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Abstract
Background At time of myomectomy, a surgical procedure to remove uterine fibroids, Black women tend to have 
larger uteri than White women. This makes Black patients less likely to undergo a minimally invasive myomectomy 
which has been shown to have less postoperative pain, less frequent postoperative fever and shorter length of stay 
compared to abdominal myomectomies. The associations between individual financial toxicity and community area 
deprivation and uterine volume at the time of myomectomy have not been investigated.

Methods We conducted a secondary data analysis of patients with fibroids scheduled for myomectomy using 
data from a fibroid treatment registry in [location]. We used validated measures of individual-level Financial Toxicity 
(higher scores = better financial status) and community-level Area Deprivation (ADI, high scores = worse deprivation). 
To examine associations with log transformed uterine volume, we used linear regression clustered on race (Black vs. 
White).

Results Black participants had worse financial toxicity, greater deprivation and larger uterine volumes compared with 
White participants. A greater Financial Toxicity score (better financial status) was associated with lower uterine volume. 
For every 10 unit increase in Financial Toxicity, the mean total uterine volume decreased by 9.95% (Confidence 
Interval [CI]: -9.95%, -3.99%). ADI was also associated with uterine volume. A single unit increase in ADI (worse 
deprivation) was associated with a 5.13% (CI: 2.02%, 7.25%) increase in mean uterine volume.

Conclusion Disproportionately worse Financial Toxicity and ADI among Black patients is likely due to structural 
racism – which now must be considered in gynecologic research and practice.

Trial Registration Not applicable.
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      Introduction
Uterine leiomyomas (fibroids) are benign uterine neo-
plasms that commonly cause abnormal uterine bleeding 
and bulk symptoms that can include pelvic pain, urinary 
frequency and constipation [1]. There are various racial 
disparities in the incidence and treatment of fibroids. 
Approximately 70% of White women and more than 80% 
of Black women will have had fibroids by the time they 
reach menopause [2]. At the time of treatment, Black 
women tend to have more and larger fibroids than White 
women [3–6]. Black women are more likely than White 
women to schedule uterine-sparing treatments (e.g., 
myomectomy and uterine artery embolization vs. hyster-
ectomy – the removal of the uterus) [7].

Myomectomy is a uterine-sparing treatment in which 
fibroids are “shelled out” of the uterus either laparo-
scopically, through small minimally invasive incisions, 
or through a laparotomy, which requires an open vertical 
or horizontal incision across the abdomen. Patients with 
very large uteri are less likely to have a minimally invasive 
myomectomy compared with patients with smaller uteri. 
Minimally invasive myomectomy has been shown to have 
less postoperative pain, less frequent postoperative fever 
and shorter length of stay in the hospital compared with 
all abdominal myomectomies [8]. Black patients tend 
to have larger uteri than White patients at the time of 
fibroid treatment and these larger uteri could decrease 
the patients’ likelihood of experiencing the benefits of 
minimally invasive myomectomy.

We do not know why Black women tend to have larger 
uteri at the time of fibroid treatment. When, how, and 
why women seek care for their fibroids is not well under-
stood. Half of women with fibroids are undiagnosed [9] 
even though many women with undiagnosed fibroids 
report having fibroid symptoms [10]. Anecdotally, we 
have observed that women having a myomectomy at 
our urban hospital, Henry Ford Hospital in Detroit, MI, 
have larger uteri at the time of surgery compared with 
women having surgery at our suburban hospital, Henry 
Ford West Bloomfield Hospital. The patient populations 
differ across these hospitals with respect to socioeco-
nomic factors that could influence the patients’ abilities 
to seek care. We investigated whether these factors were 
associated with uterine size at time of treatment. More 
specifically, using data from participants in the Compar-
ing Options for Management: PAtient-Centered REsults 
for Uterine Fibroids (COMPARE-UF) fibroid treatment 
registry enrolled at Henry Ford Health (HFH) who had 
a myomectomy, we examined the associations between 
Financial Toxicity, an individual-level measure of finan-
cial distress related to medical treatment [11], and the 
Area Deprivation Index (ADI) [12, 13], a community-
level measure that is a composite score of 17 indicators 
of socioeconomic disadvantage, and uterine volume 

calculated from imaging details abstracted from par-
ticipant medical records [12, 14]. We are just beginning 
to investigate how stress may affect fibroid formation 
and growth and area-based community-level factors are 
an important stress pathway [15, 16]. Understanding 
an individual’s and an area’s socioeconomic status may 
improve care, for example, access to treatments has been 
shown to be limited due to high procedural costs [17]. 
Further, including individual and composite proxy mea-
sures of area socioeconomic status into the electronic 
medical record is increasingly being implemented to 
improve quality of care [17–19].

