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Background: Gabapentinoids have been prescribed off-label for almost all types of pain. The geographic variation in the use of
gabapentinoids as analgesics remains unknown.
Objective: To describe the geographic variation in gabapentinoids, opioids and concurrent use of both for pain by US state and
metropolitan statistical area (MSA).
Methods:We conducted a cross-sectional study on December 1, 2018, among commercially insured adults aged 18–64 years without
epilepsy or opioid use disorders using IBM® MarketScan® Research Databases. We described the geographic variation in the analgesic
regimens (gabapentinoids, opioids and concurrent use of both) by state and MSA, and assessed factors associated with the geographic
variation using multilevel logistic regression.
Results: We included 9,314,197 beneficiaries; 1.4% had gabapentinoids, 1.5% had opioids and 0.3% had concurrent use of both. The
majority of gabapentinoid use lacked an FDA-approved indication. Use of the analgesic regimens varied across states (gabapentinoids
(median (interquartile range)): 1.4% (1.2–1.7%); opioids: 1.5% (1.2–1.9%); both: 0.3% (0.2–0.4%)) and MSAs (gabapentinoids: 1.6%
(1.3–2.0%); opioids: 1.8% (1.3–2.3%); both: 0.3% (0.2–0.5%)). Demographics explained the largest proportion of the between-state
and between-MSA variation. The pattern of the geographic variation in gabapentinoids was similar to that of opioids across states and
MSAs.
Conclusion: Gabapentinoids were as commonly used as opioids for pain in a commercially insured population (mostly off-label). The
geographic variation in gabapentinoids was similar to that of opioids, which suggests that gabapentinoids may be widely used as
alternatives or adjuvants to opioids across the US.
Keywords: gabapentinoids, opioids, pain, geographic variation

Introduction
Between 2001 and 2017, approximately one trillion dollars were spent on the opioid epidemic and costs continue to
increase.1 Approximately 450,000 overdose deaths involving prescription or illicit opioids occurred between 1999 and
2018,2 with the number of opioid-related deaths four times higher in 2018 than 1999.2 The Center for Disease Control
and Prevention (CDC) recommends that clinicians consider alternative therapies to opioids for pain management.3

Although acetaminophen and nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used to treat mild-to-
moderate pain, acetaminophen is usually ineffective in alleviating severe pain, and NSAIDs have contraindications
when used among patients with multiple comorbidities.4

Gabapentinoids (gabapentin and pregabalin), a class of FDA-approved antiepileptic medications with expanded
indications for certain neuropathic pain conditions, have been prescribed off-label for the treatment of pain.4–6

Between 2002 and 2015, the dispensed prescriptions of gabapentinoids tripled, likely driven by off-label use for
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pain.7 With 68 million dispensed prescriptions in 2017, gabapentin was the 10th most commonly prescribed medica-
tion in the US.8 Gabapentinoids are commonly used as alternatives or adjuvants to opioids.4,5,9 Among commercially
insured individuals, 60.8% of the patients who were prescribed with gabapentin had filled one or more opioid
prescriptions.10 Real-world evidence from large-scale observational studies on prescribing gabapentinoids as analge-
sics is limited.

The geographic variation in opioids is known, with the highest rate of opioids prescribed for duration ≥30 days
observed in Alabama (47.7/100 persons).11 Less is known about gabapentinoids. One recent study reported the
variation of gabapentin by state in a commercially insured population from 2009 to 2016 (highest prevalence in
Kentucky: 43.9/1000 beneficiaries; lowest in Washington DC: 12.7/1000 beneficiaries); however, it included gaba-
pentin use for any indications and excluded pregabalin.10 This study addresses this research gap by describing
geographic variation in gabapentinoid and/or opioid use for pain as well as identifying factors that drive geographic
variation.

Methods
Data Source
We used the IBM® MarketScan® Research Databases (2017–2018), a large US commercial claims database. It includes
employer-sponsored commercial insurance plans covering 40 million employees, their spouses and children each year,12

and captures information on patients’ demographics, enrollment of insurance plans, medical/pharmacy claims, outpatient
office visits, inpatient hospital stays and specialty care. The IBM® MarketScan® Research Databases are considered
nationally representative of Americans with employer-sponsored health insurance.12

Study Design and Sample
We conducted a nationwide cross-sectional study. The prevalence of gabapentinoid and/or opioid use for pain was identified
on December 1, 2018 (index date). We included beneficiaries aged ≥18 years with continuous insurance enrollment between
December 1, 2017, and December 1, 2018 (eFigure 1 in the Supplement). We excluded patients diagnosed with
epilepsy13,14 or opioid use disorder (OUD)15 between December 1, 2017, and December 1, 2018 (eTable 1). We assumed
that gabapentinoids and/or opioids were for pain management. We excluded beneficiaries lacking valid information on state
or metropolitan statistical area (MSA). The characteristics of the beneficiaries with missing geographic information were
similar to that of the final study sample except that most also had unknown employment status (eTable 2).

