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ABSTRACT (word count: 237)
Objective: Social determinants of health (SDH) have been shown to correlate with adverse cancer outcomes.
It is unclear if their impact goes beyond behavioral risk or healthcare access. We aimed to evaluate the
association of SDH with endometrial cancer outcomes in a public healthcare system.
Design and Setting: A retrospective cohort study of endometrial cancer patients in Ontario, Canada.
Population: Women diagnosed with endometrial cancer in Ontario between 2009-2017.
Methods: Clinical and sociodemographic variables were extracted from administrative databases. Validated marginalization scores for material deprivation, residential instability and ethnic concentration were
used. Associations between marginalization and survival were evaluated using log-rank testing and Cox
proportional hazards regression.
Results: 20228 women with endometrial cancer were identified. Fewer patients in marginalized communities
presented with early disease (70% vs. 76%, p<0.001) and received surgery (89% vs. 93%, p<0.001). Overall
survival was shorter among marginalized patients (p<0.001). On multivariable analysis adjusted for patient
and disease factors, overall marginalization (HR=1.22, 95% CI 1.03-1.08), material deprivation (HR=1.22,
95% CI 1.10-1.35) and residential instability (HR=1.32, 95% CI 1.19-1.46) were associated with increased
risk of death (p<0.001).
Conclusions: Socioeconomic marginalization is associated with an increased risk of death in endometrial
cancer patients. Targetable events in the cancer care pathway should be identified to improve health equity
Funding: This study was supported by a grant (#RD-196) from the Hamilton Health Sciences Juravinski
Hospital and Cancer Center Foundation
Keywords: uterine cancer, endometrial cancer, social determinants of health
Tweetable abstract: Even in a public healthcare system with few barriers to care, socioeconomic marginalization is linked with an increased risk of death among endometrial cancer patients.
INTRODUCTION
The World Health Organization and National Cancer Institute have identified Social Determinants of Health
(SDH) as a broad constellation of social, cultural and financial conditions that have a profound influence on
the trajectory of health and healthcare1–3 . Significantly, SDH are recognized as impactful forces across the
cancer care pathway 4–6 . Health disparities have been identified both at the global and individual levels, with
an inequitable distribution of disease burden and disparate outcomes 7–10 . The international community has
recognized that these disparities need to be prioritized in national and international cancer control programs
4,9,11
.
Endometrial cancer is the most common gynecologic cancer in women in North America 12 , and ranks sixth
most common among all cancers in women worldwide 9 . Unlike many cancers extensively studied in health
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equity research, endometrial cancer has few behavioral risk factors and no screening program; increased
risk and poor compliance with screening are therefore unlikely to play a role in any associations of disease
outcomes with social or cultural marginalization. In spite of this, correlations between sociodemographic
factors and endometrial cancer presentation 13–17 , management 18–23 and prognosis13,18,24,25 have been shown
in some studies.
The majority of publications evaluating the associations between social determinants of health (SDH) and
endometrial cancer outcomes originate in the United States 13,18,20,24–27 , where socioeconomic factors often
directly drive access to, and quality of care. In Canada, Ontario’s population is in many ways comparable
to the US population 28 , but its healthcare system is publicly funded and offers universal access. Despite
reduced socioeconomic barriers to healthcare, disparities have been demonstrated for some cancers in Ontario
8,29,30
; however, no evaluation of SDH and endometrial cancer outcomes in Canada has been published to
date.
Understanding the associations between SDH and endometrial cancer outcomes in a universal access healthcare system could elucidate the mechanisms of impact of these patient factors on disease trajectory, and
present opportunities for improved patient and provider education and advocacy, distribution of resources
and the promotion of health equity. The primary objective of this study was to evaluate the association
between social determinants of health and survival among endometrial cancer patients in Ontario, Canada.
METHODS
A population-based retrospective cohort study of endometrial cancer patients was conducted in the province
of Ontario, Canada. Women with endometrial cancer diagnosed 2009-2017 were identified from the Ontario
Cancer Registry, which uses a rapid case ascertainment system to capture all cancer diagnoses in the province
based on pathology reports as well as admission and discharge databases, regional cancer treatment reports
and death certificates 31 , and has undergone rigorous quality analysis as part of a global cancer surveillance
project32 . All uterine endometrial cancer histologies were included, but uterine sarcomas were excluded.