Materials and methods
We conducted a secondary analysis using data from a 
single longitudinal cohort, COMPARE-UF registry site 
HFH in Metropolitan-Detroit, Michigan. COMPARE-UF 
is a multi-site registry across the United States comprised 
of eight clinical sites and two additional UAE specialty 
clinics. Women scheduled for a fibroid treatment from 
January 2017 through December 2019 were invited to 
complete a baseline survey that included validated mea-
sures of quality of life, financial toxicity, mental health, 
and sociodemographic and reproductive history [14, 20–
23]. As part of COMPARE-UF protocols, chart review 
was conducted for each participant’s treatment at base-
line, including treatment details and uterine and fibroid 
characteristics. Uterine dimensions were taken from the 
participant ultrasounds. Eligible women were 18–55 
years of age at the time of fibroid treatment. Full study 
details have been described previously [7, 24–27]. Black 
and White women that had a myomectomy by any sur-
gical approach were included in these analyses. Analyses 
were limited to those patients who had a myomectomy 
because uterine size can affect whether or not the patient 
may have a minimally invasive surgical approach. Uterine 
size does not affect the approaches of other uterine-pre-
serving fibroid treatments. This study was approved by 
the local institutional review board and all participants 
provided informed consent.

The dependent variable for these analyses was uterine 
volume (cm3). Uterine volume was measured by multi-
plying the maximum length, anteroposterior, and trans-
verse diameters of the uterus, as estimated by ultrasound, 
before multiplying by 0.52 to estimate a prolate ellipsoid 
[28]. The dependent variable was log transformed to 
improve model fit.

The independent variables were financial toxicity and 
area deprivation [13, 14, 29, 30]. Financial toxicity was 
measured using the COmprehensive Score for Financial 
Toxicity (COST) scale. COST is a self-reported outcome 
measure that describes financial distress. Participants 
are asked to answer 12 questions on a five-point Likert 
scale from “not at all” (0) to “very much” (4) as it applies 
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to the previous seven days. Questions include “I know I 
have enough money in savings, retirement, or assets to 
cover the costs of my treatment” and “I am concerned 
about keeping my job and income, including work at 
home”. Higher scores indicate better financial well-being 
(i.e., less toxicity). Area deprivation was measured using 
the ADI available through the Neighborhood Atlas, from 
the University of Wisconsin-Madison School of Medi-
cine and Public Health. The ADI is validated and allows 
for ranking of neighborhoods by socioeconomic dis-
advantage down to the census block group level using 
American Community Survey 5-year data. It includes a 
linear combination of 17 US Census indicators of income, 
education, employment, and housing quality (Supple-
mental Table 1) [30, 31]. Area-level composite measures 
of socioeconomic status, such as the ADI, are typically 
considered more robust [32]. The ADI for this study was 
measured by mapping individual-level address data to 
census block groups using publicly available ADI deciles 
through ArcGIS [33]. The ADI is available within a state 
as deciles from one to ten. Higher scores on the ADI indi-
cate more disadvantage.

We used counts and percentages and means and stan-
dard deviations to describe the study population over-
all and by race. Age (continuous and categorical, years), 
ethnicity (Hispanic vs. non-Hispanic), insurance type 
(private vs. other, which includes Medicaid, Medicare, 
uninsured, and “other” categories), relationship status, 
education level, body mass index (BMI; kg/m2), previ-
ously pregnant (yes vs. no), number of fibroids measured 
(continuous), financial toxicity, uterine volume (cm3), 
and area deprivation. To compare distributions of these 
variables between Black and White racialized groups, we 
used Pearson chi-square tests and the Wilcoxon rank-
sum statistics for categorical variables and continuous 
variables, respectively.

We used unadjusted linear regression clustered on 
patient race to estimate associations and 95% confidence 
intervals (CI). Clustering is a robust regression method 
and allows for correction of standard error estimates 
when a statistical model assumption might be violated 
(e.g., variance-covariance matrix), by “relaxing” the 
assumption of independence [34]. All analyses were per-
formed using Stata SE 17 [35]. We chose to cluster on 
race as we believed that patients who are Black are more 
similar to other patients who are Black and patients who 
are White are more similar to other patients who are 
White with respect to ADI and Financial Toxicity and 
uterine volume.

