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Abstract

Background—The incidence of opioid-related death in women has increased five-fold over the
past decade. For many women, their initial opioid exposure will occur in the setting of routine
medical care. Approximately 1 in 3 deliveries in the U.S. is by Cesarean and opioids are
commonly prescribed for post-surgical pain management.

Objective—The objective of this study was to determine the risk that opioid naive women
prescribed opioids after Cesarean delivery will subsequently become consistent prescription opioid
users in the year following delivery, and to identify predictors for this behavior.

Study Desigh—We identified women in a database of commercial insurance beneficiaries who
underwent Cesarean delivery and who were opioid-naive in the year prior to delivery. To identify
persistent users of opioids, we used trajectory models, which group together patients with similar
patterns of medication filling during follow-up, based on patterns of opioid dispensing in the year
following Cesarean delivery. We then constructed a multivariable logistic regression model to
identify independent risk factors for membership in the persistent user group.

Results—285 of 80,127 (0.36%, 95% confidence interval 0.32 to 0.40), opioid-naive women
became persistent opioid users (identified using trajectory models based on monthly patterns of
opioid dispensing) following Cesarean delivery. Demographics and baseline comorbidity predicted
such use with moderate discrimination (c statistic = 0.73). Significant predictors included a history
of cocaine abuse (risk 7.41%; adjusted odds ratio 6.11, 95% confidence interval 1.03 to 36.31) and
other illicit substance abuse (2.36%; adjusted odds ratio 2.78, 95% confidence interval 1.12 to
6.91), tobacco use (1.45%; adjusted odds ratio 3.04, 95% confidence interval 2.03 to 4.55), back
pain (0.69%; adjusted odds ratio 1.74, 95% confidence interval 1.33 to 2.29), migraines (0.91%;
adjusted odds ratio 2.14, 95% confidence interval 1.58 to 2.90), antidepressant use (1.34%;
adjusted odds ratio 3.19, 95% confidence interval 2.41 to 4.23) and benzodiazepine use (1.99%;
adjusted odds ratio 3.72, 95% confidence interval 2.64 to 5.26) in the year prior to Cesarean
delivery.

Conclusions—A very small proportion of opioid-naive women (approximately 1 in 300)
become persistent prescription opioid users following Cesarean delivery. Pre-existing psychiatric
comorbidity, certain pain conditions, and substance use/abuse conditions identifiable at the time of
initial opioid prescribing were predictors of persistent use.
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INTRODUCTION

The rapidly escalating increase in the incidence of opioid medication overdose among
women in the United States has received much recent attention from the U.S. Centers for
Disease Control and Prevention (CDC) and other leading health care organizations.(1, 2)
From 1999 to 2010, the rate of death from this cause increased five-fold among women.
Opioid-related emergency room visits also increased substantially over this time period.
These risks were particularly high among women of reproductive age.

While for some women the initial exposure to opioids comes from illicit purchase and use,
for many others it occurs in the course of routine medical care. A common medical event in
such patients is Cesarean delivery. Approximately 1.3 million women undergo Cesarean
delivery each year in the U.S.,(3) making it the most common inpatient surgical
procedure(4), as it is in many other developed countries. Women who undergo this
procedure typically have postoperative pain(5) and are frequently discharged with
prescriptions for opioid analgesics. Such prescriptions therefore represent a common source
of exposure to opioids in young women, many of whom may have never used these drugs
previously.

Given concerns about prescription opioid use and abuse in women of reproductive age, we
sought to determine the risk that opioid-naive women prescribed these medications after
Cesarean delivery will subsequently become persistent users of prescription opioid
medications and to identify potentially actionable predictors of this outcome.

METHODS

Data source

Cohort

Study data were derived from the Clinformatics Data Mart, a database of health care
utilization drawn from the transactions of the nationwide commercial U.S. health insurer
UnitedHealthcare, for the years 2003 to 2011. The database contains transactional data on
reimbursement for outpatient pharmacy dispensings, inpatient and outpatient services, and
procedures and associated diagnoses (recorded using ICD-9 CM codes). Only those
beneficiaries with both medical and prescription drug coverage are included in the database.
Claims submitted for payment by providers and pharmacies are verified, adjudicated,
adjusted, and de-identified prior to inclusion in the database. The use of this de-identified
database for research was approved by the Institutional Review Board of the Partners
Healthcare System (Boston, MA, United States of America).

