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Background and aims—Little is known about opioid and gabapentinoid (OPI-GABA) use
duration and dose patterns’ associations with adverse outcomes risks. We examined associations
between OPI-GABA dose and duration trajectories and subsequent drug overdose.

Design—~Retrospective cohort study.
Setting—US Medicare.

Participants—Using a 5% sample (2011-2016), we identified 71,005 fee-for-service Medicare
beneficiaries with fibromyalgia, low back pain, neuropathy, and/or osteoarthritis initiating OPIs
and/or GABAs (mean age+SD=65.5+14.5 years, female=68.1%, white=76.8%).

Measurements—Group-based multi-trajectory models identified distinct OPI-GABA use
patterns during the year of OPI and/or GABA initiation, based on weekly average standardized
daily dose (i.e., OPls=morphine milligram equivalent, GABAs=minimum effective daily dose).
We estimated models with three to 12 trajectories and selected the best model based on Bayesian
information criterion (BIC) and Nagin’s criteria. We estimated risk of time to first drug overdose
diagnosis within 12 months following the index year, adjusting for socio-demographic and health
factors using inverse probability of treatment weighted multivariable Cox proportional hazards
models.

Findings—We identified 10 distinct trajectories (BIC=-1,176,954; OPl-only=3, GABA-only=3,
OPI-GABA=4). Compared with OPI-only early discontinuers (40.6% of the cohort), 1-year drug
overdose risk varied by trajectory group: consistent low-dose OPI-only users (16.6%; HR=1.47,
95%CI1=1.19-1.82), consistent high-dose OPI-only users (1.8%; HR=4.57, 95%C1=2.99-6.98),
GABA-only early discontinuers (12.5%; HR=1.39, 95%CI=1.09-1.77), consistent low-dose
GABA-only users (11.0%; HR=1.44, 95%CI=1.12-1.85), consistent high-dose GABA-only users
(3.1%; HR=1.43, 95%CI1=0.94-2.17), early discontinuation of OPIs and consistent low-dose
GABA users (6.9%; HR=1.24, 95%CI1=0.90-1.69), consistent low-dose OPI-GABA users (3.4%);
HR=2.49, 95%CI=1.76-3.52), consistent low-dose OPI and high-dose GABA users (3.2%;
HR=2.46, 95%CI1=1.71-3.53), and consistent high-dose OPI and moderate-dose GABA users
(0.9%; HR=7.22, 95%CI=4.46-11.69).

Conclusions—Risk of drug overdose varied substantially among US Medicare beneficiaries on
different use trajectories of opioids and gabapentinoids. High-dose opioid-only users and all
consistent opioid and gabapentinoid users (regardless of doses) had more than double the risk of
subsequent drug overdose compared with opioid-only early discontinuers.

Keywords
gabapentinoids; opioids; trajectories; overdose; Medicare

Introduction

The United States (US) Food and Drug Administration (FDA) has approved gabapentinoids
(GABAS), including gabapentin and pregabalin, for the treatment of partial seizures and
postherpetic neuralgia.(1, 2) Gabapentin is also approved for restless legs syndrome in
adults, while pregabalin has additional indications for diabetic peripheral neuropathy,
fibromyalgia, and neuropathic pain associated with spinal cord injury.(1, 2) A study using
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the Medical Expenditure Panel Survey (MEPS) reported that GABA use, primarily
gabapentin, tripled from 1.2% in 2002 to 3.9% in 2015 among US adults.(3) Over 80% of
gabapentin prescriptions are for off-label use for a variety of acute and chronic pain
conditions (e.g., osteoarthritis, lower back pain) in outpatient care.(4)