Results
Among the 623 COMPARE-UF participants, there were 
227 participants who had a myomectomy and self-iden-
tified as either Black (n = 170) or White (n = 57). (Fig.  1) 

The groups were similar in average age and educational 
status. (Table 1) The average age of participants was 39.0 
and 40.3 for Black women and White women, respec-
tively. The percentage of self-reported Non-Hispanic 
ethnicity was also similar for Black (98.2%) and White 
participants (96.5%). Black women were less likely to have 
private insurance (74.7% vs. 86.0%), be married (43.1% vs. 
53.6%), and more likely to have a prior pregnancy (71.4% 
vs. 56.1%) and a higher BMI (32.9 vs. 28.6 kg/m2) com-
pared with White women. Black women had tended to 
have more fibroids and greater total uterine volume at 
time of myomectomy. (Fig.  2) Overall, White women 
had higher financial toxicity scores indicating less dis-
advantage (median (IQR) for White women = 27.8 (11.1) 
and Black women = 24.6 (10.9); p < 0.028) and lower ADI 
(median (IQR) for White women = 3.0 (3.0) and Black 
women = 8.0 (5.0); p < 0.05) compared with Black women. 
(Fig. 2)

In the linear regression model of log transformed 
uterine volume, greater financial toxicity score (i.e., less 
financial burden) was associated with lower uterine vol-
ume (Table 2). For a 10 unit increase in financial toxicity, 
the mean total uterine volume decreased by 9.95%. Sepa-
rately, ADI was associated with uterine volume (Table 2). 
A single unit increase in ADI was associated with a 5.13% 
increase in mean uterine volume (Table 2).

Discussion
In this study of myomectomy patients at a single health 
system, Black participants had larger uterine volumes, 
were more likely to report worse financial status and 
lived in areas with greater deprivation at the time of myo-
mectomy compared with White participants. Financial 
status and area deprivation were also both associated 
with uterine volume. Based on these results, we hypothe-
size that structural racism may lead to disproportionately 
greater area deprivation and worse financial status for 
Black compared with White individuals. In turn, these 
factors create barriers to receiving timely care as women 
can sometimes view their health issues as secondary 
when faced with financial or other challenges, even when 
symptomatic. This delay in obtaining medical care sub-
sequently limits minimally invasive treatment options 
available to Black women as a result of larger uteri at time 
of surgery.

ADI and Financial Toxicity may also represent levels 
of chemical and non-chemical stressors in the commu-
nities of participants that may affect the growth of their 
fibroids through epigenetic mechanisms. For example, 
in Eker rat models, early-life exposure to endocrine dis-
rupting chemicals (e.g., diethylstilbestrol) have been 
shown to increase fibroid penetrance, number, and size 
[36–39]. Further gene mutations, MED12 and HMGA2 
with epigenetic modification by TET3, have been found 
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to contribute to fibroid risk, size, and subtype. [40, 41] 
Additionally, promoter DNA methylation-mediated 
gene silencing may contribute to fibroid etiology in Black 
Women [42]. Disparities in exposure to endocrine dis-
rupting chemicals through racism and segregation may 
have resulted in observed differences in UF by race, 
income, and neighborhood [43–48].

We also think that understanding a patient’s finan-
cial situation and residential environment are impor-
tant components of care and could become part of the 
Meaningful Use data that are routinely collected during 
the patient intake and rooming process. Literature sug-
gests that socioeconomic indicators are good indicators 
to affect patient outcomes and reduce health disparities 
by addressing barriers. For example, provider knowledge 
about financial toxicity may prompt conversations about 
lower priced prescriptions [49].

In analyses of COMPARE-UF participants across all 
sites, Black participants who scheduled a hysterectomy 
had greater uterine volumes and worse financial toxicity 

scores than White participants, but this was not true for 
participants scheduled for uterine artery embolization 
(UAE) [7]. This difference could reflect that historically, 
UAE was not recommended for larger uteri [50]. The 
relationships between financial toxicity and area depri-
vation and uterine size have not yet been investigated 
in these treatment groups. There were too few partici-
pants at our site who had a UAE and therefore we did 
not analyze those data. We are not aware of other stud-
ies of fibroid treatments that have assessed self-reported 
financial impact of treatment with a standardized ques-
tionnaire or examined the role of area deprivation for the 
patients.