We included all women who underwent a Cesarean delivery identified by the procedure
codes 74.0, 74.1, 74.2, 74.4, and 74.99 from the ICD-9 (International Classification of
Diseases, 9" edition) and who filled a prescription for an opioid medication on the day of
hospital discharge or within six days thereafter. This was done based on the assumption that
a filled prescription during this window would likely be to treat acute postoperative pain
related to the Cesarean delivery. Opioids considered in the analysis included hydrocodone,
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oxycodone, codeine, meperidine, hydromorphone, morphine, fentanyl, methadone, and
oxymorphone. Follow-up began on the seventh day following discharge from the delivery
hospitalization. To allow for adequate ascertainment of baseline characteristics and
assessment of persistent post-delivery opioid use, the analysis was restricted to patients with
continuous enrollment with the insurer for at least 365 days prior to and 360 days after the
beginning of follow-up. We further restricted our cohort to women age 12 to 55 years at the
time of delivery. As the focus of the study was on the risk of persistent opioid use after
initial exposure to opioids following Cesarean delivery, we excluded women who had filled
outpatient prescriptions for opioids during the baseline period prior to delivery or who had
diagnoses in the baseline period indicating opioid abuse or dependence (although it is
possible that the woman may have used opioids prior to the baseline period). If a woman met
the inclusion criteria for more than one delivery, only the first delivery was considered in the
analysis. The final cohort consisted of 80,127 women (Figure 1).

In order to identify persistent users of opioids after Cesarean delivery, we used trajectory
models, which group together patients with similar patterns of medication filling during
follow-up. The trajectory model approach has previously been applied to the evaluation of
medication adherence.(6)

To define the trajectory groups for opioid use in our cohort, we first determined whether a
woman filled a prescription for an opioid medication during each of 12 consecutive 30-day
periods of follow-up. Based on this definition, we then fit a group-based trajectory model to
define five distinct groups of opioid use(7, 8) In this model, the log odds of filling an opioid
during each 30-day period was estimated as a third-order polynomial of time separately
within each group, as in prior evaluations of 12-month trajectories.(6) The model also
estimated the probability of group membership for each patient; patients were assigned to
the group with the highest membership probability.

Based on this model, we defined the group of patients with the highest probability of filling
over time as “persistent users.” The other four trajectory groups were considered “non-
persistent users”. The model was estimated using “Proc Traj,” in SAS (SAS, Version 9.2,
Cary, NC). A five-group model was chosen based on a combination of the Bayesian
Information Criterion and clinical interpretability of resulting trajectory groups; models with
other numbers of groups were also considered.

Trajectory models make it possible to use the observed data to define distinct filling patterns
of opioids in our cohort during the year after delivery, and classify patients into groups with
similar medication use histories. It is one approach to identifying distinct patterns of opioid
use over time that does not rely on a priori and potentially arbitrary definitions of what
constitutes high levels of opioid use. The trajectory model curves that are generated show
the estimated proportion of each group that filled an opioid prescription during each month
during the 12-month follow-up period.

Predictors of persistent opioid use

We sought to define predictors of persistent use that could be identified at the time of the
initial opioid prescription based upon diagnosis/procedure codes or medication use during
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the baseline period, defined as in the 365 days prior to initiation of follow-up. Potential
predictors included maternal age, year of delivery, delivery type, illicit substance use/abuse
and tobacco use, pain conditions, psychotropic medication use, and characteristics of the
initial opioid prescription. Maternal age at delivery was categorized as <20, 20-29, 30-39,
and =40 years. Delivery type was classified as primary or repeat Cesarean. Substance abuse
or dependence was assessed for marijuana, cocaine, other or unspecified drugs/medications
(including anxiolytic, stimulant, or hallucinogenic drugs), alcohol, and tobacco based on
recorded ICD-9 CM codes. Pain conditions assessed included back pain, fibromyalgia, and
migraine or other headache syndromes, again using ICD-9 CM codes. Filled prescriptions in
the baseline period were identified for benzodiazepines, antidepressants, antipsychotics, and
central nervous system stimulants. We used prescription information rather than diagnostic
codes to identify psychiatric conditions on the assumption that this approach is likely to
define the presence of significant psychiatric comorbidity with greater specificity.

