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Summary
Background Gabapentin, opioids, and/or benzodiazepines are commonly prescribed for a variety of pain and psy-
chiatric conditions. Despite the high likelihood of co-prescription of these medications, little is known about co-utili-
zation of gabapentin (GABA), opioids (OP), and benzodiazepines (BZD) and associated public health outcomes.

Methods Using Medicare CCW Data, 2013-2016, we conducted a nested case-control study to examine the associa-
tion between concurrent utilization of GABA, OP, and BZD and respiratory depression, opioid, and substance-
related overdose among Medicare disabled beneficiaries. Cases and controls were Fee-for-service disabled beneficia-
ries who had a diagnosis of acute pain (AP), chronic pain (CP) or mental health conditions (MH) and received
GABA, OP or BZD. Cases with respiratory depression, opioid or substance-related overdose were matched with up
to 4 controls on socio-demographics, year of cohort entry and disease risk score. Primary exposure was concurrent
medication utilization defined as an overlap of at least one day in prescriptions for GABA, OP and BZD.

Findings Across all cohorts, the majority of cases and controls were under 65, female, dually eligible and had prior
histories of pain and mental health conditions. GABA+OP+BZD use was associated with increased odds of respira-
tory depression [AOR(95%CI)¡AP: 1.35 (1.19-1.52), CP:1.24 (1.11-1.38) and MH: 1.16 (1.02-1.32) vs. OP only], opioid-
related overdose [AP: 1.43 (1.04-1.98), CP: 1.47 (1.07-2.00) and MH: 1.44 (1.04-2.00) vs. OP only], and substance-
related overdose [AP: 1.77 (1.26-2.50), CP: 1.70 (1.24-2.34) and MH: 1.92 (1.31-2.82) vs. GABA only]. While there
were cohort differences in the association between GABA+OP and both respiratory depression and opioid-related
overdose, GABA+OP and GABA+BZD use were associated with significantly higher odds of substance-related over-
dose across all clinical cohorts.

Interpretation Among Medicare disabled beneficiaries, concurrent utilization of gabapentin, opioids, and benzodia-
zepines is associated with multiple adverse outcomes. Given this, it is imperative that the benefits and risks of co-
prescribing these medications be comprehensively examined.
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Introduction
Within the last two decades, drug-related overdose
deaths have quadrupled in the United States.1-4 In 2019
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alone, these overdoses accounted for over 70,000
deaths¡more than half of which involved an opioid.1,2

Concomitant utilization of CNS depressants such as
benzodiazepines with opioids is a known risk factor for
respiratory depression and associated opioid-related
overdose.5-8 Focused attention has been devoted to this
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Research in context

Evidence before this study

We searched PubMed for relevant articles published in
English from 2015 using the following search terms
‘gabapentin’ AND ‘opioid’ AND ‘benzodiazepines’ AND
‘overdose’ OR ‘respiratory depression.’ We identified
three articles which examined gabapentin and over-
dose. One of these articles was a Canadian based study
which noted higher rates of fatal opioid overdose when
gabapentin was used concomitantly with opioids. The
other two studies were based in the United States and
suggested that combination(s) of gabapentinoids with
opioids were associated with higher adverse outcomes,
specifically overdose and health care utilization.

Added value of this study

While the majority of prior studies focused on examin-
ing gabapentinoids (gabapentin and pregabalin) and
opioids, our study focused on teasing out the relation-
ship between gabapentin use in combination with
opioids and/or benzodiazepines and several adverse
outcomes in a high-risk Medicare disabled population.
Using a methodologically rigorous approach which
accounted for multiple confounders, our study noted
that individuals who utilized gabapentin, opioids, and
benzodiazepines were at significantly higher risk of
respiratory depression, opioid and overall substance
related overdose. Further, we noted that utilization of
gabapentin and opioids only as well as gabapentin and
benzodiazepines only was associated with a signifi-
cantly higher risk of substance-related overdose.

Implications of all the evidence available

Our study suggests that there is a need for additional
research on the combined use of gabapentin, opioids,
and benzodiazepines in other study populations. Addi-
tionally, we highlight the need for physicians to weigh
the benefits and risks associated with prescribing these
medications concomitantly.
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increased overdose risk associated with concurrent ben-
zodiazepine use among opioid users; in 2016, the FDA
issued a black box warning concerning concurrent utili-
zation of both medications. Despite modest decreases
in concurrent opioid and benzodiazepine utilization fol-
lowing this warning, up to 11,537 opioid-related overdose
deaths in 2017 involved benzodiazepines (both pharma-
ceutical and illicit sources).9,10

Gabapentin utilization is common among opioid
and/or benzodiazepine users.11-20 While only FDA
approved for partial seizures and post-herpetic neural-
gia, gabapentin has become an essential component of
several multimodal pain management strategies uti-
lized by physicians.11,12 Not only that, gabapentin is also
prescribed for the management of several psychiatric
conditions.13-20 Widespread off-label gabapentin utiliza-
tion, especially for pain and psychiatric conditions, has
been linked to its previously perceived benign safety
profile; however, recently, several studies have linked its
utilization with opioids to several adverse outcomes
including overdose and adverse drug-related events.21-29

In one of such studies, a Canadian population-based
case-control study, Gomes et al. investigated the risk of
opioid-related death among the publicly insured. They
found the rate of unintentional fatal opioid overdose
was 49% higher among individuals with concomitant
prescription opioid and gabapentin use.28 Similarly,
Zhou and colleagues noted that in the Medicare popula-
tion, consistent gabapentinoid and opioid use (regard-
less of dose) was associated with a two-fold increased
risk of drug overdose.29

