status and guideline-

adherent treatment, have not yet been clearly identified. We examined data from the Ovarian 

Cancer in Women of African Ancestry (OCWAA) consortium which harmonized data on 1,074 

Black women and 3,263 White women with ovarian cancer from seven U.S. studies. We selected 

potential mediators and confounders by examining associations between each variable with race 

and survival. We then conducted a sequential mediation analysis using an imputation method to 

estimate total, direct, and indirect effects of race on ovarian cancer survival. Black women had 

worse survival than White women (HR=1.30; 95%CI=1.16–1.47) during study follow-up; 67.9% 

of Black women and 69.8% of White women died. In our final model, mediators of this disparity 

include college education, nulliparity, smoking status, body mass index, diabetes, diabetes/race 

interaction, postmenopausal hormone (PMH) therapy duration, PMH duration/race interaction, 

PMH duration/age interaction, histotype, and stage. These mediators explained 48.8%(SE=12.1%) 

of the overall disparity; histotype/stage and PMH duration accounted for the largest fraction. 

In summary, nearly half of the disparity in ovarian cancer survival between Black and White 

women in the OCWAA consortium is explained by education, lifestyle factors, diabetes, PMH use, 

and tumor characteristics. Our findings suggest that several potentially modifiable factors play a 

role. Further research to uncover additional mediators, incorporate data on social determinants of 

health, and identify potential avenues of intervention to reduce this disparity is urgently needed.

Graphical Abstract
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Introduction

Epithelial ovarian cancer (EOC) is a highly fatal disease and the fifth leading cause of 

cancer mortality among women in the United States1. Black women have poorer survival 

compared to White women, with 5-year survival rates of 39% and 48%, respectively1–3. 

Socioeconomic status (SES) and access to care may explain part4–8 but not all4 of the 

survival disparity. Most prior studies have examined SES or guideline adherent treatment, 

but have not accounted for other prognostic factors such as body mass index (BMI) or 

smoking status. Data on other factors that affect survival are needed to better understand and 

potentially mitigate survival disparities.

There are several factors that differ in distribution between Black and White women that 

have been shown to have prognostic significance in ovarian cancer outcomes, and thus 

warrant investigation as mediators of this relationship. Obesity (BMI>30) before or at 

ovarian cancer diagnosis has been associated with worse survival47,48 among women with 

ovarian cancer, as has smoking49,50. Additionally, there is evidence that lower income and 

education levels are associated with worse survival51, while PMH therapy use is associated 

with improved survival50,52–54. However, as most prior epidemiologic studies have included 

small samples of Black women, how these factors may impact the Black-White ovarian 

cancer survival disparity has not been adequately examined. Further, no previous study 

has used mediation analyses to investigate the effect of these factors (e.g., BMI, smoking, 

histotype) on the survival disparities among women with ovarian cancer.

The present study capitalized on harmonized data on Black and White EOC cases from 

the Ovarian Cancer in Women of African Ancestry (OCWAA) Consortium9. To elucidate 

which factors may impact EOC survival disparities between Black and White women, we 

used statistically informed variable selection and mediation analyses on time to event10,11 to 

examine factors purported to have prognostic significance in women with EOC.
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Materials and Methods

Study population

The OCWAA Consortium9 is a U.S. based collaboration formed to understand racial 

differences in risk and outcomes of EOC. The present analysis includes 1,074 Black 

and 3,263 White EOC cases from seven contributing studies. These include four case-

control studies - the African-American Cancer Epidemiology Study (AACES)12, the Cook 

County Case-Control Study (CCCCS)13,14, the Los Angeles County Ovarian Cancer Study 

(LACOCS)15, the North Carolina Ovarian Cancer Study (NCOCS)16 - and three case-control 

studies nested within prospective cohorts - the Black Women’s Health Study (BWHS)17, 

Multiethnic Cohort Study (MEC)18, and the Women’s Health Initiative (WHI)19. Eligible 

cases were diagnosed with incident EOC; tumor histotype was classified according to 

the 2014 World Health Organization Classification of Tumors of Female Reproductive 

Organs that combined morphology and grade into the following histotypes: high-grade 

serous, low-grade serous, endometrioid, clear cell, mucinous, carcinosarcoma, and other 

epithelial tumors.9,20,21 Questionnaire, medical record, and tumor/cancer registry data were 

harmonized across studies. Vital status for all-cause mortality and date of death were 

identified through the National Death Index, state cancer and death registry data, and 

LexisNexis Accurint, and have been described in detail previously9. To account for potential 

left truncation in the case-control studies, if the interview date was more than 6 months after 

the diagnosis date, follow-up time was defined as time between interview and last contact.45 

For all other cases, follow-up time was defined as time between diagnosis and last contact.