Substantial off-label use of GABAs has raised concerns of potential misuse, abuse,
dependence, and overdose risk, especially among individuals with concurrent opioid (OPI)
use.(5-8) Four observational studies showed that the use of GABASs alone or with OPIs was
associated with an increased risk of adverse outcomes (e.g., hospitalizations, OPI-related
deaths).(9-12) Possible explanations for the adverse outcomes associated with OPI-GABA
use are pharmacokinetic and pharmacodynamic interactions including increases in
gabapentin absorption due to co-administration of OPIs,(13) decreased renal function in
older adults, comorbid lung disease, and additive central nervous system adverse effects
(e.g., dizziness, respiratory depression).(14) Nevertheless, concurrent OPl and GABA
(hereafter OPI-GABA) use is common in the US. According to the MEPS data, 52.6% of
adults using GABASs reported OPI-GABA use in 2015.(3) In a study of US commercial
insurers, a quarter of individuals using GABASs had long-term concurrent OPI use (=120
days) in a one year period between 2013 and 2015.(15) However, there is a lack of evidence
or consensus in clinical practice on the duration and dose patterns of OPI-GABA use that are
most associated with an increased risk of adverse health outcomes.

Patterns of OPI-GABA use may change over time and vary across patient subgroups due to
multiple reasons (e.g., pain conditions). Previous studies used arbitrary single-value cutoff
points for dose and duration (e.g., having any 120 cumulative days of OPI-GABA use within
in a year), which limited the ability to identify heterogeneous utilization patterns over time.
Identifying distinct refill patterns that incorporate both OPI and GABA dose and duration
changes over time may better guide clinical care. Therefore, our a priori study objective was
to apply group-based multi-trajectory models to account for the dynamic nature of
simultaneous OPI-GABA use and examine their associations with subsequent risk of adverse
outcomes (e.g., drug overdose) among Medicare beneficiaries with fibromyalgia,
neuropathy, low back pain, or osteoarthritis who filled =1 OPIs or GABAs. We chose
Medicare beneficiaries because of the high prevalence of pain conditions and OPI and
GABA use among them, the availability of national, longitudinal data, and because the Part
D plans will soon be required to implement programs specific for high risk for opioid-related
behaviors.(3, 16-18)

Data Source, Design, and Sample

The University of Arizona Institutional Review Board approved this study (protocol no:
1709791099). The reporting of this study complied with the STROBE guidelines.(19)
Although the analysis protocol was developed prior to conducting the study, it was not pre-
registered on a publicly available platform and therefore the results should be considered
exploratory.
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This retrospective cohort study included a 5% nationally representative sample of Medicare
beneficiaries from 2011 to 2016.(20, 21) Medicare is the US government health insurance
program for individuals in the US aged =65, or those aged <65 with certain disabilities or
end-stage renal disease.(20) Since the 1970s, Medicare beneficiaries have had the option to
receive their Medicare benefits either through the federally administered traditional
Medicare program that pays providers for each service they perform for or render to a
person (i.e., fee-for-service plans) or Medicare-approved private health plans that receive
capitated payments to provide all Medicare covered services (i.e., Medicare Advantage
plans). The fee-for-service program includes the Part A (hospital) insurance, Part B
(medical) insurance, and Part D (prescription drug coverage). Medicare Advantage plans are
referred to as Part C insurance. In 2019, two-thirds of the 64 million Medicare beneficiaries
were covered by fee-for-service plans.(22) The completeness of submitting medical claims
data to the Centers for Medicare and Medicaid (CMS) varies; we thus limited our analysis to
the fee-for-service beneficiaries. The datasets used in this study included Medicare master
beneficiary summary files, medical claims of inpatient, outpatient, carrier, skilled nursing
facility, home health, hospice, durable medical equipment, and part D drug event files.