Despite emerging safety concerns regarding gaba-
pentin, little is known about adverse consequences asso-
ciated with gabapentin in combination with other CNS
depressants such as benzodiazepines. In addition,
despite the high likelihood of gabapentin, opioid and
benzodiazepine co-prescription, no studies have exam-
ined the additional impact of benzodiazepines on gaba-
pentin and opioid utilization, especially given continued
opioid and benzodiazepine concurrent utilization. A
majority of the prior studies that have examined gaba-
pentin utilization have used a composite gabapentinoid
measure which also captures pregabalin; little is known
about the specific association between gabapentin alone
and many of these adverse outcomes previously exam-
ined.27-29

Given this, the goal of our study was to quantify the
associations between concurrent therapy involving
gabapentin, opioids, and benzodiazepines and public
health outcomes ¡respiratory depression events, opioid
and substance-related overdose events among Social
Security Disability Insurance (SSDI)-eligible Medicare
beneficiaries. This specific population provides access to
a cohort of individuals who, due to disability, are more
likely to be prescribed gabapentin, benzodiazepines,
and/or opioids.
Methods

Data source
We utilized a 5% random sample of 2013-2016 Chronic
Conditions Data Warehouse (CCW) Medicare data from
the Center for Medicare & Medicaid Services (CMS).
Based on the rule of thumb for sample size require-
ments (10 events per variable), our 5% random sample
exceeded this requirement.30 We obtained demographic
and enrollment information from the Master Benefi-
ciary Summary File. Data on health care utilization
were obtained from Medicare Parts A and B files, and
comprehensive prescription drug information was
derived from Medicare Part D files.
www.thelancet.com Vol 13 September, 2022
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Identification of cohort and outcomes
We conducted a nested case-control study among SSDI-
eligible Medicare beneficiaries¡SSDI eligibility was
defined using the original reason for entitlement in
Medicare flag and included both those younger than
65 years old and those 65 years old and older who origi-
nally entered Medicare based on disability. Cohort entry
date was defined as the date of the earliest prescription
fill for gabapentin, opioids, and benzodiazepines. To
address confounding by indication related to these med-
ications, we also required beneficiaries to have diagno-
ses of acute pain (AP), chronic pain (CP), or mental
health (MH) conditions in the 6-months prior to receipt
of any of our medications of interest.

To ensure availability of beneficiaries’ health care uti-
lization and prescription drug information, we excluded
beneficiaries without continuous Medicare Parts A, B
and D coverage and those with Medicare Advantage cov-
erage in the 6-months prior to and 12-months following
the cohort entry date. Because patterns of medication
utilization among individuals with cancer/hospice bene-
fits potentially differ from those of the general Medicare
population, we also excluded beneficiaries with these
conditions during the entire study period.31,32 Prior evi-
dence suggests that chronic kidney disease increases
the risk of gabapentin related respiratory depres-
sion33; hence, we excluded beneficiaries diagnosed
with this condition during our study period. Addi-
tionally, because prior events increase the risk for
subsequent outcome/events, we completed analyses
in three distinct cohorts for each outcome ¡in each
cohort, we excluded beneficiaries diagnosed with the
outcome of interest in the 6-months prior to cohort
entry. Disabled beneficiaries diagnosed with AP, CP
or MH within our nested cohort were followed for
12-months following cohort entry to ascertain out-
come and exposure status.

The primary outcomes of interest were respiratory
depression, opioid and substance-related overdose,
defined using the International Classification of Dis-
ease, Ninth and Tenth Revision, clinical codes. Sub-
stance-related overdose events included opioid, sedative
and/or epileptic poisoning and opioid-related overdose
events included opioid-related poisonings. Overdose
events included both intentional and unintentional
poisonings. We excluded overdose events related to
heroin to focus specifically on overdose events
related to prescription opioids. Cases were beneficia-
ries within the nested cohort with at least one inpa-
tient claim or two outpatient claims for an outcome
of interest in the 12-months post cohort entry. The
index date for cases was assigned as the date of the
first outcome event. Controls were beneficiaries
within the nested cohort without any of the out-
comes of interest within the 12-month follow-up
period and their index dates were randomly assigned
based on the index dates for cases.
www.thelancet.com Vol 13 September, 2022
Independent variable
The primary independent variable was concurrent med-
ication utilization. Beneficiaries with an overlap of at
least one day in the days supplied of prescriptions for
gabapentin, opioids, and benzodiazepines were consid-
ered GABA+OP+BZD users. Those with an overlap in
prescriptions for gabapentin and opioids but not benzo-
diazepines were considered GABA+OP users and those
with only opioid prescriptions were grouped as OP only
users. A similar definition applied to GABA+BZD users
and GABA only users. Exposure categories differed
based on the specific outcomes examined. For respira-
tory depression and opioid-related overdose events, we
included GABA+OP+BZD users, GABA+OP users and
OP only users. For substance-related overdose events,
we included GABA + OP + BZD users, GABA+OP
users, GABA+BZD users and GABA only users. Since
the risks for adverse outcomes associated with concur-
rent opioid and benzodiazepine utilization are well
documented, we did not include OP+BZD only in our
analysis. Additionally, given the objective of our study
was to understand the additional impact of opioid and/
or benzodiazepine use with gabapentin, we did not
examine BZD only users. Concurrent medication utili-
zation was assessed in the 90 days before the index date
for cases and controls. This 90-day time window was
selected based on current guidelines which suggest that
pain therapies should be assessed after 90 days.34
Covariates
Demographic characteristics included age, race/ethnic-
ity, and sex. Health insurance factors included Medic-
aid-Medicare dual eligibility. Clinical factors such as co-
morbidities, service utilization and pharmacologic varia-
bles were assessed. Co-morbidities captured included
chronic lung disease, diabetes, myocardial infarction,
congestive heart failure, peripheral vascular disease,
connective tissue disease, cerebrovascular disease, pep-
tic ulcer disease, liver disease, hypertension, hypothy-
roidism, seizure disorder, substance-related disorders
(alcohol, opioid and non-opioid) and dementia. Addi-
tionally, we included a measure for the number of inpa-
tient and outpatient visits to properly adjust for health
care utilization patterns in our analyses. Based on the
distribution of these visits, we categorized the number
of inpatient visits into four categories (none, 1-5, 6-10,
>10) and the number of inpatient visits into three cate-
gories (none, 1, and >1.) These covariates were mea-
sured in the 6-month baseline period prior to cohort
entry for cases and controls.
Statistical analyses
We utilized a disease risk score to summarize the rela-
tionship between covariates and outcome. A disease
risk score is particularly useful in our analysis because
3
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highly evolving prescriber preferences related to our
exposure categories make a propensity score relatively
unstable.35-38 In addition, we had multilevel exposure
categories.35-38 This score was constructed by fitting a
logistic regression model linking confounders and out-
comes in the full cohort (with exposure set as zero).35-38