Others have also reported on the racial differences in 
uterine size or fibroid characteristics at time of diagno-
sis or treatment. In analyses of data from chart reviews of 
386 women who had a myomectomy at a large academic 
center, African American women (31%; n = 121) had more 
fibroids than White women as determined by both pre-
operative imaging (African American women: 36% with 

Fig. 1 Derivation of the Analytical Population from all Henry Ford Health COMPARE-UF Participants
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3 or more myomas; White women: 19% with 3 or more 
myomas; p < 0.05) and by operative report (> 8 fibroids: 
31% versus 13%; p < 0.05) [3]. In patients scheduled for 
a hysterectomy or myomectomy at George Washington 
University, Black women had bigger uteri than White 
women [4]. These studies did not identify sources of 
the disparities in uterine volume. Importantly, among 

Black people financial toxicity and ADI have been asso-
ciated with other adverse outcomes. For example, worse 
financial toxicity has been associated with risk of triple 
negative breast cancer and gynecologic cancer; [51–53] 
worse ADI has been associated with breast cancer and 
cardiovascular mortality compared with White peo-
ple [54, 55], indicating that the effect of individual and 

Table 1 Baseline Characteristics by Race among Henry Ford Health Myomectomy Patients in the COMPARE-UF Study, N (%) Unless 
Other Statistic Noted in Row

Total Participants
(N = 227)

Black Participants
(N = 170)

White Participants
(N = 57)

N % N % N % p-value
Age (Years), median (IQR) 38.9 (10.2) 38.9 (10.1) 38.9 (11.4) 0.25

Age (Years) 0.41

<=34 66 29.1 51 30.0 15 26.3

35–39 63 27.8 46 27.1 17 29.8

40–44 47 20.7 39 22.9 8 14.0

45–49 32 14.1 22 12.9 10 17.5

50–54 19 8.4 12 7.1 7 12.3

Non-Hispanic 222 97.8 167 98.2 55 96.5 0.44

Insurance Type 0.08

Private 176 77.5 127 74.7 49 86.0

Other 51 22.5 43 25.3 8 14.0

Relationship StatusNA=4 < 0.05

Married 102 45.7 72 43.1 30 53.6

Separated 4 1.8 4 2.4 0 0.0

Divorced 25 11.2 11 6.6 14 25.0

Widowed 5 2.2 4 2.4 1 1.8

Single 87 39.0 76 45.5 11 19.6

Education LevelNA=1 0.32

Less than High School 4 1.8 3 1.8 1 1.8

High School Graduate 33 14.6 27 16.0 6 10.5

Some College 87 38.5 66 39.1 21 36.8

College Graduate 56 24.8 44 26.0 12 21.1

Graduate Degree 46 20.4 29 17.2 17 29.8

Body Mass Index (kg/m2), median (IQR)NA=5 29.9 (10.2) 30.3 (10.7) 28.7 (7.59) < 0.01

Previously PregnantNA=2 152 67.6 120 71.4 32 56.1 < 0.05

Number of Fibroids Measured, median (IQR)NA=12 1.0 (2.0) 2.0 (2.0) 1.0 (1.0) < 0.01

Number of Fibroids Measured < 0.05

1 112 52.1 77 47.0 35 68.6

2 40 18.6 32 19.5 8 15.7

3 29 13.5 26 15.9 3 5.9

4+ 34 15.8 29 17.7 5 9.8

Minimally Invasive Myomectomy 166 73.1 117 68.8 49 86.0

Uterine Volume (cm3), median (IQR)NA=21 682.8 (1102.3) 771.1 (1220.1) 576.6 (519.5) < 0.001

Financial Toxicity, median (IQR)NA=18, a 25.4 (11.0) 24.6 (10.9) 27.8 (11.1) < 0.028

Area Deprivation Index, median (IQR)NA=1, b 6.0 (6.0) 8.0 (5.0) 3.0 (3.0) < 0.05
“Other” Insurance Type: includes Medicaid, Medicare, Uninsured, and “Other”

NA: Missing

IQR: Interquartile Range

Only the first four fibroid dimensions were present, or sample size was too small by race
a Measured by COmprehensive Score for financial Toxicity (COST) (higher score = better). Possible score range is 0–44
bADI: Measured by the Area Deprivation Index (Higher score = worse). Possible score range is 0–10

N = 1 Suppression due to a high group quarters population, grouped into intuitional (e.g., correctional facilities, nursing homes) and non-institutional (e.g., military 
barracks, shelters) [1–3]
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neighborhood-level toxicity and deprivation may have far 
reaching effects on health for Black populations.

Results of these analyses may not be generalizable to 
other regions or patient populations. Unfortunately, we 
did not ask participants to report barriers to care such 
as transportation and the ability to take time away from 
work or other care duties. Although this work is not 
causative, we do think the data presented here provide 
support for this ongoing area of research. For example, 
race is a social construct, does not represent a biological 
variable, and through mechanisms such as structural rac-
ism has contributed to racialized health disparities [56]. 
In particular, historically imposed marginalization (e.g., 
slavery) and individual-level assignment to racial groups 
by phenotypic expression created contemporaneous fac-
tors (e.g., redlining) that have shaped physical, economic, 
social, and neighborhood contexts at the individual (e.g., 
financial toxicity) and ecological-level (e.g., area depriva-
tion) that effect health-related factors (e.g., uterine vol-
ume) [56].