From the 5% Medicare sample, we identified fee-for-service beneficiaries who were US
residents having =1 inpatient or =2 other medical claims for fibromyalgia, neuropathy (i.e.,
diabetic peripheral neuropathy, postherpetic neuralgia, and trigeminal neuralgia), low back
pain, or osteoarthritis on different days using the International Classification of Diseases
(ICD)-9/10 codes (eTable 1).(23, 24) We focused on these chronic conditions for which
OPIs and GABAs are commonly prescribed.(25, 26) We restricted our analytical sample to
beneficiaries initiating OPIs or GABAS, who had received no OPI or GABA prescription
within six months prior to the index date (i.e., first prescription date of either OPIs or
GABAs, whichever occurred first (eFigure 1). As shown in eFigure 2, we excluded
beneficiaries who: (1) had end-stage renal disease, seizures or epilepsy, and any type of
cancer during the study period (except for non-melanoma skin cancer; eTable 1);(27) (2)
were not continuously enrolled in Parts A, B, and D between six months prior to and 12
months post the index date; (3) had a diagnosis of an outcome of interest, including drug
overdose, opioid use disorder (OUD), or non-opioid substance use disorders (SUD),(28, 29)
six months prior to and 12 months post the index date; and (4) filled opioids likely for acute
pain (i.e., with sporadic exposure defined as filling only one OPI prescription, two OPI
prescriptions but on the same day, or with <15 days of OPI supply during the index year,
based on Pharmacy Quality Alliance’s opioid risk measures that have been used by Part D
plan partners for quality improvement).(30)

Exposures: Dual-Trajectories of Concurrent Opioid and Gabapentinoid (OPI-GABA) Use

Our exposure of interest was membership in a distinct dual-trajectory of OPI-GABA use by
(1) constructing weekly measures of average standardized daily dose (SDD) for OPIs and
GABA:s in the 12 months after initiating OPIs or GABAS, respectively, and (2) identifying
distinct dose and duration patterns of OPI-GABA use by applying group-based multi-
trajectory models with SDD as the outcomes in the model. We chose a 12-month period
because (1) it allows us to have sufficient time to identify distinct chronic patterns of OPI-
GABA use over time, and (2) prior work has shown that overdose risks generally increase as
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the duration of concurrent use of OPI and other CNS medications increases but little
evidence exists for the clinically meaningful cut points of concurrent use.(31) First, based on
dispensing date and days supplied for each OPI and GABA prescription, we calculated SDD
for OPIs using morphine milligram equivalent (MME),(32) and for GABAs using 300 mg
for gabapentin and 150 mg for pregabalin).(1) Low-, moderate-, and high-dose opioid use
was defined as an average daily dosage of <50 MME, 50-90 MME, and >90 MME,
respectively.(33) For GABA use, an average daily SDD of <2 (i.e., gabapentin <600 mg or
pregabalin <300 mg), 2-3 (i.e., 600< gabapentin <900 mg or 300< pregabalin <450 mg), and
>3 (i.e., gabapentin =900 mg or pregabalin =450 mg) were considered as low-, moderate-,
and high-dose use, respectively. Second, group-based multi-trajectory models were used to
identify differential utilization patterns of OPIs, GABAs, or OPI-GABA use based on dose
used over time.(34-38) The Appendix Methods explicitly describe the analytical details of
identifying dual-trajectories of OPI-GABA use.

Outcome Variables: Drug Overdose, OUD, and Non-Opioid SUD

Covariates

The primary outcome was defined as the time to the first diagnosis drug overdose (including
fatal and non-fatal) that occurred in the 12 months following the first year of OPl or GABA
initiation. Similar to prior studies using claims data,(28, 39) we identified any occurrence of
fatal or non-fatal drug overdose (e.g., prescription opioids, heroin, and other drugs) from
inpatient or ED settings using the ICD-9/10 codes (eTable 1).(28, 29) We chose drug
overdose as our primary outcome because misuse or abuse of OPI and/or GABA is likely to
involve multiple drugs. We also examined two additional secondary outcomes including
time to the first diagnosis of (1) OUD, and (2) non-opioid SUDs from any medical claims in
the 12 months following the first year of OPI or GABA initiation.(28, 29)

Covariates were measured in the six months prior to the index date, including age, sex, race/
ethnicity (White, African American, Hispanic, and others), disability status indicating the
original reason for Medicare eligibility, and receipt of low-income subsidy (LIS) and dual
Medicaid eligibility (with LIS and dual eligibility, with only LIS or dual eligibility, and no
LIS or dual eligibility). Health status factors included the Elixhauser comorbidity index
(excluding metastatic cancers and solid tumors with or without metastasis; range 0 to 27),
serious mental illness, and anxiety disorders (eTable 1),(40) numbers of outpatient visits,
numbers of inpatient or emergency department visits, numbers of prescription fills for
benzodiazepines and Z-hypnotics, nonsteroidal anti-inflammatory drugs (NSAIDs),
antidepressants, muscle relaxants, and other prescriptions not mentioned above.