The estimated probability of disease occurrence (under
the assumption of no exposure) for each beneficiary
within our cohort was used as the assigned disease risk
score for that beneficiary.35-38 We constructed separate
disease risk scores for each outcome within separate
cohorts of beneficiaries diagnosed with AP, CP, and
MH.

To increase comparability between cases and con-
trols, incident density sampling was used to match each
case with up to four controls on the following character-
istics: disease risk score, age, race, dual eligibility status,
sex, and cohort entry year. The calliper used for match-
ing disease risk scores was 0.03 for respiratory depres-
sion, and 0.008 for opioid and substance-related
overdose. When a full number of matches could not be
found, we matched as many available controls to cases.

Descriptive statistics were used to compare baseline
characteristics between cases and controls. We used
multivariable conditional logistic regression (PROC
LOGISTIC using STRATA option) to account for
matching in estimating the association between out-
comes and concurrent medication use. Selected refer-
ence categories for comparison in logistic regression
analysis differed based on the specific outcome. For
respiratory depression and opioid-related overdose, the
reference category was OP only users and for overall
substance-related overdose, GABA only users was the
selected reference category. We estimated odds ratios
(OR) and 95% confidence intervals for all comparisons
and adjusted for any covariates not previously matched
on. There was no missing data. All analyses were com-
pleted using SAS v.9.4. A 2-sided p<0.05 was consid-
ered statistically significant.

To account for varying interval periods of gabapen-
tin, opioid, and benzodiazepine utilization, we varied
the definitions of concurrent use. Tighter definitions
requiring overlap of at least 7 days for days supplied of
all medications, and continuous use of all medications
for at least 30 days (without the requirement of overlap)
were incorporated. Looser definitions including any
gabapentin, opioid and benzodiazepine exposure in the
pre-index period (without requirement of overlap) were
examined.
Results
470,044 disabled beneficiaries received at least one pre-
scription for gabapentin, opioids or benzodiazepines
during the entire study period. Of these, 131,817 benefi-
ciaries met additional inclusion criteria for the overall
nest cohort. There were 74,419 (56,595 with CP, 47,834
with AP, and 29,176 with MH) beneficiaries in our
cohort for examining respiratory depression, 78,631
(58,709 with CP, 50,256 with AP and 30,907 with MH)
beneficiaries in our opioid-related overdose cohort and
27,193 (20,520 with CP, 16,998 with AP and 12,252
with MH) beneficiaries in our substance-related over-
dose cohort. The final analytic cohort for respiratory
depression analyses included 4322 cases matched to
16,804 controls (CP cohort), 3795 cases and 14,730 con-
trols (AP cohort) and 2637 cases and 10,199 controls
(MH cohort); for opioid-related overdose¡ 412 cases
matched to 1493 controls (CP cohort), 371 cases and
1339 controls (AP cohort) and 326 cases and 1165 con-
trols (MH cohort) and for substance-related overdose
490 cases were matched to 1810 controls (CP cohort),
428 cases were matched to 1566 controls (AP cohort)
and in our MH cohort, 345 cases were matched to 1256
controls (Figure 1).

Baseline characteristics of cases and controls included
in each sub-cohort are presented in Tables 1−3. Across all
sub-cohorts, the majority of cases and controls were
younger than 65, female and dually eligible. In addi-
tion, cases and controls tended to have been previ-
ously diagnosed with pain and mental health
conditions and this pattern was consistent across all
sub-cohorts examined. Overall, baseline characteris-
tics did not differ significantly between cases and con-
trols. Across all sub-cohorts, cases tended to utilize
higher doses of opioids when compared to controls.

Among disabled Medicare beneficiaries with CP, AP,
and MH in our cohorts for respiratory depression
assessment, 486 (11.2%), 437 (11.5%) and 377 (14.3%)
cases and 9.5%, 9.3% and 12.8% of controls had concur-
rent utilization of GABA+OP+BZD, respectively. Simi-
larly, 667 (15.4%), 568 (15%) and 382 (14.5%) cases had
concurrent utilization of GABA+OP when compared to
15.1%, 14.3% and 15% of controls, respectively. Across
the CP, AP, and MH cohorts for opioid-related overdose
analyses, 81 (19.7%), 78 (21%) and 74 (22.7%) cases had
concurrent utilization of GABA+OP+BZD compared to
15.4%, 15.9%, and 17.8% of controls, respectively; 68
(16.5%), 63 (16.9%) and 48 (14.7%) cases had concur-
rent utilization of GABA+OP when compared to 14.7%,
15.3%, and 12.9% of controls, respectively. When com-
pared to 33.6%, 35%, and 40% of controls, 190 (38%),
167 (39%), and 143 (41.4%) cases in the CP, AP and
MH cohort for substance-related overdose assessment
had concurrent utilization of GABA+OP+BZD; 154
(31.4%), 140 (32.7%) and 99 (28.7%) of cases and
32.4%, 30.6%, and 28.1% of controls had concurrent
utilization of GABA+OP. Similarly, 58 (11.8%), 49
(11.5%), and 42 (12.2%) cases had concurrent utilization
of GABA+BZD when compared to 10%, 8.2% and
11.7% of controls, respectively.

