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Investigating racial disparities in drug
prescriptions for patients with
endometriosis
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We assess racial disparities in medication prescription patterns for endometriosis patients across
Medicaid administrative claims data. We use ATC 3rd level drug codes to identify drug classes
prescribed significantly more frequently for endometriosis patients than a comparison cohort of non-
endometriosis patients. Temporal prevalence differences of prescriptions (pre- vs. post-diagnosis)
were also examined. The endometriosis cohort comprised 16,372 endometriosis patients (23.3%
Black, 66.0%White). Of the 28 drug classes examined, 17 were prescribed significantly less in Black
patients and 4 were prescribed significantly more in Black patients. Of the 17 drugs prescribed more
often in White patients, 13 have larger disparities pre-diagnosis than post-diagnosis. In the non-
endometriosis cohort (n = 3,663,904), 21 drug classes were prescribed significantly more in White
patients and6wereprescribedsignificantlymore inBlackpatients.Our analysis identifiesdisparities in
prescriptionspracticesbetweenWhite andBlack endometriosis patients, notably inpainmanagement
and comorbidity treatment.

Endometriosis is a chronic, inflammatory disease characterized by growth
of endometrial-like tissue outside the uterus. Identified symptoms of
endometriosis vary widely and include dysmenorrhea, fatigue, non-
menstrual abdominopelvic pain, and heavy menstrual bleeding1,2. While
the precise prevalence of endometriosis is unknown, it affects an estimated
6–10% of women of reproductive age2–4. Current medical interventions for
endometriosis depend on patient prognosis and include analgesics, com-
bined hormonal contraceptives, progestogens, gonadotropin-releasing
hormone (GnRH) agonists, GnRH antagonists, aromatase inhibitors, and
surgical treatments5.

Racial health disparities in theUnited States are pervasive, and research
shows thatBlackandHispanicpatientsare less likely to receive adiagnosis of
endometriosis compared to White patients6, as well as less likely to receive
surgical treatment for endometriosis7. Racial bias is observed beyond
endometriosis diagnosis, such as in pain management; Black and Hispanic
patients are less likely to be treated for pain andother symptoms that impact
quality of life8–11.

In this work we characterize the drug prescription patterns for endo-
metriosis patients and potential differences in prevalence across Black and
White patients. First, we take a data-driven approach to identify a broad
range of medications associated with treatment of endometriosis and

comorbidities; this allows us to identifymedications thatmay not be present
in the clinical guidelines but are used to address side effects or comorbidities
across various body systems. We then introduce a temporal dimension to
our analysis: due to the long lag to diagnosis, suspected endometriosis
patients may be prescribed relevant treatments prior to their official diag-
nosis. We do this by comparing patterns in prescriptions across Black and
White endometriosis patients prior to their diagnosis, after diagnosis, and
overall.Weuse propensity scorematching to adjust for age at endometriosis
diagnosis, duration of observation window prior to diagnosis, and duration
of observation window after diagnosis. Finally, we further contextualize our
analysis by comparing the race-based differences we observe in the endo-
metriosis cohort to those in a non-endometriosis comparison cohort, thus
allowing us to identify differences that are specific to or heightened amongst
endometriosis patients.

Results
Cohorts and medications
The non-endometriosis cohort comprises 3,663,904 patients (Table 1). The
endometriosis cohort (n = 16,372) comprised more White patients (66%)
than the non-endometriosis cohort (50%). The endometriosis cohort was
slightly older (mean age 32.4 ± 8.0 years) than the non-endometriosis
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cohort (28.7 ± 10.3 years). The median length of observational period was
6.08 (IQR: 5.08–8.84) years for the endometriosis cohort and 4.00 (IQR:
2.00–6.25) years for the non-endometriosis cohort. For the endometriosis
cohort, the median length of observation prior to diagnosis was 4.20 (IQR:
3.26–5.73) years, and the median length of observation post-diagnosis was
1.68 (IQR: 0.82–2.89) years.

Prior to propensity scorematching, Black patients are significantly older
than White patients (34.0 vs. 31.8 years, p-value = 1.7e−45) and they have
significantly more time within their observation periods both pre- and post-
diagnosis (pre-diagnosis: 5.4 vs. 4.9 years, p-value = 5.8e−38; post-diagnosis:
2.8 vs. 2.5 years,p-value = 2.5e−16).Within thematchedpopulation, none of
these mean values are significantly different (age: 34.0 vs. 33.7 years,
p-value = 0.20; pre-diagnosis observation time: 5.4 vs. 5.3 years, p-value
= 0.63; post-diagnosis observation time: 2.8 vs. 2.9 years, p-value = 0.15).