Conclusions
We propose that it is time to stop cataloging these 
racialized differences and begin to conduct the chal-
lenging work of identifying their sources. We think our 
results highlight the importance of including patient 

and community level factors in understanding why 
Black patients have larger uteri at the time of treatment. 
However, understanding the role of structural racism in 
disease development and treatment-seeking and treat-
ment-providing activities is essential. This is of impor-
tance because patients with larger uteri, a group that is 
disproportionately comprised of Black individuals, are 
less likely to have a minimally invasive myomectomy and 
benefit from its faster recovery time and quicker return 
to work further contributing to their financial toxicity.

Abbreviations
ADI  Area Deprivation
COMPARE-UF  Comparing Options for Management:Patient-Centered 

Results for Uterine Fibroids
HFH  Henry Ford Health
COST  Comprehensive Score for Financial Toxicity scale
BMI  Body Mass Index
CI  Confidence Interval
SD  Standard Deviation
UAE  Uterine Artery Embolization
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Table 2 Financial Toxicity and Area Deprivation Index (ADI) and Log Transformed Uterine Volume, Linear Regression with Clustering 
on Race (Black or White)

Uterine Volume (log cm3)
Beta SE 95% CI Percent Change in the mean total 

uterine volume for a 10 unit change 
in the Financial Toxicity Score and 
ADIa

Percent Change 
95% CI

p-value

Financial Toxicityb -0.01 0.002 -0.01, -0.01 -9.95% -9.95%, -3.99% < 0.001

ADIc 0.05 0.01 0.02, 0.07 5.13% 2.02%, 7.25% < 0.001
SE: Standard error

CI: Confidence Interval
a100*ebeta-1 is the percent change in the mean total uterine volume for a 10 unit change in Financial Toxicity
bMeasured by COmprehensive Score for financial Toxicity (COST) (higher score = better financial status)
cADI: Measured by the Area Deprivation Index (Higher score = worse deprivation)

Fig. 2 The Distribution of Total Uterine Volume (cm3) by Race (left). X Axis is Uterine Volume (cm3). The Distribution of Financial Toxicity Score by Race 
(middle). The Distribution of Area Deprivation Index by Race (right). Y Axes are Density of Participants. Black Participants are in Dark Gray and White Par-
ticipants are in Light Gray

 

https://doi.org/10.1186/s12905-023-02761-x
https://doi.org/10.1186/s12905-023-02761-x


Page 7 of 8Bossick et al. BMC Women's Health          (2023) 23:603 

Acknowledgements
Not applicable.

Authors’ contributions
ASB: Conceptualization, formal analysis, writing – original draft. JAA: 
Conceptualization, writing – review and editing. AO: Data curation, writing 
– review and editing. AV: Conceptualization, writing – review and editing, 
GS: writing – review and editing. PC: writing – review and editing. GRW: 
Conceptualization, formal analysis, writing – original draft.

Funding
This research did not receive any specific grant from funding agencies in the 
public, commercial, or not-for-profit sectors.

Data Availability
The deidentified data that support the findings of this study are available 
on request from the corresponding author ASB with appropriate data use 
agreements. The data are not publicly available due to state restrictions 
e.g., data contains information that could compromise research participant 
privacy/consent.

Declarations

Ethics approval and consent to participate
This study was approved by the Henry Ford Health, Detroit MI, institutional 
review board (IRB) and all participants provided informed consent (IRB No. 
9489). All methods were carried out in accordance with relevant guidelines 
and regulations.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 20 February 2023 / Accepted: 3 November 2023

References
1. Stewart EA, Cookson CL, Gandolfo RA, Schulze-Rath R. Epidemiology of 

uterine fibroids: a systematic review. BJOG. 2017;124(10):1501–12.
2. Baird DD, Dunson DB, Hill MC, Cousins D, Schectman JM. High cumulative 

incidence of uterine leiomyoma in black and white women: ultrasound 
evidence. Am J Obstet Gynecol. 2003;188(1):100–7.

3. Kim JS, Qureshy Z, Lazar AA, Chen LL, Jacoby A, Opoku-Anane J, Lager J. 
Rethinking disparities in minimally invasive myomectomy: identifying drivers 
of Disparate Surgical Approach to Myomectomy between African American 
and White women. J Minim Invasive Gynecol. 2022;29(1):65–71e62.

4. Moore AB, Flake GP, Swartz CD, Heartwell G, Cousins D, Haseman JK, Kissling 
GE, Sidawy MK, Dixon D. Association of race, age and body mass index with 
gross pathology of uterine fibroids. J Reprod Med. 2008;53(2):90–6.