Across all cohorts, GABA+OP+BZD use was associ-
ated with significantly higher odds of respiratory depres-
sion (Table 4, AOR[95%CI] AP: 1.35[1.19-1.52]; CP:1.24
www.thelancet.com Vol 13 September, 2022
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Characteristic Acute pain Chronic pain Mental Health

Cases N(%) Controls N (%) p-value Cases N (%) Controls N (%) p-value Cases N (%) Controls N (%) p-value

Age 0.57 0.51 0.6
<65 2524 (66.5) 9869 (67) 2839 (65.7) 11,128(66.2) 1877 (71.2) 7318 (71.8)
>65+ 1271 (33.5) 4861 (33) 1483 (34.3) 5676 (33.8) 760 (28.8) 2881 (28.3)

Gender 0.69 0.62 0.6
Females 2352 (62) 9181 (62.3) 2639 (61.1) 10,328(61.5) 1743 (66.1) 6800 (66.7)
Males 1443 (38) 5549 (37.7) 1683 (40) 6476 (38.5) 894 (33.9) 3399 (33.3)

Ethnicity 0.35 0.45 0.6
White 3027 (79.8) 111,879(80.6) 3458 (80) 13,562(80.7) 2218 (84.1) 8649 (84.8)
Black 572 (15.1) 2162 (14.7) 651 (15.1) 24,80 (14.8) 309 (11.7) 1155 (11.3)
Others 196 (5.2) 689 (4.7) 213 (4.9) 762 (4.5) 110 (4.2) 395 (3.9)

Dual eligibility 2517 (66.3) 9792 (66.5) 0.9 2823 (65.3) 11,008(65.5) 0.81 1846 (70) 7159 (70.2) 0.8
Chronic pain 2960 (78) 11,357 (77.1) 0.7 −−−− −−−−− −− 2471 (93.7) 9539 (93.5) 0.7
Acute pain −−− −−− −− 3614 (83.6) 13,747(81.8) 0.06 2219 (84.2) 8465 (83) 0.07
Mental Health conditions 2230 (58.8) 8454 (57.4) 0.06 2501 (57.9) 9410 (56) 0.07 −−−−− −−−− −−
Substance Use disorder 297 (7.8) 1081 (7.3) 0.3 325 (7.5) 1228 (7.3) 0.6 241 (9.1) 856 (8.4) 0.2
Chronic lung disease 1346 (35.5) 4992 (33.9) 0.06 1527 (35.3) 5713 (31.6) 0.07 1013 (38.4) 3733 (34.2) 0.05
Diabetes 1403 (37) 5216 (35.4) 0.07 1582 (36.6) 5881 (36) 0.07 914 (34.7) 3365 (33) 0.06
Myocardial Infarction 120 (3.2) 389 (2.6) 0.07 133 (3.1) 422 (2.5) 0.08 82 (3.1) 283 (2.8) 0.4
Congestive Heart Failure 430 (11.3) 1338 (9.1) 0.06 481 (11.1) 1512 (9) 0.05 273 (10.4) 857 (8.4) 0.05
Peripheral Vascular disease 351 (9.3) 1309 (8.9) 0.5 383 (8.9) 1428 (8.5) 0.4 213 (8.1) 774 (7.6) 0.4
Connective tissue disease 234 (6.2) 966 (6.6) 0.4 263 (6.1) 1094 (6.5) 0.31 133 (5) 499 (4.9) 0.7
Cerebrovascular disease 291 (7.7) 1056 (7.2) 0.3 326 (7.5) 1187 (7.1) 0.28 212 (8.0) 749 (7.3) 0.2
Peptic ulcer disease 45 (1.2) 142 (1) 0.3 44 (1) 168 (1) 0.7 30 (1.1) 91 (0.9) 0.2
Liver disease 197 (5.2) 606 (4.1) 0.08 206 (4.8) 729 (4.3) 0.2 138 (5.2) 425 (4.2) 0.07
Hypertension 1693 (44.6) 6341 (43.1) 0.08 1905 (44.1) 7124 (42.4) 0.06 1167 (44.3) 4366 (42.8) 0.2
Hypothyroidism 473 (12.5) 1866 (12.7) 0.7 507 (11.7) 2021 (12) 0.6 334 (12.7) 1324 (13) 0.7
Seizures 224 (5.9) 670 (4.6) 0.07 238 (5.5) 765 (4.6) 0.1 182 (6.9) 558 (5.5) 0.07
Dementia 73 (1.9) 307 (2.1) 0.5 73 (1.9) 307 (2.1) 0.5 55 (2.1) 214 (2.1) 0.9
Muscle relaxants 992 (26.1) 3808 (25.9) 0.7 1146 (26.5) 4260 (25.4) 0.1 759 (28.8) 2883 (28.3) 0.6
Benzodiazepines 1167 (30.8) 4256 (28.) 0.06 1341 (31) 4957 (29.5) 0.07 1063 (40.3) 3908 (38.3) 0.06
Gabapentin 986 (26) 3535 (24) 0.05 1113 (25.8) 4054 (24.1) 0.06 749 (28.4) 2727 (26.7) 0.08
Pregabalin 324 (8.5) 1226 (8.3) 0.7 362 (8.4) 1354 (8.1) 0.5 232 (8.8) 876 (8.6) 0.7
Non-benzodiazepine sedatives 575 (15.2) 2104 (14.3) 0.2 651 (15.1) 2388 (14.2) 0.2 486 (18.4) 1731 (17) 0.08
Opioids 2594 (68.4) 9869 (67) 0.06 3003 (69.5) 11,427 (68) 0.06 1906 (72.3) 7241 (71) 0.08
Opioid dose <.01 <.01 <.01