Overview of hormonal drug classes
To gain more clarity about the differences in hormonal prescriptions, we
investigate the specific drugs and overlap between the four drug classes:
estrogens, progestogens, hormonal contraceptives for systemic use, and hor-
mones and related agents. Estrogens includes oral, injectable, transdermal,
topical, and vaginal (vaginal cream, vaginal system, and vaginal insert)
preparations. Progestogens includes oral, injectable, and vaginal (vaginal gel,
vaginal suppository) preparations.Hormonal contraceptives for systemic use
include oral tablets, injectables, and drug implants; notably, hormonal
intrauterine devices belong to a separate category, contraceptives for topical
use that was not included because the prevalence did not differ significantly
between the endometriosis and non-endometriosis cohorts.Hormones and
related agents included oral, injectable, and implanted medications. Names
of specific drugs belonging to each of these classes can be found in Sup-
plementary Table 1.

Manydrugs belong tomultipleATCLevel 3 classifications, particularly
if they have multiple active ingredients. For example, conjugated estrogens
andmedroxyprogesterone belongs to estrogens, progestogens, and hormones
and related agents. Estradiol-based contraceptives belong to both estrogens
and hormonal contraceptives for systemic use. Medroxyprogesterone,
medroxyprogesterone acetate, andmegestrol acetate belong to progestogens,
hormonal contraceptives for systemic use, and hormones and related agents.
We also observe several GnRH agonists categorized within hormones and
related agents (e.g. leuprolide, histrelin, goserelin).

Differences in overall prevalence of drug prescriptions for Black
and White patients
Of the 28 drug classes of interest, 17 (61%) are prescribed significantlymore
often for White endometriosis patients and 4 (14%) were prescribed sig-
nificantly more often for Black endometriosis patients (Fig. 1). In the non-
endometriosis cohort, 21 (75%) are prescribed significantly more forWhite
patients and 6 (21%) are prescribed significantly more for Black patients.

The largest racial differences in endometriosis patients occur for
anxiolytics (prescription prevalence higher by 23.2% inWhite patients than
Black patients, 95% CI [21.2%, 25.3%]), antiepileptics (22.0%, 95% CI
[19.8%, 24.1%]), antidepressants (21.9, 95% CI [19.9%, 23.9%]), and estro-
gens (10.9%, 95% CI [9.0%, 12.8%]). For drug classes where Black patients
are prescribed with higher prevalence then White patients, the largest dif-
ferences occur for hormones and related agents (10.0%, 95% CI [7.7%,

Table 1 | Descriptive statistics of the endometriosis and non-
endometriosis cohorts according to age at entry into cohort,
race and ethnicity

Endometriosis cohort
(n = 16,372)

Non-endometriosis cohort
(n = 3,663,904)

Age (years)

15–21 9.9% (n = 1616) 33.7% (n = 1,233,489)

22–28 22.2% (n = 3634) 20.6% (n = 755,365)

29–35 32.5% (n = 5323) 18.3% (n = 671,403)

35–42 23.2% (n = 3804) 13.6% (n = 499,965)

42–49 12.2% (n = 1995) 13.7% (n = 503,682)

Race

Black or African
American

23.3% (n = 3814) 32.7% (n = 1,199,859)

White 66.0% (n = 10,805) 50.0% (n = 1,829,312)

Missing 10.7% (n = 1753) 17.3% (n = 634,733)

Ethnicity

Hispanic or
Latino

1.6% (n = 264) 3.8% (n = 138,634)

Missing 98.4% (n = 16,108) 96.2% (n = 3,525,270)

Fig. 1 | Difference in drug class prescription pre-
valence for White and Black patients. This graph
shows the percent difference in drug class pre-
scription prevalence between White and Black
patients. Error bars indicate standard error, and a
difference greater than 0 indicates that White
patients are prescribed a drug from that class with
higher prevalence than Black patients. The percent
difference is shown across all visits, visits prior to
diagnosis (subgroup 1), and visits after diagnosis
(subgroup 2).
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12.2%]), iron preparations (7.3%, 95% CI [5.7%, 8.9%]), and progestogens
(6.5%, 95% CI [4.3%, 8.7%]). Prescription prevalence differences are more
pronounced in the endometriosis cohort than the non-endometriosis
cohort for anxiolytics, antiepileptics, estrogens, iron preparations, and hor-
mones and related agents but are less pronounced in the endometriosis
cohort for antidepressants and progestogens (Table 2).