Finally, we assessed characteristics of the initial filled outpatient opioid prescription (which
occurred following discharge from the Cesarean delivery and prior to the start of follow-up)
including the class of opioid (divided into oxycodone, hydrocodone, or other), number of
days supply, and oral morphine equivalent daily dose (mg). Days supply was divided into
tertiles of <4 days, 4-5 days, and =6 days. Morphine equivalent daily dose for the initial
prescription was also determined, based on potency(9) and the assumption that the
medication was taken regularly based on the days supply and quantity dispensed. Daily dose
was divided into tertiles for the analysis (corresponding to thresholds of <81 mg, 81 mg to
112.5 mg and >112.5 mg of oral morphine equivalent).

Univariate odds ratios (OR) and 95% confidence intervals (CI) describing the association of
these predictors with membership in the persistent-user group were determined. We then
constructed a multivariable logistic regression model predicting membership in the
persistent user group. All potential predictors were forced into the model without selection
and adjusted OR and 95% CI determined. The c-statistic, representing the model’s
discrimination, was calculated. We then used 10 bootstrap samples to measure prediction
accuracy as applied to a new set of patients not used for estimation.(10)

We also determined the frequency of potential indications for chronic opioid use in the
persistent opioid-user group based on inpatient and outpatient diagnosis codes during the
follow-up period.

Alternative approaches to defining the amount of opioid initially dispensed

We examined two alternative ways of assessing characteristics of the initial prescription that
might be associated with persistent use: the total number of opioid pills dispensed and the
total number of oral morphine milligram equivalents dispensed. The total number of pills
dispensed was divided into groups of <30, 30 to 39, and >40. The total number of oral
morphine equivalents initially dispensed was divided into tertiles of <330 mg, 330 to 400
mg, and >400 mg morphine equivalents. Each of these characteristics was separately
included in a model predicting membership in the persistent user group along with all of the
covariates included in the primary analysis (excluding the characteristics of the initial
prescription as defined in the primary analysis).
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Comparative frequency of onset of persistent opioid use

To understand how Cesarean delivery and post-delivery opioid exposure contributed to the
risk of persistent opioid use beyond the background rate at which similar women become
persistent opioid users, we defined a comparator group of women who delivered vaginally
who met the same eligibility criteria as patients in our Cesarean cohort (i.e, opioid-naive for
the year prior to delivery, 12 months of follow-up) and who did not fill an opioid within
seven days following discharge from the delivery. This comparator group was designed to
capture the baseline risk of chronic opioid use during the follow-up period in a population
with characteristics similar to our Cesarean delivery cohort (i.e. women who have recently
given birth). Unlike Cesarean delivery in which opioids are frequently dispensed to treat
post-surgical pain, opioids are not routinely prescribed following vaginal delivery, which is
typically not associated with severe pain in the post-delivery period. We compared the
frequency of three different outcomes in women with Cesarean delivery who were dispensed
an opioid and women with vaginal delivery who were not dispensed an opioid, (1) filling an
opioid in =4 months of follow-up, (2) filling an opioid in =6 months of follow-up, and (3)
filling an opioid in =8 months of follow-up. These endpoints were selected as it is not
possible to directly compare the frequency of “persistent use” defined by the trajectory
model, since the trajectory is dependent on the data. We calculated unadjusted ORs and 95%
ClI for the association between Cesarean delivery with an opioid dispensing and each of
these outcomes versus those who delivered vaginally and were not dispensed an opioid. We
then used logistic regression models to determine the association with each of the outcomes
adjusted for age, prior Cesarean delivery, substance use and abuse conditions, pain
conditions, and psychiatric medications (as shown in Table 1).