Defining confounders and mediators

Candidate mediators and confounders were screened by testing exposure (race)-variable 

and variable-outcome (ovarian cancer survival) relationships22,23 (Table 1). Chi-square tests 

were used to assess the exposure-mediator and exposure-confounder relationships. Type III 

ANOVA tests of the potential mediators/confounders in a survival model that controlled for 

age at diagnosis, year of diagnosis, and study site were used to assess the mediator-outcome 

and confounder-outcome relationships. If both tests of the exposure-variable and variable-

outcome relationship were significant at the p<0.10 level, the variable was selected for 

inclusion in the analyses. Then, analysis variables were separated into variables judged to be 

confounders (including variables along a confounding pathway) and mediators. Mediators 

were variables that could reasonably be assumed to lie on the causal pathway between race 

and ovarian cancer survival, where race influenced the mediator and not vice-versa. Figure 1 

shows the ideal mediation scenario with no unmeasured confounders. We included the Area 

Deprivation Index (ADI)24, which captures the socioeconomic disadvantage of an area (at 

the Census tract level in these analyses), as a confounder rather than a mediator. However, 

in secondary analyses, the ADI was also treated as a mediator as it has been considered 

a mediator in studies of other health endpoints11,25. In secondary analyses limited to 1) 

high-grade serous cases and 2) distant stage cases, we rescreened the mediators for inclusion 

into the respective models (Supplemental Methods).

After mediators were identified as described above, interaction with race was assessed by 

inserting an interaction term into a model with adjustment for study site, age at diagnosis, 
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and diagnosis year. We set an a priori threshold of p<0.10 for an interaction term to be 

included in the pool of mediators. Several pairs of mediators (i.e., BMI-diabetes, histotype-

stage) were a priori treated jointly for the remainder of the analysis due to their strong 

association with each other and uncertainty regarding their causal relationship (i.e., the 

direction of the association, potential unmeasured confounders affecting the association). 

Lastly, a causal order was imposed to the screened mediators considering temporality 

and investigator feedback. Ultimately, we assumed the order based on what mediators 

would reasonably precede the others. For example, college education would typically occur 

earliest, followed by birth of a woman’s last child. Similarly, hormone therapy would occur 

later in life, and histotype and stage would be the most recent mediator. The effect of 

different ordering was examined with sensitivity analyses considering other potential causal 

orders.

Sequential Mediation Analysis

We used an imputation method documented in Vansteelandt et al.26 and Lange et al.10,46 to 

estimate total, direct, and indirect effects of variables on survival in a sequential manner. The 

conditional direct effect estimated by the imputation method can be described as the effect 

of changing the exposure (e.g., race) while keeping the mediators fixed at the level of the 

opposite exposure (e.g., how much the hazard changes if we kept the mediator levels that 

exist among White women but apply them to Black women).

This method10,26,46 fits a Weibull time-to-event model on original data with the confounders 

and mediator to predict the survival time if the exposure was set to the counterfactual level. 

The original data is concatenated with the counterfactual data to fit a Cox proportional 

hazards model on only the confounders, exposure, and counterfactual exposure. The indirect 

and direct effects are pulled from the hazard ratios of the coefficients of the exposure and 

counterfactual exposure, respectively. The total effect is calculated as the product of the 

indirect and direct effects, and the proportion mediated (PM) is calculated as the ratio of the 

log of the indirect effect and the log of the total effect. Bootstrapping is used to calculate 

standard errors and 95% confidence intervals.

We extended this method in two ways: we first performed multilevel multiple imputation 

(MMI)30 to account for missing data (Supplemental Table 1), and we also included 

multiple ordered mediators. Joint indirect effects for these multiple ordered mediators were 

successively assessed, calculating the various effects with only the first mediator, then 

calculating the various effects with the first and second mediators included together, and so 

on until all of the mediators were included together27,28. In addition, individual path-specific 

effects were calculated for each sequential mediator (i.e. the first path-specific effect would 

simply be the indirect effect of the first mediator, the second path-specific effect is the ratio 

of the indirect effect of the first and second mediators together compared to the indirect 

effect of the first mediator alone, and so on).

The MI-bootstrap pooled sample (“MI-boot PS”) method29 was used to estimate endpoints 

of the 95% confidence intervals (CIs) of the mediation effects. For each imputed dataset, 

1000 datasets were created by randomly sampling with replacement and effects were 

calculated for each bootstrap/imputation sample. The endpoints for the CI were then 
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calculated by choosing the 2.5% and 97.5% percentiles for each effect from the pooled 

distribution of bootstrap effects across the 25 imputations. Due to the wide nature of the 

percentage mediated confidence intervals, standard error was shown for clarity.