Analgesic Regimens
We included gabapentinoids and oral-administered opioids. Gabapentinoid use (ie, gabapentin and pregabalin) and opioid
use were ascertained in outpatient drug claims using generic names, generic identifiers, and national drug codes outlined
in the IBM Micromedex® RED BOOK® (2018). Patients were classified as gabapentinoid and/or opioid users if their
prescription fill date plus days of supply overlapped with December 1, 2018.

Gabapentinoid Use
We created binary variables indicating the use of gabapentin, pregabalin and gabapentinoids on the index date and
excluded the few gabapentinoid users (<0.8%) taking both. We calculated daily dose and categorized daily-dose strength
as low (gabapentin <900 mg/day, pregabalin <150 mg/day), medium (gabapentin 900–1800 mg/day, pregabalin 150–
300 mg/day) or high (gabapentin ≥1800 mg/day, pregabalin ≥300 mg/day). We created a binary variable to indicate
whether the users of gabapentinoids had labeled indications (gabapentin: postherpetic neuralgia (PHN); pregabalin: PHN,
neuropathic pain associated with diabetic peripheral neuropathy (DPN), fibromyalgia and neuropathic pain associated
with spinal cord injury) or not.19,20

Opioid Use
Opioids include oral short-acting formulas and long-acting preparations (ie, codeine, fentanyl, hydrocodone, hydromor-
phone, levorphanol, methadone, morphine, oxycodone, oxymorphone, tapentadol and tramadol). We excluded
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buprenorphine as it is used to treat OUD.42 We created a binary variable indicating the use of opioids on the index date.
We converted the dose of all opioids used on the index date to morphine milligram equivalents (MME) using opioid
morphine equivalent conversion factors and calculated daily MME (eTable 3).17,18 We categorized the daily dose of
opioids as low (<50 MME/day), medium (50–90 MME/day) or high (≥90 MME/day). We created a binary variable to
flag the concurrent use of opioids and gabapentinoids on the index date.

Geographic Variation
The December 2018 enrollment file provided two geographic variables: state (52 states including the District of
Columbia and Puerto Rico) and MSA (410-level categorical variable representing 409 MSAs and the non-MSA region).
We matched the 409 MSAs available in the initial enrollment data to 390 (out of 392) census MSAs according to the
2018 US census (except for “Guayama, PR” and “York-Hanover, PA Metro Area”)27 (eTable 4). The final MSA variable
included 390 census MSAs and the non-MSA region. MSA refers to a geographic region comprising a city or town with
high population at its core, and a few smaller cities/towns in the surrounding area, with a minimum population of 50,000.
Cities/towns in an MSA are strongly tied economically and can cross state lines. Social and economic factors among
MSAs can influence prescribing cultures.

Covariates
Covariates include demographic variables (ie, age, sex, employment status from enrollment file), painful conditions
(injuries (excludes poisonings), chronic pain, abdominal pain, head pain, psychogenic pain, musculoskeletal pain and
neuropathic pain) (eTable 5),21–26 and adjuvant analgesics (eg, tricyclic antidepressants, serotonin-norepinephrine
reuptake inhibitors (SNRIs), muscle relaxants and cannabinoids) (eTable 6). Painful conditions were ascertained over
the one-year lookback period before the index using both inpatient and outpatient claims. Analgesic use was identified on
the index date using outpatient drug claims based on the prescription fill date and days of supply.