RESULTS

Cohort

Our analytic cohort consisted of 80,127 women who underwent Cesarean delivery from
2003 to 2011 and who were opioid-naive in the year prior to delivery (Figure 1). Patterns of
opioid dispensing for each group estimated by the trajectory model in twelve 30-day periods
of follow up are presented in Figure 2. For groups 1 to 3 (n = 76,557, 95.5% (95%
confidence interval (Cl) 95.4% to 95.7%) of cohort), fewer than 10% of the group members
filled an opioid prescription in each month of the follow-up period, following the index
prescription. For members of group 4 (n = 3285, 4.1% (95% CI 4.0 to 4.2) of cohort), the
estimated proportion filling an opioid prescription was 28% in the first month of follow-up,
but then decreased for each subsequent month such that by month 4 and thereafter the
proportion dispensed an opioid was less than 10%. In Group 5 (n = 285, 0.36% (95% ClI
0.32 to 0.40) of cohort), the persistent-user group, the estimated proportion filling an opioid
prescription was 37% in the first month of follow-up and increased steadily during the
follow-up such that at month 12, the proportion filling an opioid prescription was 61%. On
average, members of the persistent user group were dispensed opioids in 6.1 (standard
deviation 2.1) of the 12 follow-up months. All 285 patients filled an opioid during at least
four of the follow-up months, 218 (76%) during at least five months, 146 (51%) during at
least six months, and 59 (21%) during at least eight months; 229 (80.3%) filled an opioid
during the final two months of follow-up. The filling patterns for patients in the persistent
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user group during each month of follow-up is shown in Supplementary Table 1 and the class
of opioid medication filled one or more times by patients in the persistent user group during
each month of follow-up is shown in Supplementary Table 2.

To assess whether patients might have had more distant histories of opioid use or misuse we
identified patients with 730 days of enrollment prior the start of follow-up and no dispensed
opioid or codes indicating opioid abuse/dependence during this baseline period. In this case,
the cohort size decreased to 37,623 of whom, 87 (0.23% (95% CI 0.19 to 0.28)) were in the
persistent user trajectory group.

Predictors of persistent opioid use

The characteristics of the persistent user group were significantly different from those of the
rest of the cohort (Table 1). Persistent users were younger and more likely to be previous
users of illicit substances and tobacco. They had a higher frequency of pain conditions
and/or symptoms diagnosed in the baseline period including back pain, fibromyalgia, and
migraines. They were also more likely to have been users of psychotropic medications.

The multivariable logistic regression model predicting membership in the persistent user
group identified maternal age of 20-29 years (compared to 30-39, adjusted odds ratio (aOR)
1.40, 95% confidence interval (CI) 1.09 to 1.80), use of cocaine (aOR 6.11, 95% CI 1.03 to
36.31) or other illicit substances (aOR 2.78, 95% CI 1.12 to 6.91), tobacco use (aOR 3.04,
95% CI 2.03 to 4.55), back pain (aOR 1.74, 95% CI 1.33 to 2.29), migraines (aOR 2.14,
95% CI 1.58 to 2.90), antidepressant use (aOR 3.19, 95% CI 2.41 to 4.23), and
benzodiazepine use (aOR 3.72, 95% CI 2.64 to 5.26) as independent predictive factors.
None of the characteristics of the initial opioid prescription assessed, including type of
opioid dispensed, days supply or daily dose in morphine equivalents, were associated with
persistent use. The c-statistic for the model was 0.73, indicating moderate discrimination.
The average c-statistic across 10 bootstrapped samples was 0.67.

In sensitivity analyses examining additional characteristics of the initial prescription, neither
the total number of opioid pills in the initial prescription nor the total number of oral
morphine equivalents was associated with persistent use after adjusting for other covariates.
Compared to patients whose initial opioid prescription was for <30 pills, those dispensed
either 30 to 40 pills or >40 pills had a similar risk of persistent use (aOR 0.94, 95% CI1 0.70
to 1.25 and aOR 1.12, 95% CI 0.80 to 1.57, respectively). Likewise, compared to those
whose initial opioid prescription was for a total of <330 mg of morphine equivalents, those
with a prescription for either 330 to 400 mg, and >400 mg of morphine equivalents were at
comparable risk for persistent use (aOR 0.84, 95% CI 0.61 to 1.16 and 0.90, 95% CI 0.68 to
1.20, respectively).