In a secondary analysis, we used a multiple mediator method proposed by Yu et al.11 which 

estimates an averaged direct effect when controlling the mediators by simulating a random 

intervention on them according to their marginal distributions. This method uses a different 

approach to implement the counterfactuals to estimate indirect effects, but still uses hazard 

ratios from Cox models, as well as the “MI-boot PS” method for confidence intervals and 

standard errors. Because our approach is novel, we used this secondary method to assess the 

robustness of our findings.

Because Cox models may be subject to misspecification due to violation of the proportional 

hazards assumption, we additionally fit accelerated failure time (AFT) outcome models for 

comparison purposes. Both of the methods used are alternatives to the product-coefficient 

method, and as such, do not require the rare-events assumption to use a Cox model 

outcome. Assumptions, interpretations, and implementation details for each method are 

further described in Supplemental Methods.

Results

Of the 1,074 Black women and 3,263 White women with EOC, 729 (67.9%) Black women 

and 2,277 (69.8%) White women died. Median follow-up was 3.9 (standard deviation 

[SD]=4.3) years for Black women and 4.1 (SD=5.9) years for White women. Maximum 

follow-up was 27.9 years for Black women and 24.1 years for White women. In unadjusted 

Kaplan Meier curves, Black women had worse survival than White women (Figure 2; 

p=0.003) while having a younger age at diagnosis (mean=58.7 vs 62.9, respectively) (Table 

1). After controlling for age at diagnosis, year of diagnosis, and study site, the survival 

differences were more pronounced between the two racial groups (Supplemental Figure 1; 

p<0.001); the HR for Black women compared to White women was 1.30 (95% CI=1.16–

1.47).

The most common histotype in both Black and White women was high-grade serous (63.5% 

vs 62.7%, respectively) while clear cell was more commonly diagnosed among White 

women (6.9%) than Black women (3.5%) (Table 1). When survival curves were examined 

by histotype (high-grade serous, clear cell, and all other epithelial), Black women had 

worse survival in each histotype group, although differences in survival by race were only 

statistically significant among the high-grade serous histotype (Figure 3).

Selection of potential mediators/confounders that may explain the racial disparity in 
survival

We identified several potential mediators (i.e., college education, nulliparity, smoking status, 

BMI, diabetes, postmenopausal hormone use [PMH] duration, histotype, and stage) and 

confounders (i.e., age at diagnosis, year of diagnosis, site, ADI) based on our screening 

method. Due to the non-linear distribution of BMI, we categorized the BMI variable based 

on the WHO definitions, which allow for meaningful clinical implications and is consistent 
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with prior literature examine BMI and ovarian cancer survival. Each mediator or confounder 

met our threshold for inclusion of p<0.10 with both self-reported race and survival time after 

adjusting for site, age at diagnosis, and year of diagnosis (Table 1). Among the significantly 

associated mediators/ confounders, interactions of race with diabetes and PMH duration 

were observed while still adjusting for site, age at diagnosis, and year of diagnosis (p<0.02). 

In addition, because age is strongly associated with PMH, a PMH duration/age interaction 

term was included in the final model. Variables screened but not selected as potential 

mediators/confounders are included in the footnote of Table 1.

Mediation analysis results

Using the imputation method, the included mediators explained 48.8% (SE=12.1%) (Table 

2) of the overall Black/White disparity; histotype/stage and PMH duration accounted for 

the largest fraction of the cumulative percent mediated. The path-specific effect of PMH 

duration on the disparity was 1.03 (95% CI:0.94–1.12), meaning that after the path-specific 

effects of college education, nulliparity, smoking, BMI, and diabetes were accounted for, 

Black women are 3% more likely to die from ovarian cancer than White women when 

looking specifically at differences in PMH duration. This increased hazard translates to 

14.2% (SE=25.5%) of the overall Black/White disparity. For histotype and stage, the path-

specific effect was 1.04 (95% CI: 0.96–1.13), indicating that Black women are 4% more 

likely to die from ovarian cancer than White women when looking specifically at differences 

in histotype and stage. This increased hazard translates to 22.3% (SE=23.5%) of the overall 

Black/White disparity. Each mediator contributed a path-specific indirect effect ranging 

from 0.99 to 1.04, while a cumulative indirect effect from all mediators was significant 

(1.10, 95% CI: 1.03, 1.16). This suggests that Black women are 10% more likely to die 

from ovarian cancer than White women when considering differences in college education, 

nulliparity, smoking, BMI, diabetes, PMH duration, histotype and stage.