Out of the drug classes related to established endometriosis treatment
options, one (other analgesics and antipyretics) is significantly more pre-
valent amongst White endometriosis patients and two (hormones and
related agents, progestogens) are significantlymore prevalent amongst Black
endometriosis patients (Table 2). These differences are generally consistent
with the non-endometriosis cohort.

Temporal differences in drug prescription disparities
When observing drug prescription differences across White and Black
endometriosis patients across temporal subgroups, there is a pattern of pre-
diagnosis differences (temporal subgroup 1) exceeding post-diagnosis dif-
ferences (temporal subgroup 2), especially for drug classes where White

patients are prescribed at a higher rate (Fig. 1 and Table 3). Of the 17 drug
classes that fall into this category, 13 (76%) have larger differences prior to
diagnosis compared to post-diagnosis. For drugs that are significantly more
prevalently prescribed in Black patients, 1 (25%) has a higher prevalence
difference pre-diagnosis than post-diagnosis.

Discussion
Our analysis of drug prescription patterns amongst White and Black
patients with endometriosis shows that broad racial differences in disease
treatment and pain management exist within endometriosis. We find that
disparities in prescription prevalence are larger prior to endometriosis
diagnosis (compared to after the endometriosis diagnosis).Givenpreviously
observed racial disparities in endometriosis diagnosis6, it becomes especially
important to study this pre-diagnosis period, where the patientmay require
treatment but has no formal diagnosis to explain the multi-system, chronic
symptoms they may be facing. We additionally find that drugs associated
with comorbidities of endometriosis (including gastrointestinal distress,
irritable bowel syndrome, thyroid disorders, and lower urinary tract

Table 2 | Overall prescription prevalence in the endometriosis and non-endometriosis cohorts

Endometriosis cohort Non-endometriosis cohort

Prevalence difference
(SE) (%)

Adjusted p-value Prevalence difference
(SE) (%)

Adjusted p-value

Anti-infectives and antiseptics, excl. combinations with
corticosteroids

−3.75 (1.06) 0.0059 −6.37 (0.052) 0

Anti-inflammatory and antirheumatic products, non-
steroids

1.05 (0.52) 0.60 1.18 (0.058) 1.98E−90

Antidepressants 21.89 (1.01) 9.39E−104 22.90 (0.053) 0

Antiemetics and antinauseants 4.38 (1.74) 5.49E−08 7.03 (0.058) 0

Antiepileptics 21.95 (1.11) 3.48E−85 12.93 (0.044) 0

Antifibrinolytics −0.97 (0.32) 0.040 0.0079 (0.0061) 2.77322788

Antihistamines for systemic use 4.82 (0.81) 3.79E−08 3.92 (0.059) 0

Anxiolytics 23.23 (1.06) 1.14E−105 15.65 (0.050) 0

Belladonna and derivatives, plain 5.30 (0.93) 1.50E−07 2.25 (0.025) 0

Corticosteroids for systemic use, plain 8.34 (0.77) 1.80E−26 12.03 (0.058) 0

Cough suppressants, excl. combinations with
expectorants

9.39 (0.97) 4.62E−21 5.99 (0.032) 0

Drugs for constipation −3.67 (1.14) 0.018 −1.04 (0.045) 8.26E−119

Drugs for functional gastrointestinal disorders 8.78 (1.04) 5.04E−16 2.98 (0.029) 0

Drugs for peptic ulcer and gastro-esophageal reflux
disease (GERD)

8.34 (1.09) 3.06E−13 7.16 (0.052) 0

Estrogens 10.91 (0.97) 2.40E−28 1.83 (0.024) 0

Hormonal contraceptives for systemic use −0.76 (1.09) 6.80 −1.98 (0.058) 1.04E−252