While most patients in the persistent use group had a pain condition diagnosed in the follow-
up period, only a small fraction had chronic medical conditions based on inpatient and
outpatient diagnosis codes recorded during the follow-up period that would normally be
considered strong indications for chronic opioid use; only 2.8% had cancer, 2.5% had
rheumatoid arthritis, and 0.7% had chronic pancreatitis (Table 3). The proportions of these
diagnoses among non-persistent users were generally lower.
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The frequency of filling opioids during four, six, and eight or more months during the
follow-up period was substantially higher in women who underwent a Cesarean delivery and
filled an opioid in the immediate post-delivery period compared to women who delivered
vaginally and did not fill an opioid in the seven days following the delivery admission. After
adjusting for differences in age, prior Cesarean delivery, substance use and abuse conditions,
pain conditions, and psychiatric medications measured during the baseline period, women
who delivered by Cesarean and were prescribed an opioid in the seven days following the
delivery admission were at higher risk for chronic opioid use during the follow up period
compared to women who delivered vaginally and were not dispensed an opioid in the
immediate post-delivery period. The adjusted odds ratio (aOR) was 2.21 (95% CI 1.89 to
2.58) for filling an opioid prescription in =4 months, 2.68 (95% CI 2.02 to 3.55 for filling in
>6 months, and 3.47 (95% CI 2.15 to 5.50) for filling in =8 months.

DISCUSSION

We found that opioid-naive women who filled a prescription for an opioid analgesic after
Cesarean delivery have a small risk — approximately 1 in 300 — of becoming persistent users
of prescription opioids in the year following delivery. This frequency is relatively low, which
should be reassuring to physicians and patients. However, as approximately 1.3 million
women undergo Cesarean delivery in the United States (and many more worldwide)
annually, the absolute number of persistent opioid use after Cesarean delivery is likely to be
substantial. Our findings further suggest that women at high risk for this behavior are
identifiable at the time that they initiate opioid therapy, based on evident characteristics and
conditions. Physicians should be aware of the potential for persistent opioid use in this
population.

With the rapid increase in opioid addiction and opioid-related deaths and other adverse
outcomes observed in women in the United States,(1) there is a need to identify clinical
situations in which opioid exposure commonly occurs and which can create risk for
subsequent chronic use. With approximately 30 percent of all deliveries in the United States
occurring by Cesarean(3) and the majority of women undergoing this operation being given
opioids for acute pain, Cesarean delivery represents a common source of initial exposure to
opioids in women of reproductive age. Our finding that 1 in 300 opioid-naive women
become persistent users in the year following delivery suggests that this may be a period of
vulnerability, particularly for patients with certain predisposing conditions (e.g., psychiatric
comorbidity, substance abuse disorders) with the potential to lead to chronic opioid use with
all of its attendant risks.(11-15) In addition to the risks that are applicable to all populations,
use of opioids in women of reproductive age also creates risks to the fetus when subsequent
pregnancies are undertaken (including potentially increased risks for congenital
malformations and neonatal abstinence syndrome).,(16)

Little has previously been known about predictors of persistent opioid use following
Cesarean delivery. Our study identified younger age, certain types of illicit drug abuse,
tobacco use, psychiatric comorbidity (as evidenced by filled prescriptions for psychotropic
medications), and pain conditions as independent predictors of chronic opioid use in this
previously opioid-naive population. Some of these factors have been previously associated
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with prolonged opioid use following other surgeries(17) and/or regular prescription opioid
use/abuse in other clinical contexts.(18-24) Clinicians prescribing opioids to post-Cesarean
patients need to be mindful of these predictors and exercise greater caution in refilling
opioid medications which may lead to persistent use, particularly in patients with
characteristics associated with persistent use, such as those defined in this study (young age,
history of other substance abuse, tobacco use, back pain, or headaches). Physicians and
patients should cautiously evaluate whether a patient’s symptoms in the post-delivery period
are best treated with opioid medications. Health systems and payers should work to
eliminate barriers to the use of non-opioid approaches to the treatment of chronic pain
conditions including alternative medications (e.g., triptans for migraines) and physical
therapy.

While the characteristics of the initial opioid prescription filled after delivery were not
predictors of persistent opioid use, there are other good reasons to limit the amount of opioid
dispensed for acute pain following surgical procedures. Several recent studies have found
that many patients use only a fraction of the amount of opioid prescribed after such
procedures.(25, 26) Because pain following Cesarean delivery usually resolves quickly,
patients may frequently have leftover medication. A recent population-based survey reported
that 71% of patients with leftover opioids saved them(27); these medications can then be
stolen or otherwise diverted for illicit use. Other pain medications, including non-steroidal
anti-inflammatory medications and acetaminophen, lack the addictive potential of opioids
and have a more favorable side-effect profile in many situations. The use of these
medications could reduce the need for opioid use even more.