We also linked the data to the Area Health Resources Files (AHRF) to measure county-level
factors, including the standardized numbers of hospitals, non-federally employed physicians,
hospitals with pain management programs, and physical medicine/rehabilitation centers per
10,000 population as a proxy for access to health care or certain specialties, population
profile (metropolitan or non-metropolitan), annual median household income, and annual
unemployment rate.(41)
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Statistical Analysis

Characteristics of individuals in each trajectory group were described with means and
standard deviations (SD) for continuous variables and frequencies and percentages for
categorical variables. Given that the identified trajectory groups were likely to be different
by patient characteristic and disease complexity, we used multinomial logistic regression to
estimate the inverse probability of treatment weighting (IPTW) for each beneficiary. IPTW
was defined as inverse probability of an individual likely to be placed in a specific trajectory
group. Weighting subjects with IPTW created a sample in which treatment assignment was
independent of measured covariates.(42) We weighted subjects with IPTW in the analyses to
minimize confounding by covariates across trajectories. We compared the characteristics
across trajectory groups before and after weighting subjects with IPTW, using the
standardized mean difference (SMD), wherein SMD>0.1 was considered as non-negligible
differences.

The IPTW-weighted multivariable Cox proportional hazards models were used to compare
time-to-event (i.e., drug overdose, OUD, or non-opioid SUD) within the 12 months
following the first year of OPI or GABA initiation across different OPI-GABA trajectories,
adjusting for the covariates with non-negligible differences after IPTW weighting. These
models treated beneficiaries switching to Medicare Advantage plans or without any
outcomes of interest in the 12 months following the first year of OPI or GABA initiation as
censored observations, and treated beneficiaries with deaths in the 12 months following the
first year of OPI or GABA initiation as competing events.(43) We assessed the proportional
hazard assumption including time dependent covariates.(44) We assessed the validity of the
proportional hazards assumption by using Schoenfeld residuals.(45) The cause-specific
hazard ratios (HRs) with 95% confidence intervals (Cls) were reported.

We conducted two sensitivity analyses to ensure the robustness of the findings. First, we
included beneficiaries having =1 inpatient or =2 other medical claims with any pain
conditions (28) (eTable 2) in addition to fibromyalgia, neuropathy, low back pain, and
osteoarthritis. Second, in order to assess potential influences of unmeasured confounders, we
calculated the “E-value”, which is defined as the minimum strength of association that an
unmeasured confounder would need to have for both the treatment and the outcome to
reconcile a specific treatment-outcome association, conditional on the measured covariates.
(46) A large E-value implies that considerable unmeasured confounding would be needed to
account for an effect estimate; whereas, a small E-value implies little unmeasured
confounding would be needed to do s0.(46)

The group-based multi-trajectory models were estimated using STATA 15.0 (Stata-Corp LP,
College Station, TX) and the TRAJ macro (free download at http://www.andrew.cmu.edu/
user/bjones). SMDs were calculated using the R packages tableone and survey and all other
analyses were performed using SAS version 9.4 (SAS Inc., Cary, NC, USA).
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Dual-Trajectories of Concurrent OPI-GABA Use

Among 71,005 eligible beneficiaries initiating OP1 or GABA prescriptions, the overall mean
MME and SDD in the 12 months following initiation of OPIs or GABAS were 16.8
(SD=33.9) for OPIs and 1.3 (SD=2.0) for GABAs, respectively (eFigure 3). According to a
combination of BIC value (largest BIC=-1,176,954) and Nagin’s criteria, a model with ten
distinct dual-trajectories for OPI-GABA use was selected as the final model (eTable 3).