<50MME 2702 (71.8) 11,127 (76.2) 3063 (71.4) 12,657(75.7) 1815 (69.3) 7.574 (74.6)
51-90MME 608 (16.2) 2058 (14.1) 691 (6.1) 2281 (13.6) 456 (17.4) 1491 (14.7)
91-150MME 238 (6.3) 813 (5.6) 279 (6.5) 972 (5.8) 182 (7) 599 (5.9)
>150MME 217 (5.8) 614 (4.2) 257 (6) 808 (4.8) 166 (6.3) 491 (4.8)

Number of Outpatient visits 0.06 0.06 0.03
None 15 (0.4) 72 (0.5) 19 (0.4) 90 (0.5) −−−− 36 (0.4)
1-5 254 (6.7) 1093 (7.4) 364 (8.4) 1596 (9.5) −−−− 744 (7.3)

Table 1 (Continued)
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[1.11-1.38]; MH: 1.16[1.02-1.32]), opioid (AP: 1.43[1.04-
1.98]; CP:1.47[1.07-2.00]; MH: 1.44[1.04-2.00]) and sub-
stance-related overdose (AP: 1.77[1.26-2.50]; CP:1.70
[1.24-2.34]; MH: 1.92[1.31-2.82]). However, we noted
subgroup differences in the odds of respiratory depres-
sion and opioid-related overdose among GABA+OP
users (when compared to opioid only)¡GABA+OP use
was associated with higher odds of respiratory depres-
sion in the AP and CP cohort but was only associated
with higher odds of an opioid-related overdose in the
CP cohort. When compared to GABA only use, GABA
+OP and GABA+BZD use were associated with higher
odds of substance-related overdose, and this was consis-
tent across cohorts.

In sensitivity analyses involving continuous medica-
tion use for 30 days, the results for respiratory depres-
sion were similar to the main analyses. When any
medication use (without overlap requirement) was
assessed, GABA+OP use was associated with signifi-
cantly higher odds of opioid-related overdose among
beneficiaries with AP and MH. Additionally, continuous
30-day medication use and 7-day medication overlap of
GABA+OP were associated with higher odds of an opi-
oid-related overdose in the MH cohort.
Discussion
In this study, we noted that in the Medicare disabled
population, concurrent utilization of gabapentin,
opioids and benzodiazepines is associated with an
almost 2-fold increased risk of substance-related over-
dose (compared to gabapentin only users). In addition,
we noted greater than 40% and 15% increased odds of
opioid-related overdose and respiratory depression
among beneficiaries who utilized gabapentin, opioids,
and benzodiazepines concurrently (compared to opioid
only users). Concurrent utilization of gabapentin and
opioids or gabapentin and benzodiazepines also
increased the potential for substance-related overdose in
this population. Although we noted no association
between concurrent use of gabapentin and opioids with
respiratory depression and opioid-related overdose
within some of our cohorts, when we varied our defini-
tion of concurrent use, we noted an increased risk of
both outcomes within this population.

Although our findings regarding overdose are con-
sistent with previous studies that have examined the
association between gabapentinoids and overdose, the
magnitude of noted associations differs across studies.
This is likely due to heterogeneity in exposure and out-
come assessments. The previous study conducted in the
Medicare population examined gabapentin using a com-
posite gabapentinoid category which also captures pre-
gabalin. Several adverse outcomes associated with
pregabalin have been well documented; in fact, pregaba-
lin is a schedule V substance (i.e. drugs with lower
potential for abuse) in the United States. Given this, the
7



Characteristic Acute pain Chronic pain Mental Health

Cases N (%) Controls N (%) p-value Cases N (%) Controls N (%) p-value Cases N (%) Controls N (%) p-value

Age 0.8 0.9 0.5

<65 308 (83) 1120 (83.6) 345 (83.7) 1254 (84) 276 (84.7) 1003 (86.1)

>65+ 63 (17) 219 (17) 67 (16.3) 5239 (16) 50 (15.3) 162 (13.9)

Gender 0.7 0.9 0.8

Females 230 (62) 842 (62.9) 259 (62.9) 1935 (62.6) 206 (63.2) 744 (63.9)

Males 141 (38) 497 (37.1) 153 (37.1) 558 (37.4) 120 (36.8) 421 (36.1)

Ethnicity 0.6 0.6 0.9

White 326 (87.9) 1201 (89.7) 361 (87.6) 1331 (89.2) 297 (91.1) 1085 (84.8)

Black −−−−− 110 (8.2) −−−− 132 (8.8) 29 (8.9) 80 (16.2)

Others −−−−− 28 (2.1) −−−− 30 (2) −−−− −−−−
Dual eligibility 261 (70.4) 956 (71.4) 0.7 283 (68.7) 1046 (70.1) 0.6 239 (73.3) 858 (73.7) 0.8

Chronic pain 360 (97) 1291 (96.4) 0.6 −−−− −−−− −− 307 (94.2) 1070 (92) 0.2

Acute pain −−−−− −−−−− 364 (88.4) 1290 (86.4) 0.3 288 (88.3) 988 (84.8) 0.1

Mental Health conditions 282 (76) 951 (71) 0.08 301 (73.1) 1054 (70.5) 0.2 −−−− −−−− −
Substance Use disorder 142 (38.3) 428 (32) 0.07 155 (37.6) 507 (33.6) 0.08 133 (40.8) 419 (36) 0.08

Chronic lung disease 110 (29.7) 367 (27.4) 0.4 119 (28.9) 367 (24.6) 0.07 102 (31.3) 322 (27.6) 0.2