While the prescription of opioid medications following discharge after Cesarean delivery is
common in the United States, this practice may not be routine in other countries. Therefore,
future research should aim at better defining the risks and benefits associated with
prescribing opioids following this common surgical procedure. Understanding the role for
opioid use following vaginal delivery complicated by post-delivery pain is also needed.
Research should also be directed at understanding whether the practice of rapidly
discharging patients following delivery, when some patients may still be in pain, contributes
to overuse of opioid medications in this population. Similarly, work is needed to understand
whether the frequent prescribing of large amounts of opioids following delivery is driven by
concerns about the need for readmission or use of the emergency room for uncontrolled
pain.

Our study is subject to certain limitations inherent in its design. The dataset used for the
study does not have information about whether patients report persistent pain associated
with the Cesarean delivery or about the specific indications for the persistent opioid
prescription use. It is not possible to validate the information included in this database using
chart review. While a minority of patients had chronic medical conditions recorded in the
follow-up period that would be considered strong indications for chronic opioid use (e.g.,
malignancy) we cannot definitively ascertain from these data the reasons for the
prescriptions or whether the prescriptions were inappropriate. We also cannot determine the
post-delivery stressors that might contribute to persistent opioid use, nor do our data capture
information on socioeconomic factors that might be associated with this risk. The
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confidence intervals for some predictors of persistent use were wide (e.g., cocaine). It is also
challenging with our data to determine the proportion of persistent use that is causally
related to opioid exposure associated with Cesarean delivery. Our findings suggest that
patients undergoing Cesarean delivery who are dispensed an opioid medication are more
likely to use opioids heavily during the year of follow up than patients who deliver vaginally
and who are not dispensed an opioid immediately after delivery (a comparator group
designed to capture the baseline frequency of chronic opioid use in a similar population who
were not exposed to opioids after delivery). While this association persisted even after
adjusting for measured confounders, which points to exposure to opioids following
caesarean as a precipitating event, we cannot exclude the possibility that this finding is
driven by unmeasured confounding. It is also important to note that the absolute increase in
risk is very small. A recent prospective study found that chronic pain attributable to
Cesarean delivery at one-year follow-up is rare, affecting less than 1% of patients,(28)
although other studies have reported higher rates;(29) some of the persistent use that we
observe may be for this indication. Data from other surgical procedures suggest that most
patients with chronic pain following surgery discontinue opioids, and that persistent use is
more often tied to affective distress than chronic pain;(17) establishing whether this applies
to opioid use after Cesarean delivery will be an important direction for future research. An
additional limitation of our data source is that it does not include information on certain
psychological measures such as depression or anxiety scales, or self-perceived risk of
addiction, which may be important determinants of persistent use. Last, while we use
trajectory models to identify persistent users, which offers several advantages, there are
other methods that could have been used to summarize the amount of persistent use in the
follow-up period.

Our data, while accurately capturing information on filled prescriptions for opioids, does not
account for diversion of prescribed opioids. This may cause us to misestimate the proportion
of women who appear to become persistent opioid users. Likewise, we required 12 months
without opioid use before the Cesarean delivery, but we cannot account for opioid exposure
prior to that period or for unrecognized illicit opioid use; it is possible that some women
who became persistent opioid users were heavy opioid users at a point in time >1 year
before the period examined. When we repeated the analyses restricted to those with 2 years
of baseline period without opioid use, the frequency of persistent use decreased from 0.36%
to 0.23%. While this may be due to imprecision in the estimate, it may also be attributable to
changes in the characteristics of the cohort when we require 2 years of enrollment without
opioid exposure or may point to a small fraction of the persistent user group actually
representing patients who are resuming opioid therapy after discontinuing for pregnancy.
The study design required a year of enrollment with the insurer following delivery in order
to observe long-term patterns of opioid use. It is possible that women who become disabled
due to persistent pain and/or opioid use would differentially disenroll from this commercial
insurance plan. This may lead us to underestimate the number of persistent users of opioids
following Cesarean delivery. Alternatively, if patients are less likely to disenroll because
they require ongoing medical attention and prescriptions for opioids, it is possible that our
estimates are somewhat biased in the opposite direction. It is also possible that requiring a
full year of enrollment before and after the Cesarean delivery, while necessary to conduct the
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study, may somewhat limit the generalizability of the cohort. We also assume that the opioid
prescription filled on the day of hospital discharge or within six days thereafter is for post-
Cesarean pain; while this seems very reasonable, we cannot empirically confirm this
assumption. It is also very important to note that our study examines the outcome of
persistent opioid use and not opioid addiction. While previous studies have suggested that a
substantial fraction of patients on chronic opioid therapy exhibit patterns of aberrant
medication-taking behaviors,(30) we cannot determine whether patients in our cohort meet
criteria for addiction and some women may be taking the medications for appropriate
indications. Finally, we studied a commercially insured population from the U.S. In
Medicaid patients, opioids may be used in a different manner following Cesarean delivery
and our findings may not generalize to that population; this will be an important area for
future study.

