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ABSTRACT

Introduction: To compare all-cause and
endometriosis-related healthcare resource uti-
lization (HCRU) and healthcare costs by service
categories (outpatient, inpatient, emergency
room [ER], pharmacy) among patients with
newly diagnosed endometriosis using opioids
compared to patients with endometriosis not
using opioids.
Methods: A retrospective analysis of IBM�
MarketScan� Commercial Claims data from
2009 to 2018 was performed for women aged
18–49 with newly diagnosed endometriosis

(International Classification of Diseases (ICD)-9
code 617.xx; ICD-10 code N80.xx) over
24 months follow-up. Patients were stratified on
the basis of opioid use within 12 months post
first endometriosis diagnosis date. Patients with
opioid use were 1:1 matched to patients with-
out opioid use using propensity score matching.
Results: A total of 85,329 female patients with
a new endometriosis diagnosis were identified
and 48,470 patients (24,235 opioid and 24,235
non-opioid users) remained after inclusion–ex-
clusion criteria and matching. Opioid patients
had an estimated mean 30.33 outpatient visits,
29.59 pharmacy fills, 0.28 inpatient visits, 0.65
ER visits, and total length of stay (LOS) was
1.01 days. Non-opioid patients had an esti-
mated mean 27.94 outpatient visits, 22.06
pharmacy fills, 0.23 inpatient visits, 0.42 ER
visits, and total LOS was 0.82 days. On average,
opioid patients had significantly greater all-
cause HCRU compared to non-opioid patients
(all p\0.0001). Among endometriosis-related
healthcare utilization, there were similar ER
visits, but lower outpatient visits, inpatient vis-
its, and total LOS and higher pharmacy fills
among opioid and non-opioid patients. Esti-
mated mean all-cause costs were higher among
opioid ($26,755) vs. non-opioid ($19,302) users
(p\ 0.0001). A similar trend was observed for
estimated mean endometriosis-related costs.
Conclusion: This analysis observed signifi-
cantly higher all-cause HCRU and costs for
opioid users compared to non-opioid users
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among patients with newly diagnosed
endometriosis. While observed endometriosis-
related costs were significantly higher in opioid
users compared to non-opioid users during a
24-month follow-up period, endometriosis-re-
lated HCRU varied by service categories for
these two populations over this time period.

Keywords: Cost; Endometriosis; Healthcare
resource utilization; Opioid; Pain; Real-world
evidence; Women’s health

Key Summary Points

Why carry out this study?

Endometriosis is associated with severe
pain and both high direct and indirect
costs; although not recommended, opioid
use for chronic pain management is
frequently observed among patients with
endometriosis.

Opioid use among patients with
endometriosis could possibly act as a
gateway to opioid addiction, opioid-use
disorders, illicit opioid use, and even
opioid-related overdose deaths, thereby
further increasing the healthcare burden.

A retrospective cohort study was
conducted to compare all-cause and
endometriosis-related healthcare resource
utilization and healthcare costs by
healthcare services utilization (outpatient,
inpatient, emergency room, and
pharmacy) among patients with newly
diagnosed endometriosis using opioids
and those not using opioids.

What was learned from this study?

Among patients with newly diagnosed
endometriosis, those with opioid use
within 12 months after first endometriosis
diagnosis have more healthcare resource
utilization and cost over a 24-month
follow-up period, compared to patients
not using opioids.

These findings are particularly important
because of the ongoing opioid crisis in the
USA; prescribers should be aware of
increase healthcare resource utilization
and costs, in addition to risks that opioids
may pose to patients.

Implementation of effective non-opioid
strategies for managing chronic pain may
help alleviate the excess burden associated
with opioid use among patients with
endometriosis.

INTRODUCTION

Endometriosis impacts between 6% and 10% of
US and European women of reproductive age
and is characterized by poor quality of life [1]
and severe pain [2–7]. It has been linked to
increased direct and indirect costs [8–12]. All-
cause annual costs among patients with
endometriosis are significantly higher com-
pared to controls ($11,556–42,020 vs.
$4315–6124) [9–13]. Significantly higher
healthcare resource utilization (HCRU) was also
observed in this population, including higher
all-cause hospitalizations, endometriosis-related
surgical procedures, and visits to the emergency
room (ER), outpatient, and obstetrician/gyne-
cologist (OB/GYN) [10, 11, 13, 14].