Populations excluded from Ontario’s provincial administrative healthcare databases, including incarcerated
persons, Canadian armed forces and Indigenous people living on Reserves whose healthcare is federally
funded, were not included in the study population. The timeframe chosen was selected to reflect a period in
which stage information began to be systematically entered in the Ontario Cancer Registry, and was cut off
to allow for latency in reporting.
The study, using de-identified secondary data analysis, was reviewed and exempted by the Hamilton Health
Sciences integrated research ethics board (#7732-C).
Data sources:
We obtained linked administrative data through IC/ES, formerly known as the Institute of Clinical and Evaluative Sciences of Ontario. Demographic data was available from the Ontario Registered Person Database.
The modified Charlson-Deyo comorbidity score was calculated based on diagnoses registered for patients at
hospital admissions in the year preceding surgery 33 . Severe obesity (class 3 obesity, BMI>40 according
to the CDC classification) was collected from unique surgical and anesthesia billing codes. Procedures and
treatments were extracted from the Ontario Health Insurance Plan databases, used for documenting and
billing all healthcare interactions by providers, and from the Discharge Abstract Database maintained by
the Canadian Institute of Health Information (CIHI). Cancer diagnoses and histologies, as well as stage
information, is collected by Cancer Care Ontario (CCO) in the Ontario Cancer Registry. CCO collects stage
data based on the staging criteria of the American Joint Committee on Cancer or the Collaborative Stage
initiative. For cases with more than one valid stage value, a resolved “best stage” is derived based on a
pre-specified algorithm. Overall survival, from diagnosis to death, was defined as the primary outcome for
this analysis.
Exposure variables, including marginalization scores, income quintiles and rural vs. urban residency, are
neighborhood-based and assessed using conversion software from Statistics Canada to match individuals’
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postal codes to small geographical units (Census Tracts and Dissemination Area)34 . The Marginalization
Score is an Ontario adaptation of the Canadian Marginalization Index previously validated for health research in Ontario and includes domains of material deprivation, residential instability, dependency and
ethnic concentration35 . The residential instability index reflects housing instability, number of residents
per dwelling, family unit size and composition. The material deprivation index includes information on
education, income, government support and unemployment. The ethnic concentration index reflects the
proportion of new immigrants (< 5 years) in the community and those who self-identify as a minority. The
dependency index reflects the proportion of seniors and dependent minors in the community; since uterine
cancer is prevalent in women in their 60s and 70s and is uncommon in young women, the dependency scale
was not considered relevant in this population and was therefore not used in this analysis. Each of the
three domains in the index were evaluated separately and as a combined summary marginalization score, as
previously reported 35 . Marginalization indices are reported in quintiles, where quintile 5 reflects the highest
degree of marginalization.
Statistical Analysis:
Descriptive statistics were used to summarize patient, tumor and treatment characteristics as well as outcomes. A summary marginalization score combined scores from the three marginalization domains considered in this analysis (material deprivation, residential instability and ethnic concentration). Patients were
stratified by marginalization quintiles and their characteristics were compared using the chi-square test for
categorical and ordinal data or Wilcoxon rank sum test for continuous data.
The primary outcome was defined as overall survival from the date of endometrial cancer diagnosis to the
date of death, as recorded in the Registered Persons Database. Survival was estimated using the KaplanMeier method and compared across groups using the log-rank test. Cox regression methods were used to
assess factors associated with survival in the study population after verification of the proportional hazards
assumption. Variables incorporated in the analyses included patient factors, such as age, comorbidity score,
obesity, income and rurality, as well as marginalization indices; and disease factors, such as histology, stage,
and previous history of cancer. Confidence intervals were constructed for statistics of interest. All tests
and confidence intervals were two-sided and defined at the α=0.05 level of significance. All analyses were
performed using SAS version 9.2 (SAS Institute, Cary, NC) and R (www.r-project.org).
Funding
This study was supported by a grant (#RD-196) from the Hamilton Health Sciences Juravinski Hospital
and Cancer Center Foundation. The foundation awarding the grant uses a structured external peer reviewed
process for scientific quality and prioritization in order to select projects meriting funding. The foundation