Approximately 1 in 300 opioid-naive women become persistent prescription opioid users
following Cesarean delivery in the United States. Patients who are more likely to become
persistent users can be predicted using & priori patient characteristics such as pre-existing
psychiatric comorbidity and substance use/abuse. Awareness of these predictors may lead to
more discerning use of these medications in this clinical setting.
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Refer to Web version on PubMed Central for supplementary material.
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Admitted for Cesarean delivery
n = 392,492 women

Filled prescription for opioid analgesic on day of discharge or within 6 days
n = 285,237

Continuous enrollment for at least 365 days prior to start of follow-up and 360 days after follow-up
n=101,793

Age 12 - 55 years old
n=101,753

No evidence of opioid dependence or abuse in 365 days prior to start of follow-up
n=101,650

No dispensed opioids during baseline period prior to Cesarean delivery
n = 80,127

Figure 1.
Cohort selection.
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Figure 2.
Estimated average proportion in each trajectory group dispensed an opioid during each

follow-up month.
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Distribution of patient characteristics and initial opioid prescription characteristics in persistent users and non-
persistent users of opioids following Cesarean delivery. Shown as N (%).

Persistent users

Non-persistent users

(n =285) (n=79,842)
Patient characteristics
Age at delivery (years)
<20 6(2.1) 1352 (1.7)
20-29 113 (39.7) 25545 (32)
30-39 147 (51.6) 45819 (57.4)
>=40 19 (6.7) 7126 (8.9)
Repeat Cesarean delivery 126 (44.2) 33288 (41.7)
Substance use and abuse
Marijuana 1(0.4) 72 (0.1)
Cocaine 2(0.7) 25 (0)
Other substance abuse 6(2.1) 248 (0.3)
Tobacco use 29 (10.2) 1976 (2.5)
Alcohol abuse 0 (0) 150 (0.2)
Pain conditions
Fibromyalgia 13 (4.6) 1730 (2.2)
Migraines/other headache sydromes 56 (19.7) 6089 (7.6)
Back pain 83 (29.1) 12025 (15.1)
Psychiatric medications
Benzodiazepines 49 (17.2) 2408 (3)
Antidepressants 85 (29.8) 6275 (7.9)
Antipsychotics 5(1.8) 161 (0.2)
Stimulants 5(1.8) 410 (0.5)
Initial opioid prescription characteristics
Days supply (days)
<3 98 (34.4) 28492 (35.7)
4-5 126 (44.2) 37500 (47.0)
>6 61 (21.4) 13850 (17.4)
Daily dose tertile (milligrams of oral morphine equivalent)
<81 134 (47) 36309 (45.5)
81-112.5 53 (18.6) 16791 (21.0)
>112.5 98 (34.4) 26742 (33.5)
Type of opioid
Oxycodone 181 (63.5) 50066 (62.7)
Hydrocodone 80 (28.1) 24714 (31)
Other 24 (8.4) 5062 (6.3)

*
Includes anxiolytic, stimulant, hallucinogenic drugs, or abuse of unspecified drugs/medications
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Patient pre-operative characteristics and initial opioid prescription characteristics that predict persistent opioid

use following Cesarean delivery.