Trajectory Groups Based on Weekly Average Dose Use and Duration Patterns

Figure 1 illustrates the predicted weekly dose utilization patterns for OPI and GABA use in
the 12 months following initiation of OPIs or GABAs. Three of the ten trajectories
comprised OPIs only (59.0% of the cohort); however, there were distinct groups with respect
to weekly average dose use and duration. Specifically, 40.6% of the cohort (n=28,842) were
OPI-only early discontinuers (Group A); 16.6% were consistent low-dose OPI-only users
(Group B; MME <30); and 1.8% were consistent high-dose OPI-only users (Group C; MME
>120). Similarly, three of the ten trajectories comprised GABAS only (26.6% of the cohort):
12.5% were GABA-only early discontinuers (Group D); 11.0% were consistent low-dose
GABA-only users (Group E; SDD <2 [i.e., gabapentin <600 mg or pregabalin <300 mg]););
and 3.1% were consistent high-dose GABA-only users (Group F; SDD =>3.5 [i.e., gabapentin
> 1,050 mg or pregabalin =525 mg]). The remaining four trajectories comprised OPI-GABA
users, but with distinct dose and duration profiles: 6.9% had early discontinuation of OPIs
and consistent low-dose GABA use (Group G; GABA SDD <1 [i.e., gabapentin <300 mg or
pregabalin < 150 mg]); 3.4% were consistent low-dose OPI-GABA users (Group H; MME
<40 and SDD <1.5 [i.e., gabapentin <450 mg or pregabalin < 225 mg]); 3.2% were
consistent low-dose OPI and high-dose GABA users (Group I; MME <30 and SDD =3 [i.e.,
gabapentin =900 mg or pregabalin < 450 mg]); and 0.9% were consistent high-dose OPI and
moderate-dose GABA users (Group J; MME >120 and 1.5< SDD <3 [i.e., 450< gabapentin
<900 mg or 225 < pregabalin < 450 mg]).

Characteristics Overall and by Trajectory Group

Table 1 shows the characteristics by OPI-GABA trajectory group. Among all eligible
beneficiaries, the majority had low back pain (78.5%) or osteoarthritis (70.9%), and 20%
had fibromyalgia or neuropathy. The mean age was 65.5 (SD=14.5) years, 68.1% were
female, and 76.8% were white. The average Elixhauser comorbidity index was 2.7 (SD=2.3)
and 72.4% resided in metropolitan counties.

The identified trajectory groups had significantly different characteristics before including
the IPTW. For example, compared to the overall study cohort, individuals in the consistent
high-dose OPI and moderate-dose GABA group were more likely to have low back pain
(94.3% vs 78.5%) and fibromyalgia (38.0% vs 20.2%), to be younger (52.3+12.3 years vs
65.5+14.5 years), male (45.9% vs 31.9%), white (85.8% vs 76.8%), and to have a disability
(81.9% vs 39.3%). After accounting for the IPTW for each beneficiary, most characteristics
were comparable across trajectories, except for age, Elixhauser comorbidity index, and
number of prescriptions for NSAIDs, antidepressants, and all other prescriptions (SMD
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>0.1). The minimum and maximum SMD across the 45 group comparisons (C%O; e.g., Avs
B, Avs C, B vs C) are presented in eTable 4.

Inverse Probability Treatment Weighted Multivariable Cox Proportional Hazards Model for
Drug Overdose, OUD, Non-Opioid SUD

As shown in Figure 2 (also eTable 5), compared with OPI-only early discontinuers (crude
rate: 0.8 per 100 person-years), greater than double the risk of drug overdose was observed
among individuals in the following trajectories: consistent high-dose OPI-only users
(adjusted HR [aHR]=4.57, 95% C1=2.99-6.98), consistent low-dose OPI-GABA users
(aHR=2.49, 95% Cl=1.76-3.52), consistent low-dose OPI and high-dose GABA users
(aHR=2.46, 95% Cl=1.71-3.53), and consistent high-dose OPI and moderate-dose GABA
users (aHR=7.22, 95% Cl=4.46-11.69). Similar findings were observed for the risk of OUD
and non-opioid SUDs (eFigures 4-5, eTable 6). Compared with OPI-only early
discontinuers, consistent high-dose OPI-only users (OUD: aHR=8.11, 95% CI1=5.85-11.24;
non-opioid SUD: aHR=2.14, 95% C1=1.61-2.86) and consistent high-dose OPI and
moderate-dose GABA users (OUD: aHR=10.89, 95% CI=7.43-15.96; non-opioid SUD:
aHR=2.42, 95% Cl=1.66-3.53) were associated with the highest risk of OUD and non-
opioid SUDs.