5. Zaritsky E, Ojo A, Tucker LY, Raine-Bennett TR. Racial disparities in Route 
of Hysterectomy for Benign indications within an Integrated Health Care 
System. JAMA Netw Open. 2019;2(12):e1917004.

6. Berman JM, Bradley L, Hawkins SM, Levy B. Uterine fibroids in Black women: 
a race-stratified subgroup analysis of treatment outcomes after laparoscopic 
Radiofrequency ablation. J Womens Health (Larchmt). 2022;31(4):593–9.

7. Wegienka G, Stewart EA, Nicholson WK, Zhang S, Li F, Thomas L, Spies JB, Ven-
able S, Laughlin-Tommaso S, Diamond MP, et al. Black women are more likely 
Than White women to schedule a uterine-sparing treatment for Leiomyomas. 
J Womens Health (Larchmt). 2021;30(3):355–66.

8. Bhave Chittawar P, Franik S, Pouwer AW, Farquhar C. Minimally invasive 
surgical techniques versus open myomectomy for uterine fibroids. Cochrane 
Database Syst Rev. 2014;10:Cd004638.

9. West CP, Lumsden MA, Lawson S, Williamson J, Baird DT. Shrinkage of uterine 
fibroids during therapy with goserelin (zoladex): a luteinizing hormone-
releasing hormone agonist administered as a monthly subcutaneous depot. 
Fertil Steril. 1987;48(1):45–51.

10. Wegienka G, Baird DD, Hertz-Picciotto I, Harlow SD, Hartmann KE. Uterine 
leiomyomata (fibroids): are bleeding symptoms more likely to be reported 
after diagnosis? J Clin Epidemiol. 2004;57(3):318–20.

11. de Souza JA, Yap BJ, Wroblewski K, Blinder V, Araújo FS, Hlubocky FJ, Nicholas 
LH, O’Connor JM, Brockstein B, Ratain MJ, et al. Measuring financial toxicity as 
a clinically relevant patient-reported outcome: the validation of the COmpre-
hensive score for financial toxicity (COST). Cancer. 2017;123(3):476–84.

12. Kind AJH, Buckingham WR. Making Neighborhood-Disadvantage Metrics 
Accessible - The Neighborhood Atlas. N Engl J Med. 2018;378(26):2456–8.

13. Kind AJ, Jencks S, Brock J, Yu M, Bartels C, Ehlenbach W, Greenberg C, Smith 
M. Neighborhood socioeconomic disadvantage and 30-day rehospitalization: 
a retrospective cohort study. Ann Intern Med. 2014;161(11):765–74.

14. de Souza JA, Yap BJ, Wroblewski K, Blinder V, Araujo FS, Hlubocky FJ, Nicholas 
LH, O’Connor JM, Brockstein B, Ratain MJ, et al. Measuring financial toxicity as 
a clinically relevant patient-reported outcome: the validation of the COmpre-
hensive score for financial toxicity (COST). Cancer. 2017;123(3):476–84.

15. Vines AI, Ta M, Esserman DA. The association between self-reported major life 
events and the presence of uterine fibroids. Women’s Health Issues: Official 
Publication of the Jacobs Institute of Women’s Health. 2010;20(4):294–8.

16. Vines AI, Nguyen TTX, Ta M, Esserman D, Baird DD. Self-reported daily stress, 
squelching of anger and the Management of Daily Stress and the prevalence 
of Uterine Leiomyomata: the Ultrasound Screening Study. Stress Health. 
2011;27(3):e188–94.

17. Soliman AM, Yang H, Du EX, Kelkar SS, Winkel C. The direct and indirect costs 
of uterine fibroid tumors: a systematic review of the literature between 2000 
and 2013. Am J Obstet Gynecol. 2015;213(2):141–60.

18. Xie S, Himes BE. Approaches to Link Geospatially varying Social, Eco-
nomic, and Environmental Factors with Electronic Health Record Data 
to Better Understand Asthma exacerbations. AMIA Annu Symp Proc. 
2018;2018:1561–70.

19. Xie S, Greenblatt R, Levy MZ, Himes BE. Enhancing Electronic Health 
Record Data with Geospatial Information. AMIA Jt Summits Transl Sci Proc. 
2017;2017:123–32.

20. Spies JB, Coyne K, Guaou Guaou N, Boyle D, Skyrnarz-Murphy K, Gonzalves 
SM. The UFS-QOL, a new disease-specific symptom and health-related qual-
ity of life questionnaire for leiomyomata. Obstet Gynecol. 2002;99(2):290–300.