Diabetes 102 (27.5) 329 (24.6) 0.3 108 (26.2) 390 (26.1) 0.9 83 (25.5) 281 (24.1) 0.6

Myocardial Infarction −−−− 30 (2.2) 0.6 −−−−− 30 (2) 0.6 −−−− 30 (2.6) 0.9

Congestive Heart Failure 25 (6.7) 83 (6.2) 0.7 28 (6.8) 105 (7) 0.9 23 (7.1) 100 (8.6) 0.8

Peripheral Vascular disease 21 (5.7) 69 (5.2) 0.7 25 (6.1) 86 (5.8) 0.8 17 (5.2) 41 (3.5) 0.2

Connective tissue disease 16 (4.3) 63 (4.7) 0.8 16 (3.9) 76 (5.1) 0.3 13 (4) 64 (5.5) 0.3

Cerebrovascular disease 20 (5.4) 72 (5.4) 0.9 22 (5.3) 61 (4.1) 0.3 14 (4.3) 56 (4.8) 0.7

Peptic ulcer disease −−−− 17 (1.3) 0.2 44 (1) 168 (1) 0.9 −−−− 18 (1.6) 0.2

Liver disease 24 (6.5) 93 (7) 0.7 23 (5.6) 83 (5.6) 0.9 20 (6.1) 74 (6.4) 0.9

Hypertension 153 (41.2) 485 (36.2) 0.08 153 (40) 553 (37) 0.4 130 (40) 434 (37.3) 0.4

Hypothyroidism 47 (12.8) 181 (13.5) 0.7 52 (12.6) 199 (13.3) 0.7 45 (13.8) 155 (13.3) 0.8

Seizures 24 (6.5) 71 (5.3) 0.4 20 (4.9) 66 (4.4) 0.7 19 (5.9) 56 (4.9) 0.5

Dementia −−−−− −−−−− 0.9 −−−− −−−− 0.1 −−−− −−−−− −−−
Muscle relaxants 155 (41.8) 511 (38.2) 0.2 174 (42.2) 553 (37) 0.06 133 (40.8) 408 (35) 0.05

Benzodiazepines 187 (50.4) 603 (45) 0.07 209 (50.7) 684 (45.8) 0.06 181 (55.5) 593 (50.9) 0.1

Gabapentin 131 (35.3) 409 (30.6) 0.08 139 (33.7) 435 (29.1) 0.07 107 (32.8) 333 (28.6) 0.1

Pregabalin 36 (9.7) 139 (10.4) 0.7 40 (9.7) 150 (10.1) 0.8 36 (11) 110 (9.4) 0.4

Non-benzodiazepine sedatives 83 (22.4) 244 (18.2) 0.07 89 (21.6) 259 (17.4) 0.05 83 (25.5) 281 (24.1) 0.6

Opioids 301 (81.1) 1053 (78.6) 0.3 335 (81.3) 1167 (78.2) 0.2 261 (80.1) 899 (77.2) 0.3

Opioid dose <.01 <.01 164 (51.6) 791 (70) <.01

<50MME 174 (47.3) 928 (69.7) 197 (48.3) 1009 (68.1) 70 (22) 179 (15.8)

51-90MME 79 (21.5) 220 (16.5) 89 (21.8) 254 (17.1) 46 (14.5) 82 (7.2)

91-150MME 59 (16) 105 (7.9) 62 (15.2) 118 (8) 38 (12) 82 (7.2)

>150MME 56 (15.2) 79 (5.9) 60 (14.7) 101 (6.8)

Table 2 (Continued)
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inclusion of pregabalin with gabapentin potentially
masks the true association between gabapentin and
overdose. Though results from a Canadian based study
focused primarily on gabapentin, it only assessed fatal
overdose. Since prior non-fatal overdoses increase the
risk of future overdoses, a comprehensive examination
of all overdose events ¡both fatal and non-fatal¡is
essential to quantifying the risk associated with these
medications. Our study builds upon these studies and is
among the first to examine the additional impact of ben-
zodiazepine use among concurrent gabapentin and opi-
oid users.

Our finding that any gabapentin, opioid and/or ben-
zodiazepine utilization across cohorts of beneficiaries
with AP, CP and MH was more strongly associated with
opioid-related overdose than concurrent utilization is
important because it suggests that any co-utilization of
these medications ¡ even without overlapping prescrip-
tions - significantly increases the risk for potential over-
dose events. In addition, our finding that prescription
overlap of at least seven days or continuous use for at
least 30 days was strongly associated with a higher risk
of opioid-related overdose among beneficiaries with
MH suggests that long term use of these medications
especially within this population should be monitored
and avoided when possible.

The mechanism through which gabapentin poten-
tially increases opioid-related overdose is not fully
understood; however, it has been linked to increased
respiratory depression resulting from gabapentin's
potentiation of opioid analgesia through a shared physi-
ologic pathway.27,28 This is supported by our results
which indicate that GABA+OP and GABA+OP+BZD
use were associated with a higher risk of respiratory
depression in this population. Differences noted in the
associations for opioid-related overdose and those for
respiratory depression are potentially related to their
definitions. Our measure of overdose excludes poison-
ings related to heroin; since gabapentin and opioids are
often used illicitly with other substances, it is plausible
that our definition underestimates the overdose risk
associated with these medications. Similarly, our defini-
tion of respiratory depression captures non-specific
symptoms including hypoxemia, apnea, and acute and
chronic respiratory failure which may not be directly
related to overdose.