otherwise plays no role in conducting the research funded or in presenting it.
RESULTS
A total of 20,228 women diagnosed with endometrial cancers between 2009-2017 were identified (Figure
1). Demographic, clinical and surgical data for patients stratified by a summary marginalization score
are presented in Table 1. The highest quintile (Q5) represents patients living in the most marginalized
neighborhoods.
Age distribution was slightly skewed, with more patients over seventy in the highest marginalization quintile.
Highly marginalized patients were likely to be urban residents. Highly marginalized patients had more
comorbidities as reflected by higher Charlson scores (20% versus 27% had a score of 0 in the most and least
marginalized quintiles, p<0.001), but severe obesity (BMI>40) was evenly distributed across quintiles.
Of patients with known cancer stage (n=14318), 74% (10,508) were diagnosed with stage I disease. 73%
(14,810/20,228) of endometrial cancers were of endometrioid histology. Patients in the most marginalized
neighborhoods were more likely to present at more advanced stages: of patients with known stage, 70%
(1506/2138) of patients in quintile 5 presented with stage I disease, as compared to 76% (2281/3023) of
patients in quintile 1 (p<0.001). Highly marginalized patients were also less likely to be treated surgically
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for their disease: 11% (332/3111) of patients in the highest marginalization quintile did not receive surgery,
as compared to 7% (299/4107) of patients in the lowest quintile (p<0.001).
Figure 2 shows Kaplan-Meier survival curves of patients from diagnosis of endometrial cancer, by summary marginalization quintile. Marginalized patients had significantly worse overall survival (log-rank test,
p<0.001). 5-year survival was 77% (95% CI, 75-79) among the most highly marginalized patients (quintile
5) as compared to 83% (95% CI, 81-84) among the least marginalized patients (quintile 1), p<0.001.
Regression analyses of patient- and disease-dependent factors associated with overall survival are shown in
Table 2. On univariable analysis, income quintile, as well as two of three marginalization domains assessed
(material deprivation and residential instability), were significantly associated with the risk of death (p<0.001
for all), as was the summary marginalization score. On multivariable analysis, after adjustment for year of
diagnosis, age, Charlson score, obesity, prior cancer diagnosis, disease histology and stage, marginalization
remained a significant independent predictor of survival, with a hazard ratio of 1.05 per quintile for death
(95% CI, 1.03-1.08, p<0.001). This translates into a hazard ratio of 1.22 when comparing the highest and
lowest marginalization quintiles. Individual marginalization indices, including material deprivation (Q5 vs
Q1: HR=1.32, 95% CI, 1.19-1.46) and residential instability (Q5 vs Q1: HR=1.22, 95% CI, 1.10-1.35) were
also significantly associated with death after adjustment for year of diagnosis, age, Charlson score, obesity,
prior cancer diagnosis, disease histology and stage (Table 3). The ethnic concentration index was not found
to be prognostic for the risk of death either on univariable analysis or on multivariable analysis.
DISCUSSION
Main findings
Our analysis highlights a strong and independent association between social marginalization, as quantified
by the Ontario Marginalization Index, and overall survival among endometrial cancer patients in Ontario’s
public healthcare system. Living in highly marginalized neighborhoods is associated with more limited
survival in this patient population, even after adjusting for patient age, comorbidities, obesity, and disease
factors such as histology and stage.
Interpretation
These findings reinforce information available from other contexts. Population studies from the US have
consistently shown that socially and financially disadvantaged endometrial cancer patients have more limited prognosis. Two large studies using the National Cancer Database (NCDB) to evaluate endometrial
cancer patients found that Black race, insurance status, lower income and education were all independently
associated with increased mortality 18,20 . Similarly, a Surveillance, Epidemiology and End Results (SEER)
cancer database study evaluating a large endometrial cancer cohort with long term follow up26 reported
higher overall and cancer-specific mortality among Black patients, and tied this to disparities in presentation
and treatment. However, publications from the US may not be transferrable to the Canadian context, due
to the complexity of the American healthcare payer system and financially-driven barriers to access.
American data on the association between SDH and endometrial cancer outcomes focuses heavily on racial
marginalization13,18,20,24,26,27 . Race differs from ethnicity6 and is not routinely collected in Canadian administrative and healthcare databases. Our findings did not support an association between ethnic marginalization and overall survival in Ontarian women with endometrial cancer. The ethnic concentration domain
of the Canadian Marginalization Index reflects the concentration of self-identified ethnic minorities and new