Guidelines recommend nonsteroidal anti-in-
flammatory medications (NSAIDs) and hormonal
agents as initial components of an endometriosis
treatment plan, with gonadotropin-releasing
hormone agonists or surgery (laparoscopy with
ablation/excision of endometriosis, laparotomy,
or hysterectomy) as additional options for treat-
ment that often includes a multidisciplinary
approach for patient care [15–18]. Although not
included in these recommendations, opioid use
for chronic pain management is frequent among
this population. Women with endometriosis have
been shown to be at greater risk of receiving
opioids and to fill a prescription for an opioid
[adjusted risk ratio (RR) 2.91] [19, 20]. A 2019
retrospective analysis of women with
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endometriosis found that among opioid users,
the average annual number of opioid prescrip-
tions received was 4.6, with an average day supply
of 61.1 days, and 18.1% of patients received at
least 90 days of opioids [21].

Opioid use among patients with
endometriosis could possibly act as a gateway to
opioid addiction, opioid-use disorders, illicit
opioid use, and even opioid-related overdose
deaths, thereby increasing the healthcare bur-
den [22, 23]. With a paucity of literature on the
healthcare costs and utilization among women
with endometriosis who use opioids, it is of
interest to further better understand the impact
of opioid utilization on economic burden
among patients with endometriosis. Therefore,
a retrospective cohort study was conducted to
compare all-cause and endometriosis-related
healthcare resource utilization (HCRU) and
healthcare costs by services utilization (outpa-
tient, inpatient, ER, and pharmacy) among
patients with newly diagnosed endometriosis
using opioids and those not using opioids.

METHODS

Data Source

IBM� MarketScan� Data was used as the primary
data source from January 1, 2009 to September
30, 2018 (study period). The Commercial Claims
and Encounters database comprises fully adjudi-
cated medical and pharmaceutical claims for over
225 million unique patients from 300 contribut-
ing employers and 40 contributing health plans
across the USA, which is approximately
62.9 million covered lives per year. It includes
inpatient and outpatient diagnoses (in both
International Classification of Diseases Ninth
(ICD-9) and Tenth (ICD-10) format) and proce-
dures [in Current Procedural Terminology (CPT)
and Healthcare Common Procedure Coding Sys-
tem (HCPCS) formats] and both retail and mail-
order prescription records. Available data on pre-
scription records include the National Drug Code
(NDC), J-codes, as well as the quantity of the
medication dispensed. Additional data elements
include demographic variables (age, gender, geo-
graphic region), health plan type (e.g., health

maintenance organization, preferred provider
organization), provider specialty, and eligibility
dates related to plan enrollment and participa-
tion. These data represent commercially insured
lives, and data contributors are generally self-in-
sured employers.

This study is based upon claims data. All
database records are statistically deidentified
and certified to be fully compliant with US
patient confidentiality requirements set forth in
the Health Insurance Portability and Account-
ability Act (HIPAA). Because this study used
only deidentified patient records and did not
involve the collection, use, or transmittal of
individually identifiable data, institutional
review board approval to conduct this study was
not necessary.

Study Design

A retrospective cohort study of newly diagnosed
patients with endometriosis based on a US
commercial claims database was conducted. All-
cause and endometriosis-related HCRU and
healthcare costs were compared between
patients with endometriosis with any opioid use
and those without opioid use over a 24-month
post-index period. Any opioid use in the study
considered presence of prescription claims for
any opioid medications other than methadone,
buprenorphine–naloxone, naloxone, and nal-
trexone as they are intended for opioid abuse
treatment.