Our study is among the first to examine the associa-
tion between concurrent gabapentin, opioids, and ben-
zodiazepines and substance-related overdose. While
previous studies have focused on gabapentin use with
opioids, our finding that the odds of substance-related
overdose was especially high among GABA+BZD users
suggests that gabapentin and benzodiazepine users are
also a high-risk group who are potentially also suscepti-
ble to adverse outcomes. Not only that, since there has
been limited research on this population, they represent
a subgroup among whom further research is warranted.
9



Characteristic Acute pain Chronic pain Mental Health

Cases N(%) Controls N(%) p-value Cases N(%) Controls N(%) p-value Cases N(%) Controls N(%) p-value

Age 0.8 0.9 0.9

<65 365 (85.3) 1326 (84.7) 416 (84.9) 1533 (84.7) 297 (86.1) 1081 (86.1)

>65+ 63 (14.7) 240 (15.3) 74 (15.1) 277 (15.3) 48 (13.9) 175 (13.9)

Gender 0.9 0.9 0.8

Females 274 (64) 1006 (64.2) 309 (63.1) 1138 (62.9) 218 (63.2) 802 (63.9)

Males 154 (36) 560 (35.8) 181 (36.9) 672 (37.1) 127 (36.8) 454 (36.2)

Ethnicity 0.9 0.9 0.9

White 381 (89) 1392 (88.9) 439 (89.6) 1619 (89.5) 316 (91.6) 1155 (91.9)

Black 33 (7.7) 125 (8) 33 (6.7) 125 (6.9) 19 (5.5) 67 (5.3)

Others 14 (3.3) 49 (3.1) 18 (3.7) 66 (3.7) 10 (2.9) 34 (2.7)

Dual eligibility 333 (77.8) 1221 (78) 0.9 369 (75.3) 1364 (75.4) 0.9 270 (78.3) 986 (78.5) 0.9

Chronic pain 412 (96.3) 1492 (95.3) 0.4 −−−− −−−−− −− 331 (95.9) 1177 (93.7) 0.1

Acute pain −−−−− −−−−− −− 418 (85.3) 1494 (82.5) 0.1 335 (97.9) 1210 (96.3) 0.1

Mental Health conditions 344 (80.4) 1238 (79.1) 0.6 393 (80.2) 1415 (78.2) 0.3 −−−− −−−− −−

Substance Use disorder 83 (19.4) 251 (16) 0.06 92 (18.8) 291 (16.1) 0.1 70 (20.3) 203 (16.2) 0.07

Chronic lung disease 126 (29.4) 442 (28.2) 0.6 139 (28.4) 502 (27.7) 0.8 111 (32.2) 365 (29.1) 0.3

Diabetes 121 (28.3) 490 (31.3) 0.2 137 (28) 519 (28.7) 0.8 89 (25.1) 311 (24.8) 0.7

Myocardial Infarction 12 (2.8) 40 (2.6) 0.8 14 (2.9) 59 (3.3) 0.7 9 (2.6) 38 (3) 0.7

Congestive Heart Failure 26 (6.1) 99 (6.3) 0.9 27 (5.5) 112 (6.2) 0.6 21 (6.1) 73 (5.8) 0.9

Peripheral Vascular disease 24 (5.6) 88 (5.6) 0.9 25 (5.1) 97 (5.4) 0.8 15 (4.6) 44 (3.5) 0.5

Connective tissue disease 17 (4) 59 (3.8) 0.8 20 (4.1) 73 (4.) 0.9 12 (3.5) 51 (4.1) 0.6

Cerebrovascular disease 26 (6.1) 101 (6.5) 0.8 32 (6.5) 118 (6.5) 0.9 23 (6.7) 75 (6) 0.6

Peptic ulcer disease 8 (1.9) 20 (1.3) 0.4 8 (1.6) 27 (1.5) 0.8 6 (1.7) 16 (1.3) 0.5

Liver disease 27 (6.3) 80 (5.1) 0.3 30 (6.1) 100 (5.5) 0.6 22 (6.4) 68 (5.4) 0.5

Hypertension 161 (37.6) 607 (38.8) 0.7 185 (37.8) 677 (37.4) 0.9 135 (39.1) 450 (35.8) 0.3

Hypothyroidism 59 (13.8) 196 (12.5) 0.5 64 (13.1) 246 (13.6) 0.8 50 (14.5) 149 (11.9) 0.2

Seizures 48 (11.2) 141 (9) 0.2 58 (11.8) 199 (11) 0.1 58 (13.7) 146 (11.7) 0.1

Dementia 8 (1.9) 31 (2) 0.9 9 (1.84) 32 (1.77) 0.9 6 (1.7) 28 (2.2) 0.6

Muscle relaxants 173 (40.4) 596 (38.1) 0.4 200 (40.8) 688 (38) 0.3 138 (40) 480 (38.2) 0.6

Benzodiazepines 226 (52.8) 786 (50.2) 0.3 260 (53.1) 928 (51.3) 0.5 191 (55.4) 676 (53.9) 0.6

Gabapentin 305 (71.3) 1080 (69) 0.4 347 (70.8) 1216 (67.2) 0.1 248 (71.9) 880 (70.1) 0.5

Gabapentin dose 0.03 0.2 0.5

<900mg 183 (43.3) 781 (50.5) 216 (44.5) 888 (49.6) 191 (45.7) 770 (50.1)

901-1799mg 123 (29.1) 356 (23) 129 (26.6) 435 (24.3) 105 (25.1) 347 (22.6)

1800-2699mg 87 (20.6) 320 (20.7) 103 (21.2) 358 (20) 95 (22.7) 334 (21.7)

>2700mg 30 (7.1) 90 (5.8) 37 (7.6) 109 (6.1) 27 (6.5) 86 (5.6)

Table 3 (Continued)
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Our study had some limitations. Firstly, since we did
not have indications for any of our medications of inter-
est, there is a potential for confounding by indication
which we addressed by conducting analyses in separate
cohorts of individuals diagnosed with AP, CP and MH.
Additionally, we did not have a measure of pain severity.
It is plausible that this is an unmeasured confounder in
our analyses; however, since individuals with more
severe pain are more likely to seek treatment, we used
previous health care utilization as a proxy for pain sever-
ity in our analyses. There is a potential for selection bias
resulting from capturing only those who seek care and
missing any beneficiaries who obtained prescriptions
for any of our medications of interest via cash, other
payors, or illicit sources. However, since beneficiaries
who obtain these medications illicitly potentially utilize
these medications differently from those with prescrip-
tions, we focused specifically on adverse outcomes asso-
ciated with prescription medications.