immigrants in the community35 . We postulate that the healthy immigrant effect may partially counterbalance the effects of social, cultural and financial marginalization often associated with ethnic concentration36 .
In support of this, a targeted analysis of immigration status in our patient population found that recent
immigration to Canada is, in fact, associated with improved overall survival (HR=0.58 for new residents
within 5 years, p=0.002).
Data from other jurisdictions with public healthcare systems are also consistent with our findings in Ontario:
Population-based studies from Sweden 17 and from the UK 16 have described higher rates of advanced-stage
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endometrial cancer among socially disadvantaged women; however, disease outcomes were not compared in
these studies. Cooper et al report data from national statistics, including over 53,000 endometrial cancer
patients, in England and South Wales 37 between 1986-1999; they note a deprivation gap in endometrial
cancer survival which has not narrowed over the 15-year study period. Finally, a comprehensive cancer
registry study from Australia 38 demonstrates a significant excess risk of death in disadvantaged endometrial
cancer patients from communities with low levels of educational attainment and skilled employment.
Disparities in cancer incidence and outcomes in marginalized populations have been linked to adverse health
behaviors 39 , and many publications on the association of SDH with cancer outcomes evaluate diseases with
behavioral risk factors, such as lung cancer, head and neck tumors and cervical cancer rates7,40–42 . We
chose to focus on a neoplasm which is not associated with smoking or with sexual behavior in an attempt
to mitigate confounders. However, obesity is a well-established risk factor for endometrial cancer 43–46 and
has consistently been linked to social marginalization 47 . We did not have access to individual-level BMI,
but were able to capture severe obesity (BMI>40) through billing codes. We found that severe obesity was
inversely associated with the risk of death; this may be explained by the fact that obesity increases the risk
for estrogen-dependent tumors 43–46 , which are primarily well-differentiated and carry a better prognosis.
This hypothesis is supported by the findings on multivariable analysis, where the association between obesity
and improved survival did not persist when adjusted by disease histology and stage.
Strengths and Limitations
This is a robust population-based study, evaluating a large sample of patients and a broad spectrum of
socio-demographic, clinical and pathological information through administrative databases that have been
previously validated for healthcare research. The focus on endometrial cancer in a public healthcare system
mitigates some common confounders in population studies on cancer care disparities. Finally, the use of
validated Canadian measures of marginalization 35 provides a unique opportunity to evaluate associations
between inherently complex social, educational, financial and cultural barriers and cancer outcomes.
However, there are limitations to this study design which should be acknowledged. Many exposure variables,
including marginalization indices, are based on neighborhood or community characteristics, which may create
misclassification bias when assessing individual patients. Moreover, stage information and Charlson scores
were missing in a large proportion of the women, though missing information was evenly distributed between
marginalization quintiles. We were not able to conduct an analysis of recurrence rates and cancer-specific
survival because recurrence are not captured in the Ontario cancer registry and because secondary causes of
death are not reliably documented in death certificates. Although overall survival is considered an important
and reproducible outcome in oncology, competing causes of death may confound the interpretation of this
endpoint, especially in the endometrial cancer patient population 48,49 . Lastly, the association between
marginalization and survival is confounded by other factors associated with SDH, including adverse health
behaviors, stress, and chronic diseases and their sequelae, which we were not able to control for.
Conclusion
In this study, we demonstrate that social marginalization adversely impacts overall survival in endometrial
cancer patients, independent of disease stage and other patient factors. Our study mitigates some of the
confounders that commonly challenge health equity research in cancer care. Opportunities to reduce disparities in cancer outcomes exist across the entire disease trajectory, from prevention through early detection,
access to care and healthcare utilization, treatment and survivorship. Further study is needed to identify
targetable events in the cancer care pathway, and to assess the efficacy of healthcare systems interventions,
in order to narrow the social chasm in cancer outcomes.
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Table 1: Characteristics of study population, stratified by summary marginalization quintile.
Marginalization Marginalization Marginalization
Quintilea
Quintilea
Quintilea