21. Herve F, Katty A, Isabelle Q, Celine S. Impact of uterine fibroids on quality 
of life: a national cross-sectional survey. Eur J Obstet Gynecol Reprod Biol. 
2018;229:32–7.

22. Herdman M, Gudex C, Lloyd A, Janssen MF, Kind P, Parkin D, Bonsel G, Badia X. 
Development and preliminary testing of the new five-level version of EQ-5D 
(EQ-5D-5L). Qual Life Res. 2011;20(10):1727–36.

23. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression 
severity measure. J Gen Intern Med. 2001;16(9):606–13.

24. Wallace K, Stewart EA, Wise LA, Nicholson WK, Parry JP, Zhang S, Laughlin-
Tommaso S, Jacoby V, Anchan RM, Diamond MP, et al. Anxiety, Depression, 
and quality of life after procedural intervention for uterine fibroids. J Womens 
Health (Larchmt). 2022;31(3):415–24.

25. Laughlin-Tommaso SK, Lu D, Thomas L, Diamond MP, Wallace K, Wegienka G, 
Vines AI, Anchan RM, Wang T, Maxwell GL et al. Short-term quality of life after 
myomectomy for uterine fibroids from the COMPARE-UF Fibroid Registry. Am 
J Obstet Gynecol 2020, 222(4):345.e341-345.e322.

26. Stewart EA, Lytle BL, Thomas L, Wegienka GR, Jacoby V, Diamond MP, 
Nicholson WK, Anchan RM, Venable S, Wallace K, et al. The comparing 
options for management: PAtient-centered REsults for uterine fibroids 
(COMPARE-UF) registry: rationale and design. Am J Obstet Gynecol. 
2018;219(1):95e91–95e10.

27. Wise LA, Thomas L, Anderson S, Baird DD, Anchan RM, Terry KL, Marsh EE, 
Wegienka G, Nicholson WK, Wallace K, et al. Route of myomectomy and fertil-
ity: a prospective cohort study. Fertil Steril. 2022;117(5):1083–93.

28. Goldstein SR, Horii SC, Snyder JR, Raghavendra BN, Subramanyam B. Estima-
tion of nongravid uterine volume based on a nomogram of gravid uterine 
volume: its value in gynecologic uterine abnormalities. Obstet Gynecol. 
1988;72(1):86–90.

29. Maroko AR, Doan TM, Arno PS, Hubel M, Yi S, Viola D. Integrating Social Deter-
minants of Health with Treatment and Prevention: a New Tool to assess local 
Area Deprivation. Prev Chronic Dis. 2016;13:E128.

30. Singh GK. Area Deprivation and Widening inequalities in US Mortality, 
1969–1998. Am J Public Health. 2003;93(7):1137–43.

31. Krieger N, Chen JT, Waterman PD, Soobader MJ, Subramanian SV, Carson R. 
Geocoding and monitoring of US socioeconomic inequalities in mortal-
ity and cancer incidence: does the choice of area-based measure and 



Page 8 of 8Bossick et al. BMC Women's Health          (2023) 23:603 

geographic level matter? The Public Health Disparities Geocoding Project. 
Am J Epidemiol. 2002;156(5):471–82.

32. Lòpez-De Fede A, Stewart JE, Hardin JW, Mayfield-Smith K. Comparison of 
small-area deprivation measures as predictors of chronic Disease burden in a 
low-income population. Int J Equity Health. 2016;15:89.

33. Institute ESR. ESRI 2011. ArcGIS Desktop: Release 10. Redlands, CA: Envi-
ronmental Systems Research Institute. In: ArcGIS Desktop vol. Release 10. 
Redlands, CA; 2011.

34. Mansournia MA, Nazemipour M, Naimi AI, Collins GS, Campbell MJ. Reflection 
on modern methods: demystifying robust standard errors for epidemiolo-
gists. Int J Epidemiol. 2021;50(1):346–51.

35. StataCorp. Stata Statistical Software: Release 17. In. College State. TX: Stata-
Corp LLC; 2021.

36. Prusinski L, Al-Hendy A, Yang Q. Developmental exposure to endocrine 
disrupting chemicals alters the epigenome: identification of reprogrammed 
targets. Gynecol Obstet Res. 2016;3(1):1–6.

37. Yang Q, Ali M, Treviño LS, Mas A, Al-Hendy A. Developmental reprogramming 
of myometrial stem cells by endocrine disruptor linking to risk of uterine 
fibroids. Cell Mol Life Sci. 2023;80(9):274.

38. Bariani MV, Rangaswamy R, Siblini H, Yang Q, Al-Hendy A, Zota AR. The role of 
endocrine-disrupting chemicals in uterine fibroid pathogenesis. Curr Opin 
Endocrinol Diabetes Obes. 2020;27(6):380–7.