Under the multiple mediator method, the cumulative PM was 46.7% (SE=23.8%) (Table 3). 

When investigating ADI/college as a combined mediator (in contrast to the primary analysis 

where ADI was considered a confounder), significant indirect effects were detected (1.06, 

95% CI: 1.00, 1.14), increasing the cumulative PM to 63.5% (SE=8.8%) (Supplemental 

Table 2). Similar results were observed with the multiple mediator method (data not shown). 

In sensitivity analyses using AFT models, the results were similar (Supplemental Table 3). 

We also considered different ordering of the mediators with similar results (Supplemental 

Table 4).

In analyses limited to high-grade serous cases, results were similar to the main results with 

only slightly different screened mediators. They included college education, smoking status, 

BMI, diabetes, PMH duration, PMH duration/age interaction, prior breast cancer, and stage. 

The percent mediated was 37.8% (SE=13.5%) (Supplemental Table 5), with BMI/diabetes 

and stage accounting for the largest fraction. When distant stage cases were examined, 

the mediators included college education, smoking status, BMI, diabetes, diabetes/race 

interaction, PMH duration, and PMH duration/age interaction and the percent mediated was 

28.0% (SE=12.2%) (Supplemental Table 6). When analyzing the ordering of the mediators, 

we found that despite some variation, each mediator’s average path-specific effect was 
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very close to their path-specific effects in Table 2 (Supplemental Table 4). The mediator 

with the most variation was nulliparity, with a path-specific effect of 1.02 and an average 

path-specific effect from the sensitivity analysis of 1.00. The path-specific proportion is a 

much more variable measure, with the average path-specific proportion mediated being more 

consistent for BMI and diabetes together, PMH duration, and together, histotype and stage.

Discussion

In the large and geographically diverse OCWAA Consortium9, survival after ovarian cancer 

diagnosis was shorter in Black women than White women. The association of race with 

survival can be separated into contributions due to confounding plus the total effect, and 

the total effect can be divided into a direct effect and indirect effect through our measured 

mediators. Our results suggest that 40–50% of the total effect may be explained by the 

list of mediators considered in this analysis. Importantly, many of the variables identified 

as mediators herein are modifiable (e.g., BMI, smoking status), therefore, interventions 

targeted at these factors, particularly among Black women, could potentially reduce the 

survival disparities observed herein. In addition, targeting interventions towards structural 

inequalities that lead to differences in these modifiable factors could be as or even more 

crucial than individual-level interventions. Due to the smaller contributions of each mediator 

individually, this would suggest that structural interventions would be the most beneficial. 

Despite some individual mediators presenting with a hazard ratio < 1.0, the overlapping 

confidence intervals do not necessarily suggest a suppressive effect in explaining the 

disparity. It is more likely that the individual impact on the disparities in ovarian cancer 

survival is low and that the causes of these disparities have complex relationships with each 

other, or are themselves a result of society-level factors55.

Prior studies have identified several potential reasons for poorer ovarian cancer survival 

among Black women. Factors identified as potential contributors to disparities in 

ovarian cancer outcomes between Black and White women include access to care31,32, 

neighborhood disadvantage33, and comorbidities34,35. Most4,8,31,35, but not all36, studies 

have observed that receipt of guideline adherent treatment is a significant contributor. A 

recent analysis by Chen et. al, using data from the National Cancer Database, estimated 

that 59.1% of the racial disparity in survival was explained by differences in adherence to 

treatment guidelines, access to care, and comorbidities; these factors accounted for 36.4%, 

22.7%, and 18.2%, respectively, of the differential survival by race31. While our study was 

not able to examine access to care or detailed treatment information, we did examine use 

of NSAIDS and comorbidities (i.e., diabetes, overweight/obesity, heart disease, high blood 

pressure, high cholesterol, osteoporosis, thyroid conditions). Of the comorbidities examined, 

only diabetes and BMI screened into our final model, together accounting for 6% of the 

effect of race on survival. The impact of BMI on survival could be due to chemotherapy 

dosing reduction37 and/or direct effects on survival.