Age

N (%)
18-39 40-49
50-59 60-69
70-79 80+

Charlson
Score

0 1-2 3+ No
Admissionb

Severe
Obesity
Income
Quintile

BMI>40

Rural
Residence
Histology

12345

Endometrioid
Serous Mixed
Carcinosarcoma
Clear Cell
Undifferentiated
Other/Missing

Q1
4107
48 (1.2) 255
(6.2) 1176 (28.7)
1507 (36.7) 831
(20.2) 290 (7.1)
1102 (26.8) 886
(21.6) 176 (4.3)
1943 (47.3)
718 (17.5)

Q3
4731
105 (2.2) 371
(7.8) 1261 (26.7)
1624 (34.3) 919
(19.4) 451 (9.5)
1093 (23.1) 1112
(23.5) 279 (5.9)
2247 (47.5)
836 (17.7)

Q5
3111
82 (2.6) 257
(8.2) 835 (26.8)
1065 (34.2) 556
(18.9) 316 (10.2)
629 (20.2) 740
(23.8) 204 (6.6)
1538 (49.4)
558 (17.9)

30 (0.7) 210
(5.1) 587 (14.3)
1172 (28.5) 2107
(51.3)
877 (21.4)

539 (11.4) 1287
(27.2) 1452
(30.7) 959 (20.3)
493 (10.4)
507 (10.7)

1986 (64.0) 771
(24.9) 207 (6.7)
86 (2.8) 53 (1.7)

<0.001

NR

<0.001

3095 (75.4) 153
(3.7) 60 (1.5) 248
(6.0) 164 (4.0) 54
(1.3) 333 (8.1)

3409 (72.1) 194
(4.1) 67 (1.4) 355
(7.5) 180 (3.8) 60
(1.3) 466 (9.9)

2199 (70.7) 305
(9.8) 241 (7.8)
147 (4.7) 43 (1.4)
58 (1.9) 118 (3.8)

<0.001

10

p-value
<0.001

<0.001

0.80
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Marginalization Marginalization Marginalization
Quintilea
Quintilea
Quintilea
Stage

Prior
Cancerc
No Surgery
Performed
Surgery
>180d after
diagnosis
MISd
Surgeon
Specialty

Hospital Type
for Surgery

1 2 3 4 Unknown

Gynecologic
Oncologist
General
Gynecologist
Other/Unknown
Community
Teaching
Other/Unknown

2281 (55.5) 264
(6.4) 298 (7.3)
180 (4.4) 1084
(26.4)
224 (5.5)

2419 (51.1) 325
(6.9) 364 (7.7)
174 (3.7) 1449
(30.6)
219 (4.6)

1506 (48.4) 195
(6.3) 289 (9.3)
148 (4.8) 973
(31.3)
151 (4.9)

0.42

299 (7.3)

435 (9.2)

332 (10.7)

<0.001

81 (2.0)

113 (2.4)

84 (2.7)

1374 (36.1)
1574 (41.3) 1971
(51.8) 273 (6.9)

1629 (37.9)
1711 (39.8) 2258
(52.6) 327 (7.7)

1097 (39.5)
1196 (43.0) 1370
(49.3) 213 (7.6)

0.006
<0.001

1912 (50.2) 1556
(40.9) 340 (9.0)

2322 (54.1) 1562
(36.4) 412 (9.6)

1261 (45.4) 1204
(43.3) 314 (11.3)

<0.001

<0.001

a

Q1- lowest marginalization quintile, least marginalized; Q5- highest marginalization quintile, most marginalized.
Summary score including material deprivation, ethnic concentration and residential instability domains is
used.
b
c

no admission in the year preceding surgery precludes a calculation of the Charlson-Deyo comorbidity score

Prior cancer within 5 years of diagnosis

d

MIS – Minimally Invasive Surgery

Table 2: Cox regression analysis of factors associated with overall survival.
Univariable and multivariable regression analyses of patient- and disease-dependent predictors of survival
including marginalization indices.
Factor