39. Yang Q, Diamond MP, Al-Hendy A. Early life adverse environmental exposures 
increase the risk of Uterine Fibroid Development: role of epigenetic regula-
tion. Front Pharmacol. 2016;7:40.

40. Cao T, Jiang Y, Wang Z, Zhang N, Al-Hendy A, Mamillapalli R, Kallen AN, Koda-
man P, Taylor HS, Li D, et al. H19 lncRNA identified as a master regulator of 
genes that drive uterine leiomyomas. Oncogene. 2019;38(27):5356–66.

41. Navarro A, Yin P, Ono M, Monsivais D, Moravek MB, Coon JSt, Dyson MT, Wei 
JJ, Bulun SE. 5-Hydroxymethylcytosine promotes proliferation of human uter-
ine leiomyoma: a biological link to a new epigenetic modification in benign 
tumors. J Clin Endocrinol Metab. 2014;99(11):E2437–2445.

42. Navarro A, Yin P, Monsivais D, Lin SM, Du P, Wei JJ, Bulun SE. Genome-wide 
DNA methylation indicates silencing of Tumor suppressor genes in uterine 
leiomyoma. PLoS ONE. 2012;7(3):e33284.

43. Ruiz D, Becerra M, Jagai JS, Ard K, Sargis RM. Disparities in environmental 
exposures to endocrine-disrupting chemicals and Diabetes risk in vulnerable 
populations. Diabetes Care. 2018;41(1):193–205.

44. Canales AI. Inclusion and segregation: the incorporation of latin American 
immigrants into the US labor market. Latin Am Perspect. 2007;34(1):73–82.

45. Massey DS, Denton NA. American apartheid: Segregation and the making of 
the underclass. In: Social Stratification, Class, Race, and Gender in Sociological 
Perspective, Second Edition edn.: Routledge; 2019: 660–670.

46. Ard K. By all measures: an examination of the relationship between segrega-
tion and health risk from air pollution. Popul Environ. 2016;38(1):1–20.

47. Ard K. Trends in exposure to industrial air toxins for different racial and 
socioeconomic groups: a spatial and temporal examination of environmental 
inequality in the U.S. from 1995 to 2004. Soc Sci Res. 2015;53:375–90.

48. Chi G, Parisi D. Highway expansion effects on urban racial redistribu-
tion in the post—civil rights period. Public Works Management & Policy. 
2011;16(1):40–58.

49. Chen C, Weider K, Konopka K, Danis M. Incorporation of socioeconomic 
status indicators into policies for the meaningful use of electronic health 
records. J Health Care Poor Underserved. 2014;25(1):1–16.

50. Katsumori T, Nakajima K, Mihara T. Is a large fibroid a high-risk factor for 
uterine artery embolization? AJR Am J Roentgenol. 2003;181(5):1309–14.

51. Zagami P, Carey LA. Triple negative Breast cancer: pitfalls and progress. NPJ 
Breast Cancer. 2022;8(1):95.

52. Aviki EM, Manning-Geist BL, Sokolowski SS, Newman T, Blinder VS, Chino F, 
Doyle SM, Liebhaber A, Gordhandas SB, Brown CL et al. Risk factors for finan-
cial toxicity in patients with gynecologic cancer. Am J Obstet Gynecol 2022, 
226(6):817.e811-817.e819.

53. Politi MC, Yen RW, Elwyn G, O’Malley AJ, Saunders CH, Schubbe D, Forcino R, 
Durand MA. Women who are Young, Non-white, and with Lower Socioeco-
nomic Status Report Higher Financial Toxicity up to 1 year after Breast Cancer 
Surgery: a mixed-effects Regression Analysis. Oncologist. 2021;26(1):e142–52.

54. Luningham JM, Seth G, Saini G, Bhattarai S, Awan S, Collin LJ, Swahn MH, Dai 
D, Gogineni K, Subhedar P, et al. Association of race and area deprivation 
with Breast Cancer Survival among Black and White women in the state of 
Georgia. JAMA Netw Open. 2022;5(10):e2238183.

55. Bevan GH, Nasir K, Rajagopalan S, Al-Kindi S. Socioeconomic deprivation 
and premature Cardiovascular Mortality in the United States. Mayo Clin Proc. 
2022;97(6):1108–13.

56. Howe CJ, Bailey ZD, Raifman JR, Jackson JW. Recommendations for 
using Causal diagrams to study racial Health disparities. Am J Epidemiol. 
2022;191(12):1981–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 


	Racial disparities between measures of area deprivation and financial toxicity, and uterine volume in myomectomy patients
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	References