Sensitivity analysis

The sensitivity analysis including beneficiaries with any pain conditions yielded similar
findings (eFigure 6).(28) eTable 7 shows the robustness of our findings to unmeasured
confounders. E-values indicated that the estimated HRs for consistent high-dose OPI-only
users and all consistent OPI-GABA users were more robust to the unmeasured confounding.
For example, the observed drug overdose risk (aHR=7.22) for high-dose OPI and moderate-
dose GABA users could only be explained by an unmeasured confounder that was
associated with both this trajectory group and drug overdose by a HR of 13.92-fold each,
beyond the current measured confounders, but could not be explained by a weaker
confounder.

Discussion

Our study yielded three important findings regarding OPI-GABA use among fee-for-service
Medicare beneficiaries with fibromyalgia, neuropathy, low back pain, or osteoarthritis. First,
we identified ten distinct dual-trajectories of OPI-GABA use in the 12 months following
initiation of OPIs and GABAS. This high variability likely arises from a combination of
patient factors (e.g., pain diagnosis, chronicity and severity; medication preferences),
prescriber factors (e.g., prescribing preferences), and payer factors (e.g., formulary tiers).
Second, the vast majority of beneficiaries received monotherapy, with 59.0% of the
beneficiaries using OPIs only, 26.6% using GABAs only, and only 14.4% using OPIs and
GABAs, with distinct dose and duration patterns. Third, trajectories characterized by
consistent high-dose OPI-only use (MME >120) and consistent OPI-GABA use (regardless
of doses) were associated with more than double the risk of drug overdose as compared to
OPI-only early discontinuers (i.e., discontinued within a month of initiation).
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Our findings are generally consistent with the four previous studies that suggested an
increased risk of adverse health outcomes associated with concurrent OPI-GABA use.(9-12)
However, the definitions of concurrent OPI-GABA use varied substantially in previous
studies, including (1) any overlapping OPI-GABA use in the 120 days preceding the
outcome of opioid-related death,(10, 11) (2) any pregabalin use during opioid use,(9) and 3)
concurrent OPI-GABA use 2120 days in 12 months.(12) Using single values (e.g., only
focusing on GABA doses exceeding the FDA’s maximum recommendation) over a fixed
time period to define medication use only provides a gross measure that may mask
heterogeneity in concurrent use and corresponding risk. Alternatively, data-driven group-
based multi-trajectory models have advantages and may be valuable to better characterize
dynamic changes in concurrent OPI-GABA use over time.(47, 48) Our findings that risk
magnitudes vary by OPI-GABA dose over time may help to more effectively identify
individuals at highest risk for further management (e.g., case manager follow- up).

Several other findings in our study are also noteworthy for discussion. Individuals in the
GABA only trajectory groups were associated with ~1.5 times increased risk of drug
overdose compared to opioid-only early discontinuers, even for those having GABASs below
the maximum dose approved by the FDA. Although gabapentinoids may be good non-
NSAID and opioid substitutes for some patients, clinicians should not assume that
gabapentinoids are safer and effective for all pain conditions.(49) Furthermore, we observed
consistent weekly exposures to OPIs and/or GABAs among beneficiaries with fibromyalgia,
neuropathy, low back pain, or osteoarthritis after initiating OPls or GABAs. There is a lack
of evidence supporting long-term effectiveness for OP1 and GABA use (especially for off-
label conditions). OPIs and GABAs are often prescribed with medications (e.g.,
benzodiazepines) that have central nervous system side effects among older adults, and it
may not be possible to totally avoid co-prescribing for certain patients. Regularly evaluating
clinically relevant polypharmacy with appropriate de-prescribing and dose adjustment plans,
along with integrating non-pharmacological pain management approaches should be
considered.