Comparison

Year of
Diagnosis
Age Group

/ year

Charlson
Score

0 1-2 3-4 5+ No
Admissiona

/ age group

Univariable

Univariable

Multivariable

Multivariable

Hazards Ratio
(95% CI)
0.97 (0.96,
0.99)
1.41 (1.38,
1.43)
0.90 (0.83, 0.98)
1.00 (0.92, 1.08)
1.61 (1.41, 1.83)
4.78 (4.02, 5.68)
Reference

p-value

Hazards Ratio
(95% CI)
0.96 (0.94,
0.97)
1.34 (1.31,
1.36)
0.87 (0.80, 0.95)
0.96 (0.88, 1.04)
1.34 (1.17, 1.53)
2.16 (1.81, 2.58)
Reference

p-value

11

<0.001
<0.001
<0.001

<0.001
<0.001
<0.001
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Factor

Comparison

Univariable

Univariable

Multivariable

Multivariable

Severe
Obesity
(BMI>40)
Histology

Yes vs No

0.54 (0.48,
0.59)

<0.001

0.93 (0.84,
1.03)

0.17

Endometrioid
Serous Mixed
Carcinosarcoma
Clear Cell
Undifferentiated
Other/Missing

Reference 5.26
(4.82, 5.74) 2.30
(2.05, 2.58) 7.33
(6.60, 8.15) 4.23
(3.48, 5.15) 13.45
(11.62, 15.57)
4.91 (4.36, 5.52)
Reference 2.33
(2.05, 2.65) 5.33
(4.84, 5.87) 20.45
(18.53, 22.57)
2.52 (2.32, 2.74)
1.94 (1.73,
2.18)
0.93 (0.91,
0.96)
0.98 (0.89,
1.08)
1.08 (1.05,
1.10)

<0.001

Reference 3.59
(3.22, 4.01) 2.06
(1.69, 2.51) 1.77
(1.58, 1.99) 3.07
(2.72, 3.46) 2.41
(2.20, 2.65) 7.11
(6.11, 8.26)
Reference 1.88
(1.65, 2.14) 3.54
(3.21, 3.92) 10.23
(9.19, 11.39)
2.28 (2.09, 2.49)
1.30 (1.15,
1.47)

<0.001

/ quintile

Best Stage

1 2 3 4 Unknown

Prior Cancer

Yes vs No

Income
Quintile
Rural
Residence
Material
Deprivation
Quintile
Ethnic Concentration
Quintile
Residential
Instability
Quintile
Summary
Marginalization
Quintileb

/ quintile

<0.001

<0.001
<0.001

c

0.67

c

<0.001

c

1.01 (0.99,
1.03)

0.41

c

/ quintile

1.11 (1.08,
1.13)

<0.001

c

/ quintile

1.09 (1.07,
1.12)

<0.001

1.05 (1.03,
1.08)

Yes vs No
/ quintile

<0.001

<0.001

<0.001

a

no admission in the year preceding surgery precludes a calculation of the Charlson-Deyo comorbidity score

b

Summary score includes material deprivation, ethnic concentration and residential instability domains

c

Individual marginalization indices, income quintiles and rurality were not included in the multivariable
model due to significant collinearity between them.
Table 3: Cox regression analysis of the association of overall survival with individual marginalization domains.
Multivariable regression analyses for each marginalization domain, adjusted for other patient- and diseasedependent factors as listeda .

12

quintile

Residential Instability

12345

Material Deprivation

12345

Ethnic Concentration

12345

a

Hazards Ratio (95%
CI)
Reference 1.12 (1.00,
1.25) 1.04 (0.93, 1.17)
1.19 (1.06, 1.32) 1.32
(1.19, 1.46)
Reference 1.06 (0.95,
1.17) 1.07 (0.96, 1.19)
1.09 (0.98, 1.21) 1.22
(1.10, 1.35)
Reference 0.97 (0.88,
1.07) 0.98 (0.88, 1.08)
0.96 (0.87, 1.07) 1.02
(0.92, 1.12)

p-value
<0.001

<0.001

0.74

Model adjusted for year of diagnosis, age, Charlson score, obesity, prior cancer diagnosis, stage and histology.

FIGURE CAPTIONS
Figure 1. STROBE flow diagram of cases included in the analysis.
Figure 2. Overall survival by marginalization quintile.
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Kaplan-Meier survival curves of patients, stratified by marginalization quintile. Log rank test, p<0.0001.
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21,636 cases identified
1313 excluded:
sarcomas, preinvasive
disease

20,323 endometrial
cancers
95 missing SDH
information

20,228 endometrial
cancers included in
analysis
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