Our study used a novel mediation method by Lange et al. in order to measure both the 

natural direct effects (how much the hazard changes if we kept the mediator levels that 

exist among White women but apply them to Black women) and indirect effects (how 

much the hazard changes if the mediators changed to the levels that exist among Black 
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women but apply them to White women) to more fully understand which factors mediate 

the impact of race on ovarian cancer survival10. Underlying all analyses was the need to 

determine whether a variable was a confounder and/or a mediator. The ADI, which we used 

in these analyses as a proxy for the socioeconomic disadvantage of an area, could have been 

treated as either, and, in our primary analyses, we considered the ADI a confounder. This 

decision was made on the basis that, while the ADI is associated with race, it is unlikely 

that race would impact ADI (meaning that ADI was not on the causal pathway between 

race and survival). However, ADI may also merit consideration as an important mediator. 

In secondary analyses, we found that including ADI/college as a mediator impacted the 

survival disparity by ≈22% (Supplemental Table 2) and increased the overall PM to 

≈60%. The ADI has been proposed to capture one domain of systemic racism, specifically 

residential segregation and housing discrimination38. While we could not capture systemic 

racism using the individual-level variables available in each study, we acknowledge that it 

likely plays an important role in ovarian cancer survival disparities between Black and White 

women.

The present study had many strengths. The OCWAA Consortium includes a large sample 

size of Black and White cases from across the United States. This study capitalized on data 

collected by existing epidemiologic studies, which is both efficient and provides detailed 

data on patient-level characteristics (e.g., parity, PMH duration) that are not always available 

in registry-based studies. The median follow-up, 4.0 years post-diagnosis, is long compared 

to many previous studies and allows for a more comprehensive examination of survival 

differences by race. To the best of our knowledge, this study is the first to conduct mediation 

analyses to examine the effect of race on ovarian cancer survival disparities. As such, 

we aimed to be comprehensive in our approach and considered both a primary mediation 

method based on counterfactual models10 as well as a complementary approach that framed 

mediation as intervention effects11. In the presence of unmeasured confounders and ordering 

uncertainty between mediators, sequential mediation analysis may provide insight into the 

most relevant pathways in regards to survival differences, while other mediation methods 

that do not account for the influence of mediators on one another may yield biased results 

due to violation of assumptions39. The results of the two methods we used were consistent, 

confirming the robustness of our mediation estimates. We also considered the impact of the 

order in which mediators were added to the model and found that the overall findings were 

largely consistent. Lastly, we evaluated the “MI-boot” competing method29, in addition to 

the primary method, the MI-boot PS, for estimation of 95% CIs; estimates were generally 

very similar, and, although the MI-boot PS was slightly less efficient, it was more robust to 

the presence of outliers.

Several limitations should be noted. The use of all-cause mortality may introduce a small 

amount of bias from deaths due to other causes, but due to the severity of ovarian cancer, 

most deaths among women in this study will have been from the disease and this bias will 

be minimal. Despite the cumulative measures showing statistical significance, variation in 

the path-specific effects and proportion mediated estimates is high. Half of the disparity in 

outcome was not explained by our examined factors. The analyses were limited to those 

that were available from all studies and which could be harmonized. Treatment data were 

incomplete among the individual studies that comprise OCWAA and thus could not be 
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examined. Treatment would be a mediator, not a confounder, of the association between 

race and survival and therefore our findings are significant and valid despite the absence of 

treatment data. Specifically, findings from our primary analysis indicate that approximately 

half (49%) of the differential survival between Black and White women can be explained by 

the included variables. This leaves approximately half (51%) of the disparity to be explained 

by treatment or other factors, which allows for unexamined treatment factors to contribute a 

sizable portion of the mediation of the remaining disparity. This percentage is in line with 

recent work by Chen et al.31 which estimated that nonadherence to National Comprehensive 

Cancer Network (NCCN) treatment guidelines accounted for 36.4% of the survival disparity 

by race. While we do not have comprehensive treatment data, we examined several of the 

factors that Chen et al.31 identified as most strongly associated with nonadherence to NCCN 

treatment guidelines including education, age, and comorbidity. ADI at the Census tract 

level was an approximation for socioeconomic disadvantage in this study. More detailed 

data on socioeconomic disadvantage and access to care, both of potential importance but not 

available in OCWAA, should be collected and investigated by future studies. Lastly, despite 

having a large sample size, we were underpowered to examine racial disparities in survival 

within the rarer histotypes.

In this first mediation study of racial disparities in ovarian cancer survival to date, we used 

detailed data from seven epidemiologic studies to identify modifiable factors that mediate 

the disparity in survival between Black and White women. Almost half of the disparity 

in ovarian cancer survival between Black and White women was explained by education, 

lifestyle factors, diabetes, PMH use, and tumor characteristics. Future studies should build 

upon the research presented herein and incorporate data on social determinants of health. 