Statistical Analysis
The point prevalence for the analgesic regimens (gabapentinoids, opioids and concurrent use of both) was calculated by
the number of people with evidence of dispensed prescriptions divided by all eligible beneficiaries. We geographically
depicted the observed variations in prevalence and average daily dose of the analgesic regimens across states and MSAs
using ArcGIS Pro.41 To estimate the factors associated with the geographic variations in gabapentinoids and/or opioids
use, we sequentially fitted three sets of cross-classified multilevel logistic regression models – one for each analgesic
regimen, with the following covariates included 1) none (ie, the null model); 2) demographics; 3) painful conditions; 4)
adjuvant analgesic use; 5) demographics + painful conditions + adjuvant analgesic use. Demographics, painful conditions
and adjuvant analgesic use were included as beneficiary-level variables; state and MSA were included as area-based
variables. To examine factors associated with the geographic variations in gabapentinoids, opioids and concurrent use of
both, odds ratios (ORs) with 95% confidence intervals (CIs) were estimated for the beneficiary-level variables. The ORs
were interpreted as prevalence ratios. Variance components of random effects of states and MSAs were rescaled to be
compared across models.16 To quantify the proportion of variations in the use of gabapentinoids, opioids, and concurrent
use of both explained by states and MSAs, proportion changes in variance (PCV) and variance partition coefficient
(VPC) were calculated for the two area-based variables from the above models. The SAS (version 9.4) command “Proc
Glimmix” was used to run the above cross-classified multilevel logistic regression models.

Results
Study Sample Characteristics
We included 9,314,197 beneficiaries (Table 1). The mean age was 42.1 years, with a similar proportion of women and
men. Most were full-time employees. Two-fifths had painful conditions; the most prevalent types were musculoskeletal
pain, abdominal pain and neuropathic pain. Among the users of gabapentinoids, opioids and both medications, the mean
age was >50 years. There was a higher proportion of women than men among the analgesic users. Painful conditions
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were present among nearly all analgesic users, especially among concurrent users of a gabapentinoid and opioids
(97.6%). Musculoskeletal and neuropathic pain was prevalent among the gabapentinoid users and concurrent users of
both medications. About one-third to two-fifths of the analgesic users were using adjuvant analgesics, with SNRIs and
muscle relaxants being most frequently used.

Geographic Variation in Gabapentinoids
Of all beneficiaries, 1.4% used gabapentinoids (gabapentin: 1.2% (average daily dose: 375 mg (SD=229.5), 80.1% off-
label); pregabalin: 0.2% (average daily dose: 124 mg (SD=76.8), 59.6% off-label)). Gabapentinoid use varied across
states (median: 1.4%; interquartile range (IQR): 1.2–1.7%) and MSAs (median: 1.6%; IQR: 1.3–2.0%) (Figures 1 and 2).
The states with the top 10 highest and lowest prevalence of gabapentinoids (as well as opioids and concurrent use of
both) were included in eTable 7. States and MSAs with relatively low prevalence of gabapentinoids could have relatively
high doses of gabapentinoids and vice versa (eFigures 2 and 3). For example, though the prevalence of gabapentinoids
was low in the District of Columbia, it had the highest daily dose of pregabalin use (153 mg/day) (eFigure 2). The high
dose of pregabalin use in the District of Columbia was not matched to greater concomitant opioid use (Figure 1).

Geographic Variation in Opioids
In total, 1.5% of the beneficiaries used opioids (average daily dose: 13 MME/day (SD=18.5)). The prevalence of opioids
varied across states (median: 1.5%; IQR: 1.2–1.9%) and MSAs (median: 1.8%; IQR: 1.3–2.3%) in a similar fashion to
gabapentinoids (Figures 1 and 2). The states with the higher and lower prevalence of opioids also had, in general, higher
and lower prevalence of gabapentinoids, respectively (Figures 1 and 2). One exception was Puerto Rico, which had one
of the highest prevalence of gabapentinoids but the lowest prevalence of opioids in the nation. Similarly to gabapenti-
noids, higher prevalence of opioid use did not necessarily lead to higher daily dose of opioids within a state or MSA and
vice versa (eFigure 4).

Geographic Variation in Concurrent Use of a Gabapentinoid and Opioids
Concurrent users of a gabapentinoid and opioids made up 0.3% of the sample. For this analgesic regimen, the average
daily dose was low for opioids and gabapentin but medium for pregabalin (opioids: 16 MME (SD=21.2); gabapentin:
352 mg (SD=26.8); pregabalin: 288 mg (SD=63.6)). Concurrent use of both a gabapentinoid and opioids varies across
states (median: 0.3%; IQR: 0.2–0.4%) and MSAs (median: 0.3%; IQR: 0.2–0.5%) in a similar way to gabapentinoids and
opioids (Figures 1 and 2). In parallel with gabapentinoids and opioids, higher prevalence of concurrent use within a state/
MSA did not necessarily lead to higher daily dose used within a state/MSA and vice versa (eFigure 5 and 6). The
following MSAs had high daily doses of pregabalin use (≥300 mg/day): Santa Rosa-CA, Florence-Muscle Shoals-AL,
Dubuque-IA, Harrisonburg-VA, Barnstable Town-MA, Bellingham-WA, Fargo-ND-MN, Merced-CA and Farmington-
NM (eFigure 6).