Study Population

Women with newly diagnosed endometriosis
(ICD-9 code 617.xx; ICD-10 code N80.xx)
between January 1, 2010 and September 30,
2015 were identified, with the first date of
endometriosis diagnosis as the cohort entry
date. Patients were stratified into opioid users
and non-opioid users on the basis of their opi-
oid prescriptions within 12 months following
their cohort entry date. For patients with a
record of opioid use, the index date is defined as
the first opioid prescription date. For patients
without a record of opioid use, the index date is
defined as the cohort entry date. A minimum
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continuous medical and pharmacy coverage
benefits of 12 months prior to and 24 months
post index was required for each patient.
Patients aged 18–49 at index were included in
the analysis.

Patients were excluded if they had a diagnosis
of malignant neoplasm anytime during the study
period, or had a diagnosis of endometriosis any
time prior to the cohort entry date during the
study period, or had specific insurance plan types,
such as health maintenance organization (HMO)
and point of service (POS) with capitation, during
the 12-month baseline and 24-month follow-up
periods.

Patient Characteristics

Patient demographic variables measured on the
index date included age, region, and insurance
type. Medical conditions identified in the
12-month baseline were the Charlson Comor-
bidity Index (CCI), pain conditions (back/neck
pain, joint pain/arthritis, headache/migraine,
neuropathic pain, fibromyalgia, other pain
conditions including chest/visceral pain/-
wound/trauma), mental health conditions
[anxiety/depression, mood disorders, post-trau-
matic stress disorder (PTSD), substance-use dis-
orders (SUD)], opioid use, endometriosis-related
surgeries, and pregnancy status. CCI is a con-
tinuous measure, which was computed using all
medical claims (inpatient and outpatient) for 15
conditions (myocardial infarction, congestive
heart failure, peripheral vascular disease, cere-
brovascular disease, chronic obstructive pul-
monary disease, dementia, hemiplegia or
paraplegia, diabetes (with and without compli-
cations), moderate to severe renal disease, mild
and moderate to severe liver disease, peptic
ulcer disease, rheumatologic disease, HIV/
AIDS), since patients with malignant neoplasms
were excluded from this analysis.

Outcome Measures

All-cause and endometriosis-related HCRU and
costs were evaluated over the 24-month post-
index period in total and by utilization category
including outpatient, inpatient [including total

length of stay (LOS)], ER, and pharmacy. Paid
costs along with patient-incurred costs (de-
ductible, copay, coinsurance) were used to
identify costs. All costs were adjusted to 2018
costs using the medical component of the
Consumer Price Index (CPI).

Adjudicated claims with primary or sec-
ondary diagnoses of endometriosis were used to
calculate endometriosis-related HCRU and costs
[24]. Endometriosis-related pharmacy fills and
costs were further specified for drugs primarily
used in endometriosis management (danazol,
goserelin, leuprolide, nafarelin, estrogen/pro-
gestin oral contraceptives).

Statistical Analysis

Propensity score matching (PSM) was adopted
to match patients with opioid use to those
without opioid use (1:1 match). PSM was an
effective method to facilitate the comparability
between patient groups while adjusting for
baseline characteristics in retrospective obser-
vational studies [25]. In particular, the propen-
sity score in this study was generated using a
logistic regression model adjusting for age,
region, insurance plan at index date, and CCI,
each type of pain and mental health conditions,
prior opioid use, prior endometriosis-related
surgeries, and pregnancy status observed in the
baseline period. A greedy algorithm without
replacement technique was applied and the
caliper was set a priori at 0.25 standard devia-
tion of propensity score for matching [26].

For patient characteristics, categorical vari-
ables were reported as counts and percentages
and continuous variables were reported as mean
with standard deviation (SD). After matching, a
standard mean difference approach was used to
check the balance of the characteristics between
opioid users and non-opioid users. Patient
characteristics with standard mean difference
less than 0.1 were considered as balanced
between those two groups. For outcome vari-
ables, unadjusted HCRU and costs between
opioid user and non-opioid users after matching
were evaluated using the paired t test.