To address the potential for detection bias, we used
an opioid only or gabapentin only reference group
rather than a no use category. In addition, since gaba-
pentin utilization has only recently become scrutinized,
it is likely that prescriber monitoring/ follow up was
similar across our exposure groups. Although the pre-
ferred approach for DRS estimation is using a time
period prior to therapy introduction, this approach was
not feasible for our study given data constraints. Never-
theless, full cohort DRS estimation has been noted to
perform well (minimal bias) in simulation studies, even
in settings with a moderate association between covari-
ates and exposure.37,38 Benzodiazepine reimbursement
under Medicare began in 2013; as a result, this limits
the number of available data years. Finally, our study
focused on the Medicare disabled population and as
such, additional research may be needed to validate
these results in other study populations.

Amid the opioid epidemic, efforts which hope to
curb this ongoing crisis must incorporate measures
which address concurrent gabapentin, opioids, and ben-
zodiazepine utilization. At the practice level, there is a
need for increased education of providers/clinicians on
the risks associated with the combined use of these
medications. In addition, in the instances of prescrib-
ing, increased monitoring of high-risk sub-groups espe-
cially those with pain and mental health conditions
should be considered. At the state and national levels,
several states have adopted regulations, legislation, and
monitoring requirements for gabapentin. At the
moment, Kentucky, Michigan, West Virginia, Virginia,
North Dakota, Alabama, and Tennessee remain the
only states where gabapentin is classified as a Schedule
V medication; however, twelve other states require man-
dated gabapentin reporting to prescription drug moni-
toring programs.39,40 While our findings support the
recent calls for more stringent legislation focused on
gabapentin prescribing within the nation − including a
11



Respiratory depression Opioid related overdose Substance related overdose

Medication
category

Unadjusted
OR 95%CI

Adjusted
OR* 95%CI

Unadjusted
OR 95%CI

Adjusted
OR* 95%CI

Unadjusted
OR 95%CI

Adjusted
OR* 95%CI

AP

GABA+OP

+BZD

1.62 (1.45-1.80) 1.35 (1.19-1.52) 3.51 (2.75-4.47) 1.43 (1.04-1.98) 3.28 (2.52-4.27) 1.77 (1.26-2.50)

GABA+OP 1.23 (1.12-1.34) 1.10(1.03-1.18) 1.60 (1.23-2.08) 1.21 (0.90-1.70) 1.98 (1.36-2.06) 1.74 (1.25-2.41)

GABA+BZD −−−−−− −−−−−− −−−−−− −−−−−− 2.79 (1.97-3.97) 2.19 (1.43-3.34)

OP only reference reference reference reference −−−−−− −−−−−−

GABA only −−−−−− −−−−−− −−−−−− −−−−−− reference reference

CP

GABA+OP

+BZD

1.56 (1.41-1.72) 1.24 (1.11-1.38) 3.24 (2.56-4.09) 1.47 (1.07-2.00) 3.16 (2.49-4.03) 1.70 (1.24-2.34)

GABA+OP 1.22 (1.21-1.33) 1.06 (1.01-1.12) 1.63 (1.27-1.95) 1.23 (1.04-1.48) 1.43 (1.11-1.83) 1.39 (1.03-1.89)

GABA+BZD −−−−−− −−−−−− −−−−−− −−−−−− 2.76 (2.00-3.82) 1.68 (1.14-2.47)

OP only reference reference reference reference −−−−−− −−−−−−

GABA only −−−−−− −−−−−− −−−−−− −−−−−− reference reference

MH

GABA+OP

+BZD

1.37 (1.22-1.54) 1.16 (1.02-1.32) 2.56 (1.99-3.28) 1.44 (1.04-2.00) 2.04 (1.60-2.61) 1.92 (1.31-2.82)

GABA+OP 1.27 (1.13-1.42) 0.98 (0.86-1.12) 1.48 (1.10-2.00) 1.29 (0.90-1.85) 1.81 (1.34-2.08) 1.63 (1.03-2.58)

GABA+BZD −−−−−− −−−−−− −−−−−− −−−−−− 1.65 (1.20-2.27) 1.64 (1.12-2.39)

OP only reference reference reference reference −−−−−− −−−−−−

GABA only −−−−−− −−−−−− −−−−−− −−−−−− reference reference

Table 4: Association between concurrent medication utilization and adverse outcomes.
AP, acute pain; CP, chronic pain; MH, Mental Health; OR, Odds Ratio.

−−−−−− N/A.

Significant findings highlighted in bold.

* Adjusted for all variables previously listed in tables 1 through 3.
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change in gabapentin scheduled status or perhaps,
more widespread incorporation of gabapentin in pre-
scription drug monitoring programs, our results should
be interpreted within the context of the discussed
limitations.27,29,39,40

Among Medicare disabled beneficiaries, concurrent
utilization of gabapentin, opioids and/or benzodiaze-
pines was associated with an increased risk of multiple
adverse outcomes including respiratory depression, opi-
oid and substance-related overdose. Given the wide-
spread incorporation of gabapentin into several pain
management protocols and further, its increasing utili-
zation among those with psychiatric conditions, the
benefits, and risks of gabapentin co-prescribing with
opioids and/or benzodiazepines should be weighed by
clinicians in these settings. Further, additional research
focused on examining the outcomes associated with the
concomitant use of these medications in other popula-
tions is warranted.
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