Hormones and related agents −9.96 (1.14) 2.80E−17 −8.92 (0.049) 0

Hypnotics and sedatives 8.76 (1.05) 7.98E−16 7.12 (0.045) 0

Iron preparations −7.29 (0.83) 1.84E−17 −4.45 (0.034) 0

Opioids 1.07 (0.39) 0.089 4.93 (0.058) 0

Other analgesics and antipyretics 6.55 (0.87) 8.25E−13 7.47 (0.057) 0

Other diagnostic agents 2.44 (0.78) 0.027 0.67 (0.024) 3.35E−173

Other systemic drugs for obstructive airway diseases 3.28 (0.81) 0.00076 1.57 (0.028) 0

Progestogens −6.50 (1.14) 1.61E−07 −7.87 (0.052) 0

Quinolone antibacterials 7.92 (1.09) 4.43E−12 6.41 (0.049) 0

Selective calcium channel blockers with direct cardiac
effects

0.47 (0.46) 4.29 0.14 (0.012) 5.63E−34

Thyroid preparations 8.47 (0.64) 2.62E−39 4.44 (0.022) 0

Urologicals 9.05 (0.93) 4.89E−21 2.9 (0.026) 0

This table shows the differences in prescription prevalence (with standard error in parentheses) for White and Black patients in the endometriosis and non-endometriosis cohorts. A positive prevalence
difference indicates that White patients were prescribed drugs from that drug class at higher rates. The adjusted p-value associated with the difference in prevalence is also reported. Significant p-values
(p < 0.01) are emphasized in bold.
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symptoms12–14) are prescribed significantly less prevalently inBlackpatients;
this suggests disparities in holistic endometriosis management that are not
fully explained by general disparities in access to prescription medications.

The most notable differences in prescription prevalence occur for
antidepressants and anxiolytics. Notably, the difference in anxiolytic pre-
scription prevalence is larger amongst endometriosis patients than non-
endometriosis patients. Prior studies have noted disparities in the pre-
scription of antidepressants15,16 and select anxiolytics17, with literature sug-
gesting that this may be due to Black patients experiencing less rapport-
building during visits18 and being less likely to communicate symptoms to
healthcare providers18,19. This gap in physician-patient communication
could be due to a lack of cultural competency and/or perceived racism20,21,
both of which contribute to healthcare-related stress22–24. Future qualitative
work should investigate how healthcare-related stress manifests differently
for endometriosis patients based on race, particularly those with comorbid
mental health conditions.

We additionally observe that Black patients are less likely to receive
pain medications (both opioid and non-opioid) than White patients. This

disparity is similar for endometriosis and non-endometriosis patients and is
consistent with the literature8–11. However, the temporal analysis shows that
the disparity is larger for endometriosis patients pre-diagnosis compared to
post-diagnosis; furthermore, the disparity in non-opioid analgesic pre-
scriptions is larger in the pre-diagnosis endometriosis cohort than the
general comparison cohort. Prior to diagnosis, patients may experience
pain-related symptoms without an explicit diagnosis of endometriosis to
explain that pain; our results suggest that at this point, racial disparities are
heightened beyond those that exist in the general population.

There are several factors that impact systemic inequities related to pain
medication prescription, including false stereotypes about Black patients
exhibiting “drug-seeking behavior”25,26 or feeling less pain than their White
counterparts8. Additionally, racism experienced by Black patients when
seeking chronic pain treatment may contribute to hopelessness (negative
expectations about one’s present life and future), which can negatively
impact pain management10. Lack of effective communication between
patients and physicians surrounding medication tolerance, side effects,
efficacy, and addiction has also been found to disproportionately impact

Table 3 | Disparities in prescription prevalence pre-diagnosis and post-diagnosis

Pre-diagnosis Post-diagnosis

Drug class Prevalence difference
(SE) (%)

Adjusted p-value Prevalence difference
(SE) (%)