Multivariable regression analyses were used
to produce adjusted results for all outcomes of
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interest. Covariates included propensity score,
index year, and the corresponding baseline
outcome. Patient characteristics with standard
mean difference greater than 0.1 after matching
were also included in the regression models.
The generalized estimating equations (GEE)
method was incorporated in adjusted analysis
due to matching. For HCRU outcomes, gener-
alized linear models (GLM) with negative
binomial (NB) distribution and log link func-
tion were conducted. For all-cause costs, GLM
with gamma distribution and log link function
were applied to estimated mean costs. For
patients with zero cost claim records, a $1 cost
was added in order to include all patients into
the analysis. Estimated mean ratio with 95%
confidence intervals (CIs) were also reported
[27]. A two-part model was used to estimate
mean endometriosis-related costs, because of
more than 10% of patients with zero
endometriosis-related costs. The first-part
model was to estimate the probability of having
non-zero costs among all patients and the sec-
ond-part model estimated the mean costs
among patients who have non-zero costs [28].
The final estimated mean endometriosis-related
costs equals the product of the probability of
having non-zero costs and the estimated mean
costs for patients with non-zero costs. Lastly,
95% CIs for the estimated mean ratios between
opioid users and non-opioid users were gener-
ated using a bootstrapping method (repeated
for 500 times).

All statistical analyses were performed using
SAS version 9.4 (SAS, Cary, NC). Statistical sig-
nificance was determined by p\0.05.

RESULTS

Study Sample

Initially, a total of 85,329 female patients with
newly diagnosed endometriosis were identified
from the commercial claims database (Fig. 1), of
whom 61,019 (71.5%) were opioid users and
24,310 (28.5%) were non-opioid users. After
matching, 24,235 matched pairs were included
in this analysis.

Patient and Clinical Characteristics

Patient characteristics are presented in Table 1.
Patients with opioid use had a lower standard
mean age compared to those without opioid use
(37.4 ± 7.3 vs 38.4 ± 7.4 years, standard mean
difference 0.1395) and equivalent CCI scores
(0.19 ± 0.5, standard mean difference
- 0.0046) were observed between them. More
than 40% of these patients lived in the South
(opioid users 44.8%, non-opioid users 40.2%)
and around 71% of them had a preferred pro-
vider organization (PPO) insurance plan (opioid
users 71.7%, non-opioid users 70.6%). A similar
number of standard mean pain conditions
(0.85 ± 1.01 vs. 0.81 ± 1.02) and mental health
conditions (0.23 ± 0.58 vs. 0.22 ± 0.58) were
noted among patients with or without opioid
use. In addition, the matched cohorts had close
percentages of opioid use (36.7% vs. 33.0%,
standard mean difference 0.0769) and
endometriosis-related surgeries (5.4% vs. 5.3%,
standard mean difference 0.0005) in the base-
line period.

Healthcare Resource Utilization

Across all service categories, multivariable
regression analyses demonstrated that all-cause
HCRU over the 24-month post-index period
was significantly higher for opioid users com-
pared to non-opioid users (Fig. 2 and Table 2).

Estimated mean all-cause outpatient visits
per patient among opioid users were higher
than those for non-opioid users (30.33 vs.
27.94, mean ratio 1.09). Estimated mean all-
cause ER visits per patient were 0.65 and 0.42
for opioid and non-opioid users, respectively
(mean ratio 1.53). All-cause inpatient visits per
patient for opioid users were greater than those
for non-opioid users (estimated mean 0.28 vs.
0.23, mean ratio 1.23), along with longer total
LOS (estimated mean 1.01 vs. 0.82 days, mean
ratio 1.23). On average, all-cause pharmacy fills
among opioid users were 29.59 compared to
22.06 among non-opioid users (mean ratio
1.34). All comparisons were significant
(p\ 0.0001).
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Pharmacy fills were the only endometriosis-
related HCRU that was significantly higher for
opioid users compared to non-opioid users (0.36
vs. 0.29, mean ratio 1.26, p\0.0001). Esti-
mated mean endometriosis-related ER visits
were similar between patient with opioid use
and those without opioid use (0.027 vs. 0.026,
mean ratio 1.03, p = 0.6525). Endometriosis-re-
lated outpatient visits, inpatient visits, and total
LOS for opioid users were significantly less than
those for non-opioid users (outpatient 1.73 vs.
1.82, mean ratio 0.95; inpatient 0.05 vs. 0.07,
mean ratio 0.74; total LOS 0.17 vs. 0.22, mean
ratio 0.77).