Factors Associated with Gabapentinoids and/or Opioids
For gabapentinoids, as compared to beneficiaries aged 18–34 years, beneficiaries in the older age groups had higher
prevalence of gabapentinoid use after adjusting for covariates (adjusted OR (aOR)gabapentinoids (55–64 vs 18–34)=4.17, 95%
CI = (4.07–4.26) (Table 2). Similar trends were observed for opioids (aOR opioids (55–64 vs 18–34)= 3.48, 95% CI = (3.41–
3.55)) and concurrent use of both medications (aOR both (55–64 vs 18–34)= 4.63, 95% CI = (4.35–4.94)). Women had higher
prevalence of gabapentinoid use compared to men (aORgabapentinoids=1.11, 95% CI = (1.10–1.13)) but lower prevalence of
opioid use (aORopioids=0.88, 95% CI = (0.87–0.89)) and concurrent use of both (aORboth=0.95, 95% CI = (0.93–0.98)).
Among painful conditions, the factor most strongly associated with gabapentinoids and concurrent use of both was
neuropathic pain (aORgabapentinoids=7.35, 95% CI = (7.24–7.46); aORboth=7.16, 95% CI = (6.92–7.41)), and that strongly
associated with opioids was chronic pain (aORopioids=5.20, 95% CI = (5.14–5.27)). Among all adjuvant analgesics,
adjuvant muscle relaxant use was the strongest predictor of gabapentinoids use (aORgabapentinoids=3.37, 95% CI = (3.29–
3.44)) and concurrent use of both (aORboth=4.03, 95% CI = (3.89–4.17)), and cannabis use was the strongest predictor of
opioid use (aORopioids=8.42, 95% CI = (6.32–11.22)).
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Factors Explaining the Geographic Variation
Demographics, painful conditions and adjuvant analgesic use together explained the majority of the between-state and
between-MSA variation for gabapentinoids (PCVstate=86.5%; PCVMSA = 86.9%), opioids (PCVstate=80.4%;
PCVMSA=80.3%), and concurrent use of both medications (PCVstate = 91.0%; PCVMSA = 89.9%) (Table 3).
Demographics explained the largest proportion of the between-state and between-MSA variations (opioids:
PCVstate=78.1%, PCVMSA=78.9%; gabapentinoids: PCVstate=79.5%, PCVMSA = 82.3%; both: PCVstate=87.2%,
PCVMSA=87.6%). The total variance in the analgesic regimens explained by states was similar to that explained by
MSAs (eg, gabapentinoids: VPCstate = 0.0020, VPCMSA = 0.0018).

Discussion
We found that gabapentinoids were as commonly used as opioids for pain in a commercially insured population,
potentially for a variety of painful conditions including musculoskeletal, neuropathic, chronic, abdominal, head pain

Table 1 Characteristics of the Study Population on December 1, 2018 (n=9,314,197)

Characteristic Stratified by Analgesic Medication Use Overall, %
(n=9,314,197)

Gabapentinoids, %
(n=130,396)

Opioids, %
(n=143,284)

Concurrent Use of a Gabapentinoid
and Opioids, % (n=26,956)

Age, years
Mean (SD) 51.5 (9.9) 50.7 (10.0) 52.4 (8.7) 42.1 (13.5)

18–34 7.1 8.0 4.2 32.0

35–44 13.8 16.7 14.2 20.6
45–54 31.4 31.3 32.7 23.9

55–64 47.7 44.0 48.9 23.5

Women 63.0 57.4 62.3 51.5
Employment Status
Active full time 73.1 73.8 70.7 81.8

Active part time or seasonal 1.5 1.4 1.2 1.9
Retireea 11.7 10.8 12.8 5.4

Other/unknownb 13.7 14.0 15.3 10.8

Painful Conditions 89.6 91.3 97.6 41.4
Musculoskeletal pain 78.3 84.1 93.1 32.2

Neuropathic pain 66.0 53.5 80.0 10.3

Chronic pain 26.0 38.1 51.5 3.9
Abdominal pain 23.5 24.2 26.1 11.4

Head pain 13.5 12.6 14.7 4.3

Injuries (excludes poisonings) 11.2 12.4 14.3 5.0
Psychogenic pain 0.6 0.7 1.3 *

Adjuvant Analgesic Usec 32.1 27.6 43.7 4.4

Serotonin–norepinephrine
reuptake inhibitors (SNRIs)