Unadjusted Odds
Ratio,
95% Confidence
Interval

Adjusted Odds Ratio™*
95% Confidence Interval

Patient characteristics
Age at delivery (year)
<20
20-29
30-39
>=40
Year of surgery (per year)
Repeat Cesarean delivery
Substance use and abuse
Marijuana

Cocaine

Other substance abuse ™
Tobacco use

Pain conditions
Fibromyalgia
Migraines/other headache syndromes
Back pain

Psychiatric medications
Benzodiazepines
Antidepressants
Antipsychotics
Stimulants

Initial opioid prescription characteristics

Days supply (days)

Daily dose tertile (milligrams of oral morphine equivalent)
<81
81-112.5
>112.5
Type of opioid
Oxycodone
Hydrocodone

Other

1.38 (0.61 to 3.14)
1.38 (1.08 to 1.76)
Ref
0.83 (0.52 to 1.34)
1.00 (0.95 to 1.05)
1.11 (0.88 to 1.40)

3.90 (0.54 to 28.17)
22.56 (5.32 t0 95.71)
6.90 (3.05 to 15.65)

4.47 (3.03 t0 6.57)

2.16 (1.24103.77)
2.96 (2.21 10 3.97)
2.32 (1.79 t0 2.99)

6.68 (4.90 t0 9.11)
4,98 (3.86 t0 6.43)
8.84 (3.60 to 21.69)
3.46 (1.42 t0 8.42)

Ref
0.98 (0.75 to 1.27)
1.28 (0.93 to 1.76)

Ref
0.86 (0.62 to 1.18)
0.99 (0.77 to 1.29)

Ref
0.90 (0.69 to 1.17)
1.31 (0.86 to0 2.01)

1.41 (0.61 t0 3.24)
1.40 (1.09 to 1.8)
Ref
0.76 (0.47 to 1.23)
0.98 (0.93 to 1.04)
1.21 (0.95 to 1.54)

0.30 (0.02 t0 3.67)
6.11 (1.03 to 36.31)
2.78 (112 10 6.91)

3.04 (2.03 to 4.55)

1.25 (0.70 to 2.24)
2.14 (1.58 10 2.9)
1.74 (1.33 t0 2.29)

3.72 (2.64 10 5.26)
3.19 (2.41 10 4.23)
1.36 (0.50 t0 3.71)
1.33 (0.53 t0 3.36)

Ref
0.88 (0.63 to 1.23)
0.99 (0.69 to 1.41)

Ref
1.02 (0.74 to 1.41)
1.30 (0.87 to 1.93)

Ref
0.91 (0.68t0 1.2)
1.30 (0.84 to 2.01)

*
Includes anxiolytic, stimulant, hallucinogenic drugs, or abuse of unspecified drugs/medications.
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Table 3

Distribution during the follow-up period of possible indications for chronic opioid use in persistent users and
non-persistent users of opioids following Cesarean delivery. Shown as N (%).

Persistent users (n =285)  Non-persistent users (n = 79,842)

Malignancy 8(2.8) 933 (1.2)
Rheumatoid arthritis 7(2.5) 378 (0.5)
Chronic pancreatitis 2(0.7) 27 (0.03)
Sickle cell disease 0 (0) 25 (0.03)
Migraine/other headache sydromes 45 (15.8) 2191 (2.7)
Back pain 155 (54.4) 12328 (15.4)
Fibromylagia 40 (14.0) 2156 (2.7)
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Table 4

Risk of filling opioids during 4, 6, and 8 or more months during follow-up in patients undergoing Cesarean
delivery who were dispensed an opioid and those with a vaginal delivery who were not dispensed an opioid.
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Number of Cesarean with ~ Vaginal delivery  Unadjusted odds ratio (95% CI)  Adjusted odds ratio

months with opioid without opioid (95% CI)*
opioid dispensed dispensed (N=169,576)
during follow-up (N=80,127)
>4 months 468 (0.58) 393 (0.23) 2.53(2.211t0 2.89) 2.21(1.89t0 2.58)
>6 months 148 (0.18) 105 (0.06) 2.99 (2.331t0 3.84) 2.68 (2.02 to 3.55)
>8 months 59 (0.07) 32 (0.02) 3.90 (2.54 to 6.00) 3.47 (2.15 to 5.60)

*
Adjusted for age, prior Cesarean delivery, substance use and abuse conditions, pain conditions, and psychiatric medications
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