Similar trends were observed for unadjusted
all-cause and endometriosis-related HCRU,
except for unadjusted endometriosis-related
outpatient visits (Table S1 in the supplementary
material). On average, patients with opioid use
had higher HCRU compared to patients without
opioid use.

Healthcare Costs

Results from multivariable regression analyses
indicated that estimated mean costs over the
24-month post-index period were higher for
opioid users compared to non-opioid users
(Table 3).

Estimated mean all-cause healthcare costs
among opioid users were higher than those for
non-opioid users ($26,755 vs. $19,302, mean
ratio 1.39). Medical costs were the largest cost
driver, accounting for 88.3% of costs among
opioid users and 86.8% of total costs among
non-opioid users. Estimated mean medical costs
were higher among opioid users ($23,615)
compared to non-opioid users ($16,752, mean
ratio 1.41). Estimated mean pharmacy costs for
opioid users were greater than those for non-
opioid users (estimated mean $2728 vs. $2110,
mean ratio 1.29). All the comparisons were
significant (p\ 0.0001).

Estimated mean endometriosis-related
healthcare costs among opioid users were
higher than those for non-opioid users ($8629
vs. $5792, mean ratio 1.49). Medical costs

Fig. 1 Cohort attrition table. *Patients with plan types health maintenance organization (HMO) and point of service
(POS) with capitation were excluded from this analysis
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Table 1 Baseline characteristics for patients with endometriosis after matching

Characteristic Patients with opioid use Patients without opioid use Standard mean difference

N % N %

Number of unique patients 24,235 100% 24,235 100%

Age group at index

18–29 3509 14.5% 3061 12.6% N/A

30–39 10,353 42.7% 8930 36.8% N/A

40–49 10,373 42.8% 12,244 50.5% N/A

Age at index

Mean (SD) 37.4 7.3 38.4 7.4 0.1395

Region at index

Northeast 4257 17.6% 5525 22.8% N/A

North Central 5176 21.4% 4751 19.6% N/A

South 10,852 44.8% 9736 40.2% N/A

West 3798 15.7% 4056 16.7% N/A

Unknown 152 0.6% 167 0.7% N/A

Plan type at index

Comprehensive 314 1.3% 324 1.3% N/A

EPO 362 1.5% 409 1.7% N/A

POS 2128 8.8% 2131 8.8% N/A

PPO 17,381 71.7% 17,102 70.6% N/A

CDHP 2245 9.3% 2200 9.1% N/A

HDHP 1075 4.4% 1181 4.9% N/A

Unknown 730 3.0% 888 3.7% N/A

Charlson Comorbidity Index (CCI) score

Mean (SD) 0.19 0.51 0.19 0.52 - 0.0046

Number of pain conditions (based on the following five pain categories)

Mean (SD) 0.85 1.01 0.81 1.02 N/A

Number of patients with back/neck pain

Yes 6218 25.7% 5866 24.2% 0.0326

No 18,017 74.3% 18,369 75.8%

Number of patients with joint pain/arthritis

Yes 7912 32.6% 7651 31.6% 0.0227

No 16,323 67.4% 16,584 68.4%
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Table 1 continued

Characteristic Patients with opioid use Patients without opioid use Standard mean difference

N % N %

Number of patients with headache/migraine

Yes 1523 6.3% 1501 6.2% 0.0033

No 22,712 93.7% 22,734 93.8%

Number of patients with neuropathic pain

Yes 718 3.0% 685 2.8% 0.0075

No 23,517 97.0% 23,550 97.2%

Number of patients with fibromyalgia

Yes 1059 4.4% 1026 4.2% 0.0061

No 23,176 95.6% 23,209 95.8%

Number of patients with other pain conditions (chest/visceral pain/wound/trauma)

Yes 3113 12.8% 2947 12.2% 0.0191

No 21,122 87.2% 21,288 87.8%

Number of mental health conditions (based on the following four mental health categories)