15.9 11.7 20.5 2.0

Tricyclic antidepressants 3.9 2.9 5.0 0.4
Muscle relaxants 11.1 11.3 19.8 1.0

Anticonvulsants 3.6 2.0 3.1 0.6

Corticosteroids 3.3 4.2 4.8 0.8
Capsaicin/lidocaine patches 1.4 1.6 3.0 0.1

Cannabinoids * 0.1 0.1 *

Antiarrhythmic medications * * * *

Notes: *<0.1. aInclude early retirees, medicare eligible retirees and retirees with status unknown. bInclude COBRA continue, long-term disability, surviving spouse/
dependent and other/unknown. cOverall, 2.6% of the beneficiaries were dispensed with an over-the-counter analgesic medication (acetaminophen: <0.1%; nonsteroidal anti-
inflammatory drugs (NSAIDs): 0.3%; salicylates: 2.3%), though a majority of these analgesic use might not be captured in the prescription drug claims.
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Figure 1 The prevalence of gabapentinoids and/or opioids for pain in the US by state. Data were calculated from the IBM® MarketScan® Research Databases on
December 1, 2018. The figures were generated from ArcGIS Pro. Shape data of 2018 US states and metropolitan statistical areas from IPUMS National Historical
Geographic Information System (NHGIS) were used: Manson, S., Schroeder, J., Van Riper, D., Kugler, T., and Ruggles, S., (2020). IPUMS National Historical Geographic
Information System (15.0) [Computer software]. Minneapolis, MN: IPUMS. http://doi.org/10.18128/D050.V15.0.41

Figure 2 The prevalence of gabapentinoids and/or opioids for pain in the US by metropolitan statistical areas. Data were calculated from the IBM® MarketScan® Research
Databases on December 1, 2018. The figures were generated from ArcGIS Pro. Shape data of 2018 US states and metropolitan statistical areas from IPUMS National
Historical Geographic Information System (NHGIS) were used: Manson, S., Schroeder, J., Van Riper, D., Kugler, T., and Ruggles, S. (2020). IPUMS National Historical
Geographic Information System (15.0) [Computer software]. Minneapolis, MN: IPUMS. http://doi.org/10.18128/D050.V15.0.41
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and injuries. The pattern of the between-state and between-MSA variations in gabapentinoids and concurrent use of
a gabapentinoid and opioids was similar to that of opioids alone.

The majority of the gabapentinoid use appeared to be for off-label indications, despite lacking evidence to support the
off-label prescribing of gabapentinoids for pain management.5,6 A Cochrane review concluded that gabapentin therapy
for neuropathic pain other than PHN (an approved indication) and diabetic neuropathy had limited evidence.32 Existing
evidence on gabapentin’s benefits in alleviating pain for those with diabetic neuropathy was mixed, with limited support
for beneficial effects for other pain types.5,28–31,33,48–50 One study found that preventive use of gabapentin during
chemoradiation was effective in reducing pain in patients with head and neck cancers.48 Recent clinical studies assessing
preoperative use of gabapentinoids on postoperative pain relief had mixed findings.49,50 Nevertheless, both pre-procedure
and perioperative use of gabapentinoids were irrelevant to outpatient settings where gabapentinoids might be commonly
prescribed.5 Due to the lack of evidence on the effectiveness and safety of the off-label use of gabapentinoids for pain,
their use bears potential safety concerns. Besides gabapentinoids’ common sides effects and addiction potential,6,34

concurrent use of gabapentinoids and opioids is associated with increased risks of opioid-related adverse events such as

Table 2 Factors Associated with Gabapentinoids, Opioids and Concurrent Use of Both (n=9,314,197, Statea=52, MSAb= 391)

Characteristic Adjusted Odds Ratioc (aOR, 95% CI)

Gabapentinoids Opioids Concurrent Use of a Gabapentinoid and
Opioids

Age, years
18–34 Reference Reference

35–44 1.91 (1.86–1.96) 2.14 (2.09–2.19) 2.60 (2.43–2.79)