Adjusted p-value

Anti-infectives and antiseptics, excl. combinations with
corticosteroids

−5.09 (1.14) 0.00012 −2.81 (1.14) 0.1921767

Anti-inflammatory and antirheumatic products, non-
steroids

1.99 (0.81) 0.19 1.84 (0.93) 0.67

Antidepressants 25.69 (1.08) 1.09E−124 20.74 (1.12) 1.69E−75

Antiemetics and antinauseants 7.37 (1.07) 8.95E−11 7.47 (1.05) 1.32E−11

Antiepileptics 22.92 (1.10) 1.01E−95 17.93 (1.10) 9.68E−59

Antifibrinolytics −0.31 (0.26) 3.24 −0.71 (0.21) 0.011

Antihistamines for systemic use 7.29 (0.99) 2.33E−12 4.01 (1.12) 0.0048

Anxiolytics 24.99 (1.11) 5.24E−112 20.71 (1.11) 2.03E−76

Belladonna and derivatives, plain 4.14 (0.81) 4.36E−06 2.62 (0.67) 0.0012

Corticosteroids for systemic use, plain 13.90 (1.04) 1.51E−39 9.47 (1.07) 1.59E−17

Cough suppressants, excl. combinations with
expectorants

7.60 (0.82) 2.71E−19 4.72 (0.76) 6.33E−09

Drugs for constipation −2.86 (1.04) 0.084 −2.78 (1.05) 0.11

Drugs for functional gastrointestinal disorders 6.50 (0.90) 9.06E−12 4.27 (0.85) 6.23E−06

Drugs for peptic ulcer and gastro-esophageal reflux
disease (GERD)

8.31 (1.14) 4.26E−12 8.21 (1.13) 4.41E−12

Estrogens 3.12 (0.71) 0.00016 9.52 (0.85) 2.89E−28

Hormonal contraceptives for systemic use −0.37 (1.14) 10.46 −1.31 (1.10) 3.29

Hormones and related agents −8.10 (1.10) 2.81E−12 −8.05 (0.97) 1.29E−15

Hypnotics and sedatives 12.87 (1.13) 5.88E−29 8.23 (1.14) 7.51E−12

Iron preparations −5.43 (0.74) 3.29E−12 −3.41 (0.53) 1.49E−09

Opioids 3.75 (0.77) 1.82E−05 3.96 (0.81) 1.26E−05

Other analgesics and antipyretics 10.54 (1.07) 1.10E−21 7.42 (1.11) 3.13E−10

Other diagnostic agents 1.65 (0.64) 0.14 1.00 (0.57) 1.10

Other systemic drugs for obstructive airway diseases 1.99 (0.68) 0.047 2.54 (0.66) 0.0016

Progestogens −5.35 (1.13) 3.15E−05 −6.08 (1.02) 4.08E−08

Quinolone antibacterials 8.50 (0.39) 1.17E−12 6.58 (1.11) 4.05E−08

Selective calcium channel blockers with direct cardiac
effects

0.34 (0.39) 5.36 0.26 (0.33) 6.06

Thyroid preparations 6.82 (0.57) 7.63E−32 6.42 (0.56) 5.93E−29

Urologicals 5.64 (0.72) 5.08E−14 6.16 (0.80) 1.54E−13

This table contains all 28 drug classes and the difference in prevalence (with standard error in parentheses) betweenWhite patients and Black patients, both prior to endometriosis diagnosis and after the
endometriosis diagnosis. The associated adjusted p-value is also reported. A positive prevalence difference indicates that White patients were prescribed drugs from that drug class at higher rates.
Significant p-values (p < 0.01) are emphasized in bold.
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racial and ethnic minorities24. Further work is required to understand how
people with undiagnosed chronic disease (i.e. endometriosis) experience
pain management and how this differs from the general population.

Our use of theMulti-stateMedicaidDataset enables us to create a large
cohort of endometriosis patients with consistent access to care. Given that
Medicaid users are also predominantly part of low-income households,
ensuring racial equity in treatment for Medicaid users is critical to fighting
the systemic and intersectional health disparities that persist in the United
States27.Due to thewide variety of healthcare settings representedwithin the
multi-state Medicaid dataset, we believe our findings will be generalizable
across insured populations within the United States. The large size of the
Medicaid database also allows us to take a data-driven approach to identify
medications, which is especially important when considering the holistic
care of a chronic and multi-system disease like endometriosis2.

However, our approach does have limitations. While we adjusted for
temporal confounders (age and duration of observation), we were unable to
adjust for sociodemographic variables. Our use of the Medicaid dataset
implicitly controls for income, as Medicaid predominantly serves low-
income individuals, but we do not have access to more fine-grained eco-
nomic information, education, location, or other community contexts. We
are alsounable to adjust for parity, drug contraindications, or other variables
related to aperson’smedical history, aswedonot have access to information
about a patient outside of the years they are in the dataset. Future work
should focus on better understanding the context surrounding drug pre-
scriptionpatterns andcould leverage comorbid conditions and self-reported
data to provide more information about why a drug is prescribed.