Mean (SD) 0.23 0.58 0.22 0.58 N/A

Number of patients with anxiety/depression

Yes 3406 14.1% 3284 13.6% 0.0134

No 20,829 85.9% 20,951 86.4%

Number of patients with mood disorders

Yes 1953 8.1% 1866 7.7% 0.0118

No 22,282 91.9% 22,369 92.3%

Number of patients with post-traumatic stress disorder (PTSD)

Yes 133 0.5% 137 0.6% - 0.0020

No 24,102 99.5% 24,098 99.4%

Number of patients with substance-use disorder (SUD)

Yes 85 0.4% 90 0.4% - 0.0025

No 24,150 99.6% 24,145 99.6%

Number of patients with prior opioid use

Yes 8902 36.7% 8000 33.0% 0.0769

No 15,333 63.3% 16,235 67.0%

Number of patients with prior endometriosis-related surgery
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accounted for 97.5% and 97.9% of total costs
among opioid and non-opioid users ($8411 vs.
$5669, mean ratio 1.48). Estimated mean
pharmacy costs were greater among opioid
compared to non-opioid users ($174 vs. $116,
mean ratio 1.50).

The unadjusted all-cause and endometriosis-
related healthcare costs are summarized in
Table S2 in the supplementary material. On

average, opioid users had higher all-cause and
endometriosis-related healthcare costs com-
pared to non-opioid users, except for unad-
justed endometriosis-related inpatient costs. All
comparisons were significant.

DISCUSSION

Both all-cause HCRU and costs for patients with
endometriosis with opioid use during a
24-month follow-up period were significantly
higher than those for matched patients with
endometriosis without opioid use, indicating
that opioid-using patients with endometriosis
have higher total healthcare burden. The
increase in all-cause HCRU among opioid user
vs. non-opioid users was consistent across dif-
ferent service categories. These observed HCRU
trends are consistent with prior endometriosis
literature on newly diagnosed patients, where
significantly higher HCRU, including higher all-
cause hospitalizations, ER visits, physician vis-
its, and outpatient visits, has been observed
[10, 14, 29]. The high outpatient visit utilization
observed in this study suggests that primary
endometriosis management is in the outpatient
setting. Outpatient visits and pharmacy fills
were also the largest contributors to HCRU.
Although this study could not discern the rea-
son for prescribing the opioids to the analyzed
population of patients with endometriosis, the
difference in all-cause healthcare utilization
between opioid users and non-opioid users was
particularly pronounced in ER visits (mean ratio

Table 1 continued

Characteristic Patients with opioid use Patients without opioid use Standard mean difference

N % N %

Yes 1303 5.4% 1295 5.3% 0.0005

No 22,935 94.6% 22,940 94.7%

Number of patients with pregnancy

Yes 1539 6.4% 1366 5.6% 0.0310

No 22,696 93.6% 22,869 94.4%

CDHP consumer-driven health plan, EPO exclusive provider organization, HDPH high deductible health plan, POS point-
of-service, PPO preferred provider organization, SD standard deviation

Fig. 2 Adjusted mean ratio with 95% CI for HCRU by
service category. HCRU healthcare resource utilization, CI
confidence interval, ER emergency room
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1.53), possibly pointing to additional underly-
ing conditions or an insufficient management

of symptoms among the opioid-using popula-
tion requiring frequent ER visits. Similarly, the

Table 2 Adjusted HCRU for patients with endometriosis after matching

Characteristics Estimated mean for patients
with opioid use

Estimated mean for patients
without opioid use

Estimated mean ratio
(95% CI)

p value

All-cause HCRU

Outpatient

visits

30.33 27.94 1.09 (1.07–1.10) \ 0.0001

ER visits 0.65 0.42 1.53 (1.47–1.58) \ 0.0001

Inpatient

visits

0.28 0.23 1.23 (1.19–1.28) \ 0.0001

Total LOS 1.01 0.82 1.23 (1.16–1.31) \ 0.0001

Pharmacy fills 29.59 22.06 1.34 (1.32–1.36) \ 0.0001

Endometriosis-related HCRU

Outpatient

visits

1.73 1.82 0.95 (0.93–0.98) 0.0003

ER visits 0.027 0.026 1.03 (0.91–1.17) 0.6525

Inpatient

visits

0.05 0.07 0.74 (0.69–0.80) \ 0.0001

Total LOS 0.17 0.22 0.77 (0.71–0.84) \ 0.0001

Pharmacy fills 0.36 0.29 1.26 (1.16–1.38) \ 0.0001

HCRU healthcare resource utilization, CI confidence interval, ER emergency room, LOS length of stay