45–54 3.02 (2.95–3.10) 2.76 (2.70–2.82) 3.71 (3.48–3.95)
55–64 4.17 (4.07–4.26) 3.48 (3.41–3.55) 4.63 (4.35–4.94)

Women 1.11 (1.10–1.13) 0.88 (0.87–0.89) 0.95 (0.93–0.98)

Employment Status
Active full time Reference Reference

Active part time or seasonal 0.97 (0.92–1.01) 0.96 (0.91–1.00) 0.86 (0.77–0.97)

Retireed 1.15 (1.13–1.18) 1.10 (1.08–1.13) 1.16 (1.12–1.21)
Other/unknowne 1.21 (1.18–1.23) 1.25 (1.23–1.27) 1.26 (1.22–1.31)

Painful Conditions
Musculoskeletal pain 1.72 (1.69–1.75) 3.80 (3.74–3.87) 4.23 (4.01–4.46)
Neuropathic pain 7.35 (7.24–7.46) 2.63 (2.60–2.67) 7.16 (6.92–7.41)

Chronic pain 2.16 (2.13–2.19) 5.20 (5.14–5.27) 5.03 (4.90–5.17)

Abdominal pain 1.27 (1.25–1.28) 1.30 (1.29–1.32) 1.12 (1.09–1.16)
Head pain 1.41 (1.38–1.43) 1.36 (1.33–1.38) 1.13 (1.08–1.17)

Injuries (excludes poisonings) 1.10 (1.08–1.12) 1.18 (1.16–1.20) 1.18 (1.14–1.23)

Psychogenic pain 1.72 (1.55–1.90) 2.96 (2.71–3.25) 2.35 (2.07–2.67)
Adjuvant Analgesic Use
Serotonin–norepinephrine reuptake inhibitors

(SNRIs)

3.09 (3.04–3.15) 2.03 (1.99–2.07) 2.58 (2.49–2.67)

Tricyclic antidepressants 2.70 (2.60–2.80) 1.97 (1.90–2.05) 2.22 (2.09–2.37)

Muscle relaxants 3.37 (3.29–3.44) 3.97 (3.88–4.06) 4.03 (3.89–4.17)
Anticonvulsants 2.74 (2.65–2.85) 1.25 (1.20–1.31) 1.44 (1.33–1.56)

Corticosteroids 1.71 (1.65–1.77) 2.51 (2.44–2.59) 1.92 (1.81–2.05)

Capsaicin/lidocaine patches 2.91 (2.74–3.10) 4.02 (3.79–4.26) 3.61 (3.31–3.93)
Cannabinoids 2.80 (2.03–3.86) 8.42 (6.32–11.22) 3.90 (2.58–5.88)

Antiarrhythmic medications 2.04 (1.33–3.10) 1.22 (0.76–1.96) 1.15 (0.52–2.55)

Notes: aInclude the 50 US states, District of Columbia and Puerto Rico. bInclude the 390 (out of 392) census metropolitan statistical areas according to the 2018 US census
(except for “Guayama, PR” and “York-Hanover, PA Metro Area”) and the non-MSA region: United States Census Bureau (2021). Metropolitan and Micropolitan Statistical
Areas Population Totals and Components of Change: 2010–2019. https://www.census.gov/data/tables/time-series/demo/popest/2010s-total-metro-and-micro-statistical-
areas.html. cAdjusted for age, sex, employment status, painful conditions and adjuvant analgesics as shown in the table above. dInclude early retirees, Medicare eligible
retirees and retirees with status unknown. eInclude COBRA continue, long-term disability, surviving spouse/dependent and other/unknown.
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Table 3 The Proportion Changesa in Between-State and Between-Metropolitan Statistical Area (MSA) Variations Explained by Beneficiary-Level Characteristics for Gabapentinoids,
Opioids and Concurrent Use of Both (n=9,314,197, Stateb=52, MSAc= 391)

Predictors in the Model

Response Variabled Null Demographicse Painful
Conditionsf

Adjuvant Analgesic
Medicationsg

Demographicse + Painful Conditionsf + Adjuvant Analgesic
Medicationsg

Gabapentinoids

τ2state 0.0492202 0.0100945 0.0142415 0.0293189 0.0066659
PCVstate Referent 79.49% 71.07% 40.43% 86.46%