A more complete understanding of the remaining disparity is needed in order to ultimately 

improve outcomes and reduce cancer disparities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact

Prior research has identified few factors that contribute to but do not account for the 

entirety of the ovarian cancer survival disparity between Black and White women. We 

use a novel statistical approach to conduct the first mediation study to identify factors 

that mediate the racial disparities in ovarian cancer survival. Such identification and 

characterization of mediating factors, as demonstrated herein, is critical in order to 

ultimately reduce these survival disparities.
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Figure 1. 
Mediation Scenario Path Diagram. Each mediator (M) can represent a set of joint mediators 

or an individual mediator.
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Figure 2. 
Kaplan-Meier Curves by Race Among Women with Epithelial Ovarian Cancer (N=1,074) 

Black Women and 3,263 White Women
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Figure 3. 
Kaplan-Meier Curves by Epithelial Ovarian Cancer Histotype, Stratified by Race (N = 

1,074 Black Women and 3,263 White Women). Panel A: High-grade serous (N=709 Black 

women, 2,121 White women); log-rank p=0.03. Panel B: Clear cell (N=38 Black women, 

224 White women); log-rank p=0.47. Panel C: Other Epithelial (n=327 Black women, 918 

White women); log-rank p=0.14
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Table 1.

Potential Mediators/Confounders

Potential Mediators/Confounders
a

Black women
b

White women
c

N (%) or Mean (SD) N (%) or Mean (SD) p
d HR

(95% CI)
e p

f
p

g

Study <0.00001 <0.00001 0.975

 AACES 579 (53.9%) 0 (0.0%) 1.27 (1.01, 1.59)

 BWHS 77 (7.2%) 0 (0.0%) 1.56 (1.18, 2.08)

 CCCCS 39 (3.6%) 208 (6.4%) 1.61 (1.37, 1.90)

 LACOCS 124 (11.5%) 1139 (34.9%) ref

 MEC 91 (8.5%) 145 (4.4%) 1.62 (1.37, 1.91)

 NCOCS 117 (10.9%) 819 (25.1%) 1.07 (0.96, 1.19)

 WHI 47 (4.4%) 952 (29.2%) 1.09 (0.97, 1.23)

Year of Diagnosis
h <0.00001 0.060 0.170

 1990–1995 34 (3.2%) 272 (8.3%) ref

 1995–2000 136 (12.7%) 806 (24.7%) 0.98 (0.84, 1.14)

 2000–2005 141 (13.1%) 1070 (32.8%) 0.95 (0.81, 1.12)

 2005–2010 136 (12.7%) 897 (27.5%) 0.84 (0.71, 0.99)

 2010–2015 553 (51.5%) 172 (5.3% 0.96 (0.75, 1.23)

 2015–2020 74 (6.9%) 46 (1.4%) 1.04 (0.73, 1.48)

Age at Diagnosis 58.74 (11.70) 62.93 (11.95) <0.00001 <0.00001

 + 5 years 1.15 (1.13, 1.17) 0.119

Histotype 0.0003 <0.00001 0.897

 High-grade serous
i 709 (66.0%) 2121 (65.0%) ref

 Clear cell 38 (3.5%) 224 (6.9%) 0.43 (0.36, 0.52)

 Other epithelial 327 (30.4%) 918 (28.1%) 0.64 (0.59, 0.70)

Stage 0.038 <0.00001 0.802

 Distant 715 (70.5%) 2321 (71.7%) ref

 Regional 97 (9.6%) 368 (11.4%) 0.32 (0.28, 0.37)

 Localized 202 (19.9%) 546 (16.9%) 0.21 (0.18, 0.24)

Body Mass Index (BMI), kg/m2 <0.00001 0.093 0.957

 <25 190 (17.8%) 1609 (49.7%) ref

 25–29.9 307 (28.8%) 898 (27.7%) 1.02 (0.94, 1.12)

 ≥30 570 (53.4%) 731 (22.6%) 1.10 (1.01, 1.21)

Diabetes <0.00001 0.001 0.008

 No 842 (81.4%) 2878 (94.2%) ref

 Yes 193 (18.6%) 177 (5.8%) 1.24 (1.09, 1.41)

Smoking Status 0.00002 0.0008 0.885

 Never 575 (53.7%) 1642 (50.7%) ref

 Former 359 (33.5%) 1302 (40.2%) 1.07 (0.99, 1.15)

 Current 137 (12.8%) 296 (9.1%) 1.27 (1.12, 1.44)
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Potential Mediators/Confounders
a