Our work is limited in its generalizability to uninsured populations
within the United States and to international populations, where medical
inequities may differ from those in the United States. Due to limitations of
the recorded data, we were also unable to study differences across ethnicity
or race categories other than Black and White. Additionally, we use a
validated phenotype28 to define our endometriosis cohort andwe define the
“date of diagnosis” as the date of laparoscopic surgery; while this definition
does ensure a highly specific cohort, it is not fully aligned with current
clinical guidelines, which recommend that treatment be explored if imaging
tests indicate endometriosis5. Some prescriptions occurring in the “pre-
diagnostic” period therefore may be treating endometriosis confirmed
through imaging. This phenotype also uses a “female” gender marker as
inclusion criteria, which may exclude some transgender men with endo-
metriosis. The use of ATC level 3 drug classes enables us to quickly and
accurately pull relevant drugs based on their pharmacological functions
while remaining robust to differing prescription patterns across states29,30;
however,ATCmedication classes are intended to reflect thedrug indication,
which may not always be consistent with why the drug was prescribed.

In thiswork, we document racial disparities inmedication prescription
practices for Black endometriosis patients; these disparities exist in several
aspects of treatment and are reflective of Black patients not receiving holistic
endometriosis care. We compare these disparities to a non-endometriosis
population and find several drug classes where disparities are larger in the
endometriosis population, indicating that these disparities are unique to
chronic disease management (and potentially to endometriosis). When
coupled with the fact that these prescription disparities are larger pre-
diagnosis compared to post-diagnosis, it becomes important for clinicians
who treat chronic, complex patients to ensure that they are communicating
with their patients and prescribing medications consistently and equitably.

Methods
The analysis and the use of the de-identified dataset presented in this
work were carried out under Research Protocol AAAO7805 approved
by Columbia University Institutional Review Board. All ethical reg-
ulations were followed, including theDeclaration ofHelsinki. Informed
consent was waived by the IRB due to low risk to subject welfare and
logistical infeasibility of contacting millions of patients from a de-
identified database.

Dataset
In this retrospective cohort study, we focus our analysis to patients with
Medicaid, a U.S. government program that provides health insurance for
people with limited income. The data comes from the Merative Market-
Scan®Multi-state Medicaid dataset, which draws Medicaid data from sev-
eral states (https://www.merative.com/documents/brief/marketscan-
explainer-general). The Medicaid dataset contains de-identified long-
itudinal records of patients between 2008 and 2017 and includes inpatient
and outpatient services, diagnostic history, and drug prescriptions for over
25million enrollees.We leverage the data under theOMOPCommonData
Model (CDM) format, which follows standardized conventions for drugs,
therapies, andothermedical vocabularies31. Thedatabasehasbeenused for a
variety of observational health studies due to its flexibility and
robustness32,33.

Cohort identification
We select patients with endometriosis using a validated cohort definition28.
The cohort definition includes all women ages 15–49 years who have an
endometriosis-related surgical procedure (e.g., laparoscopic surgery) and a
diagnosis of endometriosis within 30 days of this procedure. The phenotype
definitionwas validated throughmanual chart reviewof 1400 endometriosis
patients and reported to achieve 70% sensitivity, 93% specificity, 85%
positive predictive value. Age is calculated based on the date of the surgical
procedure. Patients with endometriosis must have at least three years of
continuous observation prior to diagnosis.

The non-endometriosis cohort comprises of any female aged 15–49
with no diagnostic codes for endometriosis and at least one year of con-
tinuous observation. Age is calculated using the most recent visit date.

Identification of medications
The Anatomical Therapeutic Chemical (ATC) classification system sepa-
rates drugs based on their functions and the chemical properties of their
active ingredient. For this study, we use ATC level 3 classifications because
they are associated with specific pharmacological functions without speci-
fying chemical structures (https://www.who.int/tools/atc-ddd-toolkit/atc-
classification). We use the OMOP Common Data Model to explicitly map
medications to their ATC level 3 classification, with the ATC classifications
serving as a “bridge” between the clinical guidelines for endometriosis and
large-scale observational health data.