Recently, several clinical trials have suggested the efficacy of GABA use for off-label pain
conditions (e.g., chronic sciatica; irritable bowel syndrome) and for reducing acute and
chronic postoperative pain and OPI use.(50-55) However, given the safety concerns about
GABAs, there have been calls for placing more stringent regulations on gabapentin at the
federal level and to include gabapentin monitoring in state prescription drug monitoring
programs (PDMPs) to promote safety. Our study findings support these actions. At the state
level, several states, including Kentucky, Minnesota, Ohio, and Virginia, have required
mandatory reporting for gabapentin dispensing in PDMPs.(56) Kentucky further classified
gabapentin as a Schedule V Controlled Substance and restricts the amounts of gabapentin
that can be prescribed.(56) Other target interventions suggested for clinical practice include
promoting health provider education and awareness of the potential risk associated with
OPI-GABA use, implementing auto-alert electronic health systems, and providing risk
stratification and risk-informed monitoring of individuals with OPI-GABA use. Our
trajectory subgroups (e.g., consistent high-dose OPI and moderate-dose GABA use) may be
valuable to better guide target interventions.

Ad(diction. Author manuscript; available in PMC 2022 April 01.
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This study has several limitations. First, our claims-based analyses have limited clinical and
socio-behavioral information, such as indications for GABAS and pain severity and pain
relief with medication use that may influence OPI-GABA use. Second, we could not
determine whether individuals used prescription OPIs and GABAS as prescribed or whether
they have obtained additional drugs through case payments, illicit purchases, or from other
sources. Although unmeasured confounding could not be ruled out, our E-value results
showed that the risk estimates were robust to unmeasured confounders. Third, our diagnosis-
based SUD-related outcomes are likely to be underestimated due to under-coding issues
because of reasons such as stigma in clinical practice. Prior studies have shown high
specificity but low sensitivity in SUD-related outcomes.(57, 58) Fourth, we were not able to
link to death certificate data and thus could not distinguish fatal from non-fatal overdoses.
Finally, the study results have limited generalizability to other populations (e.g., Medicaid)
and Medicare beneficiaries using OPIs or GABAs for diagnoses other than the four included
in the current study:.

Conclusions

Risk of drug overdose, OUD, and non-opioid SUDs varied substantially by different OPI-
GABA trajectory groups among fee-for-service Medicare beneficiaries. High-dose OPI use
and consistent OPI-GABA use, especially high-dose OPI and moderate-dose GABA use,
were associated with the highest risk of adverse health outcomes. Clinicians should consider
relative risks and benefits before prescribing OPls and GABAs. When co-administration is
medically necessary, clinicians should regularly monitor the patient’s benefit-risk profiles
for continuation of OPI-GABA use and adjust OPI and GABA doses carefully.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Dual-Trajectories of Opioid and Gabapentinoid Utilization Patterns among Medicare

Bene€ficiaries

Abbreviations: GABA, gabapentinoid; MM E, morphine milligram equivalent; OPI, opioid,;

SDD, standardized daily dose

We calculated SDDs for OPIs using morphine milligram equivalent (MME) and for GABAs
using 300 mg for gabapentin and 150 mg for pregabalin). Low-, moderate-, and high-dose
opioid use was defined as an average daily dosage of <50 MME, 50-90 MME, and >90
MME, respectively. For GABA use, an average daily SDD <2 (i.e., gabapentin <600 mg or
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pregabalin <300 mg), 2-3 (i.e., 600< gabapentin <900 mg or 300< pregabalin <450 mg), and
>3 (i.e., gabapentin =900 mg or pregabalin =450 mg) were considered as low-, moderate-,
and high-dose use, respectively.
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Figure 2. Dual-Trajectories of Opioid and Gabapentinoid Utilization Patterns and Risk of Drug

Overdose among Medicare Beneficiaries
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