τ2MSA 0.0454616 0.0080328 0.0132505 0.0294962 0.0059536

PCVMSA Referent 82.33% 70.85% 35.12% 86.90%
VPCstate 0.0145421 0.0030514 0.0042928 0.008755 0.0020184

VPCMSA 0.0134316 0.0024282 0.0039941 0.008808 0.0018027

Opioids
τ2state 0.1060922 0.0232627 0.037755 0.0814286 0.0207811

PCVstate Referent 78.07% 64.41% 23.25% 80.41%

τ2MSA 0.0924307 0.0194807 0.0321716 0.0712306 0.0182167
PCVMSA Referent 78.92% 65.19% 22.94% 80.29%

VPCstate 0.0304118 0.0069801 0.0112369 0.0236528 0.0062424

VPCMSA 0.0264957 0.0058452 0.0095751 0.0206906 0.0054721
Concurrent Use of a Gabapentinoid and

Opioids

τ2state 0.1236227 0.0158035 0.0250289 0.0783218 0.0110777
PCVstate Referent 87.22% 79.75% 36.64% 91.04%

τ2MSA 0.1117799 0.0139008 0.0223794 0.0776939 0.0112432

PCVMSA Referent 87.56% 79.98% 30.49% 89.94%
VPCstate 0.0350663 0.0047605 0.0074995 0.0227282 0.0033444

VPCMSA 0.0317070 0.0041874 0.0067056 0.0225460 0.0033944

Notes: aEstimated using cross-classified multilevel logistic regression models with random intercepts (states and MSAs) and fixed effects (age, sex, employment status, painful conditions and use of adjuvant analgesic medications. bInclude
the 50 US states, District of Columbia and Puerto Rico. cInclude the 390 (out of 392) census metropolitan statistical areas according to the 2018 US census (except for “Guayama, PR” and “York-Hanover, PA Metro Area”) and the non-
MSA region: United States Census Bureau. (2021). Metropolitan and Micropolitan Statistical Areas Population Totals and Components of Change: 2010–2019. https://www.census.gov/data/tables/time-series/demo/popest/2010s-total-
metro-and-micro-statistical-areas.html. dAll response variables were operationalized as binary outcomes. eInclude age, sex and employment status. fInclude injuries (excludes poisonings), chronic pain, abdominal pain, head pain,
psychogenic pain, musculoskeletal pain and neuropathic pain. gInclude tricyclic antidepressants, SNRIs, anticonvulsants, muscle relaxants, antiarrhythmic medications, corticosteroids, capsaicin/lidocaine patches and cannabinoids.
Abbreviations defined: τ2 is the variance of the random intercept; PCV is the proportion change in variation (PCV) explained by the multilevel model with the following formula: (τ2 in null model - τ2 in adjusted model)/ τ2 in null model;
VPC is the variance partition coefficient (VPC); VPC estimates the proportion of the response variance (use of opioids, gabapentinoids or concurrent use of both opioids and gabapentinoids) that lies at the level of states or MSAs. VPC is

calculated with the following formula: VPC stateð Þ ¼
τ2state

τ2stateþτ2MSAþ3:29
;VPC MSAð Þ ¼

τ2MSA
τ2stateþτ2MSAþ3:29

.
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opioid-related deaths9 and elevated risk of respiratory depression36 as compared to opioids alone. Without clear evidence
supporting the off-label use and dosing of gabapentinoids for painful indications, this usage of gabapentinoids can carry
substantial risks for patients.

We documented geographic variations in the prevalence and average daily dose of gabapentinoids, opioids, and
concurrent use of both across the US states and MSAs. Few studies on geographic variation in gabapentinoids were
available in the US. One nationwide study on gabapentin prescribing among commercially insured individuals in 2016
found that states in the southern regions tended to have the highest prevalence of gabapentin, including Kentucky,
Alabama, Louisiana, Oklahoma and Mississippi.10 These findings were generally consistent with ours, and the discre-
pancy was likely due to the authors including gabapentin alone. Our findings on the geographic variation of opioid use
across states was in parallel with previous research.11 Significant disparities in key opioid prescribing measures existed
across the US in 2017, including annual opioid prescriptions and annual mean MME per person.11 Furthermore, we
observed a similar pattern of geographic variations in the prevalence of gabapentinoids to that of opioids. The high
prevalence of gabapentinoids was observed in states where high prevalence of opioids and concurrent use of both
analgesics were also seen. The consistency in the pattern of geographic variations in gabapentinoids and opioids may
indicate that gabapentinoids were used as pain medications in a fashion that resembles opioids. Adding to the existing
evidence in clinical settings,4,5,9 our findings provided real-world evidence suggesting that gabapentinoids may be widely
used as alternatives or adjuvants to opioids for pain management across the US. This can represent an unmet need in
pharmacological pain management using opioids alone. Further research should be conducted to evaluate the appropriate
use of gabapentinoids as analgesics.