We narrow the set of drug classes by identifying drug classes that are
prescribed significantly more often in the endometriosis cohort than the
non-endometriosis one. For each drug class, the proportion of patients in
each cohort with at least one prescription belonging to that drug class is
calculated.The statistical significanceof thedifferencebetween these relative
prevalence measurements is calculated using a two-sided Z-test with a
0.01 significance level. This procedure identified 28 drug classes that are
significantly more prevalent in the endometriosis cohort than the non-
endometriosis cohort (Supplementary Table 2); we then measure pre-
scription prevalence for each of these drug classes. Supplementary Table 1
lists the most common medications per drug class in the endometriosis
cohort and non-endometriosis cohort.

To understand the clinical relevance of these 28 drug classes, we
checked them against the drugs listed in the 2022 ESHRE guidelines for
treating endometriosis5. The only recommended treatments that are not
included in our analysis are GnRH antagonists and aromatase inhibitors.
GnRH antagonists were not prescribed in the Medicaid dataset, and aro-
matase inhibitors were excluded because the corresponding ATC 3rd level
drug class (“hormone antagonists and related agents”) was not prescribed
significantly more in patients with endometriosis than in the non-
endometriosis cohort. This data-driven approach identified several addi-
tional drug classes more prevalently prescribed in the endometriosis
population that are associated with known comorbidities or symptoms of
endometriosis including gastrointestinal distress, depression, and
anxiety34,35.
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Temporal analysis
Endometriosis is known to have extended delays between symptom onset
and diagnosis36,37. We therefore aim to better understand the patterns of
drug prescription prior to diagnosis (which occurs via laparoscopic surgery)
and whether they differ from prescription practices after diagnosis. Pre-
scription practices from the pre-diagnosis period can be thought of as
prescription practices for undiagnosed endometriosis patients, which is an
important area of study given that Black patients are less likely to be diag-
nosed with endometriosis compared to White patients6.

We create two temporal subgroups of drug prescriptions in the
endometriosis cohort (Fig. 2). Subgroup 1 consists of all prescriptions
occurred prior to surgical diagnosis. Subgroup 2 consists of all prescriptions
post-diagnosis. Note that neither subgroup contain prescriptions from the
day of diagnosis; these prescriptions are only counted in the “overall”
prescriptions.

Statistical methods
We use propensity score matching to control for confounding in the
endometriosis cohort based on three temporal variables: age at endome-
triosis diagnosis, amountof observation timeprior todiagnosis, andamount
of observation time after diagnosis. Observation periods were determined
based on the patient’s earliest available observation start date and latest
available observation end date, respectively. We use the procedure outlined
in Garrido et al.38 to implement propensity score matching and checked
population differences before and after matching using t-tests. We select
matches based on nearest-neighbors and perform 1:1 matching without
replacement39. We do not adjust for these variables in the non-
endometriosis cohort, as there is no equivalent “diagnosis date” for non-
endometriosis patients.

For each drug class of interest, the relative prevalence of prescriptions
within that drug class was calculated for Black and White endometriosis
patients. A person is counted as part of the drug-positive group if they
received at least one prescription from that drug class, and prevalence is
calculated relative to the total number of Black and White patients in the
endometriosis cohort, respectively. The difference in prescription pre-
valence is calculated as 100% � ðpwhite � pblackÞ, where pwhite and pblack are
the fraction of patients who received at least one drug within that drug class
out of all of the patients of that race (Tables 2 and 3).

To identify significant differences in the Black and White sub-popu-
lations, we conduct a two-sided Z-test from the difference in prevalence and
the associated standard error. We apply the Bonferroni correction to
account for multiple comparisons; we consider the difference significant
when the adjusted p-value < 0.01. This procedure for statistical analysis was
repeated for all prescription classes and both temporal subgroups (pre-
diagnosis and post-diagnosis). Analysis was carried out using the scipy
package in Python40.

Data availability
The Merative MarketScan® Multi-state Medicaid dataset is available to
license at https://www.merative.com/documents/brief/marketscan-

explainer-general. Code for cohort definitions is available through the
OHDSIPhenotype Library and athttps://github.com/elhadadlab/endochar.

Code availability
The code for this study is available on Github at https://github.com/
elhadadlab/endo_disparities.
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