Black women
b

White women
c

N (%) or Mean (SD) N (%) or Mean (SD) p
d HR

(95% CI)
e p

f
p

g

Education <0.00001 0.008 0.893

 Less than college graduate 719 (67.1%) 1637 (50.3%) ref

 College graduate 353 (32.9%) 1618 (49.7%) 0.90 (0.83, 0.97)

Nulliparous 0.008 0.013 0.479

 No 869 (81.0%) 2513 (77.0%) ref

 Yes 204 (19.0%) 749 (23.0%) 0.89 (0.81, 0.98)

Post Menopausal Hormone Duration
j <0.00001 0.046 0.019

 Never 820 (77.4%) 1513 (47.1%) ref

 < 5 years 138 (13.0%) 563 (17.5%) 0.94 (0.85, 1.04)

 ≥ 5 years 101 (9.5%) 1135 (35.3%) 0.89 (0.82, 0.98)

Area Deprivation Index (ADI)
k 109.20 (20.53) 90.25 (14.94) <0.00001 0.00007

 + 10 points 1.05 (1.03, 1.08) 0.120

SD: Standard deviation; AACES: African-American Cancer Epidemiology Study; BWHS, Black Women’s Health Study; CCCCS, Cook County 
Case-Control Study; LACOCS, Los Angeles County Ovarian Cancer Study; MEC, Multiethnic Cohort Study; NCOCS, North Carolina Ovarian 
Cancer Study; WHI, Women’s Health Initiative; BMI: body mass index; ADI, Area Deprivation Index

a
Other variables screened and not selected include health conditions (menopause, prior cancer, prior breast cancer, heart disease, high blood 

pressure, high cholesterol, osteoporosis, or thyroid condition), pack years of smoking (years), marital status (married/living as married, divorced/
separated, widowed, single/never married), ever use and duration (years) of oral contraceptives, and whether a participant ever regularly used 
aspirin, non-steroidal anti-inflammatory drugs (NSAIDs), or acetaminophen. Unless otherwise noted, all variables were categorized as yes/no.

b
Among Black participants, ADI is missing at a rate of 13.4%, while the remaining variables are missing at rates of 5.6% or less. No data is 

missing for site, age at diagnosis, year of diagnosis, or histotype.

c
Among White participants, ADI is missing at a rate of 36.4%, while the remaining variables are missing at rates of 6.4% or less. No data is 

missing for site, age at diagnosis, year of diagnosis, or histotype.

d
p-value for test of the association between race and the variable of interest.

e
HR and 95% CI of variable of interest in a Cox PH or AFT (if the variable violated the proportional hazard assumption) model while adjusting for 

site, age at diagnosis, and year of diagnosis.

f
p-value of the ANOVA test for the variable of interest in a Cox PH or AFT (if the variable violated the proportional hazard assumption) model 

while adjusting for site, age at diagnosis, and year of diagnosis.

g
p-value of the ANOVA test for the variable of interest’s interaction with race in a Cox PH model or AFT (if the variable violated the proportional 

hazard assumption) model adjusting for site, age at diagnosis, and year of diagnosis.

h
Year of diagnosis is a forced-in confounder (not associated with survival) given differences in year of diagnosis between Black and White women 

in the included studies

i
High-grade serous (n=683 Black, n=2052 White) and carcinosarcoma (n=26 Black, n=74 White) were combined into one category based on 

similar survival observed in this study and the small number of carcinosarcoma cases

j
Postmenopausal hormone duration includes duration of use of estrogen and progestin either alone or in combination

k
ADI is the Singh score at census tract level
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Table 2.

Sequential Multiple Mediation
a
 of the Effect of Race on Ovarian Cancer Survival using an imputation 

method10

Step
b Mediator(s) 

Added
Path Specific 
IE HR (95% 

CI)
c

Indirect Effect 

HR (95% CI) 
d

Direct Effect 
HR (95% 

CI)
e

Total Effect 
HR (95% 

CI)
f

% Mediated 

(SE)
g

Path Specific 
% Mediated 

(SE)
h

1 College 0.99 (0.94, 1.06) 0.99 (0.94, 1.06) 1.24 (1.18, 
1.30)

1.23 (1.16, 
1.31)

−5.6 (16.4) −5.6 (16.4)

2 Nulliparity 1.02 (0.92, 1.10) 1.02 (0.94, 1.07) 1.23 (1.18, 
1.29)

1.25 (1.16, 
1.31)

5.7 (16.0) 9.3 (22.1)

3 Smoking 0.99 (0.92, 1.09) 1.00 (0.94, 1.07) 1.23 (1.18, 
1.29)

1.24 (1.16, 
1.31)

0.0 (16.0) −7.9 (22.4)