Table 3 Adjusted costs for patients with endometriosis after matching

Characteristics Estimated mean for patients
with opioid use

Estimated mean for patients
without opioid use

Estimated mean ratio
(95% CI)

p value

All-cause costs

Total $26,755 $19,302 1.39 (1.36–1.41) \ 0.0001

Medical $23,615 $16,752 1.41 (1.38–1.44) \ 0.0001

Pharmacy $2728 $2110 1.29 (1.23–1.36) \ 0.0001

Endometriosis-related costs

Total $8629 $5792 1.49 (1.45–1.54) N/A

Medical $8411 $5669 1.48 (1.44–1.53) N/A

Pharmacy $174 $116 1.50 (1.34–1.67) N/A

CI confidence interval
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extent of difference in all-cause prescription fills
between two populations (mean ration 1.34)
can be understood, in addition to the intrinsi-
cally higher opioid prescription fills among the
opioid users, potentially as the difference due to
the use of prescriptions for other underlying
conditions.

However, endometriosis-related HCRU var-
ied by service categories between the popula-
tions of opioid-using and non-opioid-using
patients with endometriosis during this time
period. Opioid users had higher pharmacy fills,
but lower outpatient, inpatient visits, and total
LOS compared to non-opioid users, while simi-
lar ER utilization was observed among opioid
and non-opioid users. The higher endometrio-
sis-related pharmacy fills among opioid users
compared to non-opioid users (mean ratio 1.26)
suggests a correlation between opioid use and
increase in endometriosis disease-modifying
drugs.

Further, all-cause healthcare utilization was
greater compared to endometriosis-related
healthcare utilization. The observed magnitude
difference in all-cause and endometriosis-re-
lated HCRU across each service category can in
part be explained by difference in scope of dis-
ease management included in the analysis of
utilization. For example, pharmacy fill trend
aligns with these expectations, as the
endometriosis-related pharmacy fills were
defined with specific medications (including
danazol, goserelin, leuprolide, nafarelin, estro-
gen/progestin oral contraceptives), while all-
cause pharmacy fills represented both opioids
and other indications’ non-opioid medications.

All-cause total, medical, and pharmacy costs
for opioid users were significantly higher than
costs for non-opioid users according to both
unadjusted and adjusted multivariable analyses.
Medical costs accounted for 88.3% and 86.8% of
total costs among opioid users and non-opioid
users, respectively. All-cause costs for opioid
users were driven by outpatient costs (66%),
followed by inpatient (16%), pharmacy (14%),
and ER costs (3%). Similar patterns were
observed for non-opioid users.

Endometriosis-related costs were also higher
among opioid users compared to non-opioid
users ($360 vs. $241 per person per month,

PPPM). Endometriosis-related medical costs
accounted for nearly all of the total costs; 97.5%
and 97.9% of total costs among opioid and non-
opioid users, respectively. One reason may be
that opioid costs were not included in
endometriosis-related cost calculations.