Reasons underlying the observed geographic variations in gabapentinoids and/or opioids were likely multifactorial.
Our analyses suggested that the geographic variations in the analgesic regimens were mostly caused by differences in
demographics, prevalence of painful comorbidities, and use of adjuvant analgesics across states and MSAs. Among all
these factors, the differences in demographics (age, sex and employment status) across geographic regions accounted for
the largest proportion of the between-state and between-MSA variations in the analgesic regimens. Specifically, we found
that older age was positively associated with the use of gabapentinoids and concurrent use of both analgesics. Women
were more likely than men to use of gabapentinoids but less likely to use opioids and concurrent use of both analgesics.
Our finding relating to gender and gabapentinoid use was consistent with some,38–40 but not all studies.35 One UK study
found that the higher the proportions of women in a general practice region, the lower the use of gabapentinoids.35 This
contradicts our finding; however, the discrepancy was likely caused by the differences in handling aggregated data and
that their study population may have been different from a US commercially insured population. Furthermore, there may
be an overlap of geographic variations in the analgesic regimens explained by disparities in demographic profiles and
prevalence of painful conditions, for example, an aging population would likely have higher prevalence of painful
comorbidities.43 Studies on factors driving high use of gabapentinoids and/or opioids in specific states/MSAs could be an
important next step in further research.

A few other factors could have also driven the observed geographic variations in the analgesic regimens but were not
examined in the study due to limitations of the data source, which warrant future research. First, legislations and policies
on gabapentinoids and opioids varied by state. Gabapentin, the mainly prescribed gabapentinoid in the US, is an
uncontrolled substance at the federal substance and in most states.37 By December 2018, only 12 states included
gabapentin in prescription drug monitoring programs (PDMP) and/or made gabapentin a Schedule V controlled
substance.37 These measures were effective in curbing gabapentin use and the effects varies by states (Unpublished
under review document). Similarly, differences in state interventions on opioid prescribing might in part explain the
observed between-state variations in opioids. These included passes of pain clinic laws, use of PDMPs, adoption of
guidelines on reduced opioids prescribing related to dose and duration, requirements of opioid-related education among
clinicians and pharmacists, and reimbursement systems within states.11,44–46 Additionally, although we did not have
information on beneficiaries’ race/ethnicity, prior research demonstrated that prescriber bias may affect prescribing
opioids for chronic pain to black patients.47 As compared to white patients, black patients reported higher level of pain
but were prescribed with lower maximum daily dose of opioids.47 Different racial/ethnic profiles across geographic
regions could potentially contribute to the disparity in gabapentinoid and opioid use for pain.
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Limitations
The study population was commercially insured adults. Our findings cannot be generalized to the pediatric population,
older adults, and those who were enrolled in Medicare/Medicaid plans. Over-the-counter pain medications and non-
pharmacological pain treatment are typically not available in claims databases, nor were indications for medications. We
used well-defined proxy measures to assess the proportion of gabapentinoids that were used off-label for pain. We
believed the magnitude of such measurement errors should be minor. Although we assumed that most off-label
gabapentinoid use in our study was for painful conditions, a small proportion can be used for non-painful conditions
such as for vasomotor symptoms associated with the menopause, restless leg syndrome, and bipolar disorder. We were
unable to adjust for measures of socioeconomic status, race/ethnicity, and pain severity.

Conclusion
Gabapentinoids were as commonly used as opioids for pain management in a commercially insured population despite
that the majority of gabapentinoid use appeared to be off-label, with little evidence supporting their safety and
effectiveness. We documented between-state and between-MSA variations in opioids, gabapentinoids and concurrent
use of both for pain where a majority of the observed variations was explained by differences in demographics across
states or MSAs, rather than painful conditions. The pattern of the geographic variation in gabapentinoids was similar to
that of opioids across states and MSAs, suggesting they may be widely used as alternatives or adjuvants to opioids across
the country.
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