4 BMI 1.02 (0.93, 1.11) 1.02 (0.96, 1.09) 1.21 (1.16, 
1.27)

1.24 (1.16, 
1.31)

7.8 (14.9) 5.9 (21.3)

Diabetes

Diabetes/Race 
Interaction

5 PMH Duration 1.03 (0.94, 1.12) 1.05 (0.99, 1.12) 1.14 (1.09, 
1.19)

1.20 (1.12, 
1.28)

25.8 (16.0) 14.2 (25.5)

PMH Duration/
Race Interaction

PMH 
Duration/Age 
Interaction

6 Histotype 1.04 (0.96, 1.13) 1.10 (1.03, 1.16) 1.10 (1.06, 
1.14)

1.20 (1.13, 
1.27)

48.8 (12.1) 22.3 (23.5)

Stage

BMI: body mass index; CI: Confidence Interval; HR: hazard ratio; IE: indirect effect; PMH: post-menopausal hormone.

a
Confounders adjusted for in the model include year of diagnosis, age at diagnosis, site, and area deprivation index (ADI).

Bold numbers reflect statistically significant values.

b
Sequential order in which the selected mediators were added to the model. Model also includes variables in all preceding steps.

c
Path specific indirect effect is the indirect effect through the new variable(s) added only and not through other mediators or through the joint 

pathways of the new variable(s) with prior mediators.

d
The indirect effect is the cumulative indirect effect of the variables selected as mediators in a given step and all preceding steps.

e
The direct effect is the remaining direct effect through all other non-mediated pathways.

f
Total effect is calculated as log(Indirect Effect HR) + log(Direct Effect HR).

g
Percent (%) mediated is calculated as log(indirect effect HR)/log(total effect HR).

h
Path Specific (%) mediated is calculated as log(path specific indirect effect HR)/log(total effect HR).
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Table 3.

Sequential Multiple Mediation
a
 of the Effect of Race on Ovarian Cancer Survival using a multiple mediator 

method11

Step
b Mediator(s) 

Added
Individual IE 

HR
c

Cumulative IE 

HR
d

Direct Effect 

HR
e

Total Effect 

HR
f % Mediated

g Individual % 

Mediated
h

1 College 1.00 (0.99, 1.01) 1.00 (0.99, 1.01) 1.21 (1.05, 
1.40)

1.21 (1.05, 
1.40)

−0.1 (1.9) −0.1 (1.9)

2 Nulliparity 1.01 (1.00, 1.02) 1.01 (1.00, 1.02) 1.20 (1.04, 
1.39)

1.21 (1.05, 
1.40)

3.9 (4.3) 4.1 (4.0)

3 Smoking 1.00 (0.99, 1.01) 1.01 (1.00, 1.02) 1.20 (1.04, 
1.38)

1.20 (1.05, 
1.39)

3.5 (4.6) −0.6 (2.2)

4 BMI 1.02 (1.00, 1.04) 1.02 (1.00, 1.05) 1.17 (1.01, 
1.35)

1.19 (1.04, 
1.38)

12.2 (12.9) 9.0 (10.2)

Diabetes

Diabetes/Race 
Interaction

5 PMH Duration 1.03 (1.01, 1.05) 1.05 (1.02, 1.09) 1.13 (0.98, 
1.32)

1.19 (1.03, 
1.39)

28.8 (22.3) 15.2 (13.5)

PMH Duration/
Race Interaction

PMH 
Duration/Age 
Interaction

6 Histotype 1.04 (1.00, 1.09) 1.11 (1.05, 1.18) 1.13 (0.98, 
1.32)

1.26 (1.09, 
1.47)

46.7 (23.8) 18.5 (13.5)

Stage

BMI: body mass index; CI: Confidence Interval; HR: hazard ratio; IE: indirect effect; PMH; post-menopausal hormone.

a
Confounders adjusted for in the model include year of diagnosis, age at diagnosis, site, and area deprivation index (ADI).

Bold numbers reflect statistically significant values.

b
Sequential order in which the selected mediators were added to the model. Model also includes variables in all preceding steps.

c
Individual indirect effect is the indirect effect of the new variable(s) added into each step.

d
The cumulative indirect effect is the cumulative indirect effect of the variables selected as mediators in a given step and all preceding steps.

e
The direct effect is the remaining direct effect through all other non-mediated pathways.

f
Total effect is calculated as log(Indirect Effect HR) + log(Direct Effect HR).

g
Percent (%) mediated is calculated as log(indirect effect HR)/log(total effect HR).

h
Individual (%) mediated is calculated as log(individual indirect effect HR)/log(total effect HR).
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