Estimated total all-cause costs from this
analysis aligned with the literature; patients
with opioid use incurred higher costs ($1115
PPPM) compared to patients without opioid use
($804 PPPM). Existing literature found total
costs of endometriosis ranged between $963
and $3502 PPPM [9–13]. A recent analysis by As-
Sanie et al. assessed the economic burden
among opioid users [29]. They also found sig-
nificantly higher all-cause HCRU and costs in
patients with endometriosis with opioid use
compared to those without opioid use. For
example, total annual all-cause healthcare costs
for patients with endometriosis using opioids
were higher than for those without opioid use
(mean $29,236 vs. $18,446) [29]. Results from
this analysis also aligned with As-Sanie et al.
with respect to cost driver mix, where a majority
of opioid user costs were outpatient, followed
by inpatient and pharmacy costs [29]. However,
their mean annual costs among opioid users
were higher than those in this study ($29,236
vs. $26,755), which might be caused by several
reasons. First, the costs were evaluated within
the 24-month post-index period in this study,
compared to 12-month post-index in As-Sanie’s
analysis. The index date for patients with opioid
use in this study was their first opioid prescrip-
tion date after endometriosis diagnosis, while
As-Sanie used the endometriosis diagnosis date.
It was reported that patients with endometriosis
have the highest costs in the first year after
diagnosis, partly due to more surgeries in the
year after diagnosis [30]. Second, there are
prominent differences between the matched
populations used for analysis in these two
studies. For example, populations in As-Sanie
et al.’s analysis have higher hospital admissions
(0.42 and 0.30) compared to those in this study
(0.28 and 0.23) for patients with/without opioid
use, respectively.

Something of note in this study is the high
proportion of women with endometriosis who
reported opioid use. Out of the initial 85,329
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female patients with newly diagnosed
endometriosis, 71.5% were opioid users and
28.5% were non-opioid users. In comparison,
patients diagnosed with other diseases reported
lower percentages of opioid use: complex
regional pain syndrome (7.5%), trauma
(13.9%), post-surgical (6.9%), spondylosis
(1.8%), failed back surgery syndrome (4.6%),
and other chronic pain (7.3%) [30, 31]. Another
study reported that a third of patients received
an opioid prescription within 6 weeks for acute
low back pain [31]. In England, 1.9% of patients
receive opioids for chronic pain [32]. In Aus-
tralia, 0.7% and 2.6% of pregnant and non-
pregnant women with chronic or reoccurring
pain reported recent opioid use, respectively
[33].

The findings of this study are particularly
important because of the ongoing opioid crisis
in the USA. Prescribers should be aware of
increase HCRU and costs, in addition to risks
that opioids may pose to patients. Implemen-
tation of effective non-opioid strategies for
managing chronic pain may help alleviate the
excess burden associated with opioid use among
patients with endometriosis.

A strength of this analysis is that it included
a large cohort of patients with opioid use and
matched patients without opioid use to evalu-
ate the costs and healthcare utilization. Further,
the controls in this analysis are patients with
endometriosis, unlike the existing endometrio-
sis literature which has previously used patients
without endometriosis [9–14, 34–36]. Finally,
this study utilizes a geographically diverse
commercial database.

This study has several limitations inherent to
claims data analyses. The findings of this study
are limited to the IBM� MarketScan� com-
mercial population and may not be generaliz-
able to the entire USA or other countries.
Claims data do not allow use of certain demo-
graphic and clinical variables such as race, pain,
and endometriosis severity. This analysis does
not capture opioid prescriptions paid for by
cash or illicitly obtained for or administered
during an inpatient study. Upcoding or mis-
coding may not reflect actual estimations and
the analysis can only identify prescriptions fil-
led and not prescriptions taken. The statistical

differences do not imply clinical differences.
Zero cost was observed for some patients in the
cohort, which might be caused by billing error
or claims adjustment in the database. The
uncertainty of this may underestimate the true
healthcare costs. However, appropriate mod-
elling techniques were adopted to minimize the
bias. Finally, causal inference cannot be readily
drawn from this analysis considering the
intrinsic observational study design.

CONCLUSION

This study provides detailed information on the
economic burden associated with opioid use
among patients with newly diagnosed
endometriosis. Results demonstrate signifi-
cantly higher all-cause HCRU and costs for
patients with endometriosis with opioid use
during a 24-month follow-up period than those
for matched patients with endometriosis with-
out opioid use. Pain management is a backbone
of maintaining patient quality of life (QoL), as
well as long-term outcomes in endometriosis
[4]. With the more broadly recognized chal-
lenges associated with long-term opioid use, it is
important to also understand reduced pain
management strategy effectiveness and any
potential risk indicators for patient safety.
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