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Abstract

Introduction Drug safety studies regarding comparative risk of different opioid compounds are important as providers and
regulatory agencies in the United States continue to balance pain management with an ongoing opioid epidemic.
Objective The aim of this study was to evaluate nonmedical use (NMU) and diversion of tramadol and comparator opioids
using real-world data from the Addiction Severity Index—Multimedia Version (ASI-MV®).

Methods A cross-sectional study design was used to evaluate past 30-day tramadol and comparator opioid NMU among
adults assessed for substance abuse treatment using the ASI-MV from 2010 to 2018. Population and drug utilization-adjusted
rates were studied, as well as patient characteristics, route of administration, and diversion.

Results Past 30-day NMU of one or more prescription opioid was reported in 125,048 (22.6%) of ASI-MV assessments
(2010-2018); 46.5% reported oxycodone, 43.2% hydrocodone, 8.1% morphine, and 7.2% tramadol. Male respondents ranged
from 43.2% in the tramadol group to 51.8% in the oxycodone group. Majority (~76%) were Caucasian in all groups, with
86.9% Caucasian in the morphine group. Prevalence of past 30-day tramadol NMU was significantly lower than that of
morphine, oxycodone, and hydrocodone for both population and utilization-adjusted rates. Rate of snorting of tramadol was
4-7 times lower than comparator opioids and injection was 14-34 times lower than morphine and oxycodone. Tramadol
was most likely to be obtained via the patient’s own prescription while the comparator opioids were more often obtained
via dealers or family/friends.

Conclusion Tramadol had a significantly lower rate of NMU than comparator opioids and was less likely to be diverted
or used via higher-risk non-oral routes. These findings support previous evaluations by WHO and the United States Drug
Enforcement Agency that concluded that tramadol has a low potential for abuse.

Drug safety studies from real-world data regarding com- o _
parative risk of different opioid compounds are important as Utilization of real-world data adds significant value to
the post-market benefit—risk evaluation of prescription

providers and regulatory agencies [e.g., the Drug Enforce- P LR i ) : ‘
ment Agency (DEA) and the Food and Drug Administration opioid medications, specifically in relation to direct out-

(FDA)] in the United States continue to balance available comes of nonmedical use (NMU) and related behaviors.
pain therapies with the ongoing opioid epidemic. Real-world Comparative rates of NMU between prescription opioid
data (data related to patient health status or the delivery of compounds can help providers and patients with pain
health care) are often used to inform the benefit-risk evalua- management decision making, balancing the need for
tion of medications in the post-market setting [1]. These data pain therapy with potential risk of NMU.

are of particular value when addressing issues not feasible . .
Compared with other common opioid compounds

(oxycodone, hydrocodone, and morphine), tramadol had
D< Jody L. Green significantly lower rates of NMU, non-oral routes of

jgreen@inflexxion.com administration such as snorting or injecting, and diver-
sion, suggesting a lower abuse potential.
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through clinical trials, studying impact on a population
that extends beyond the intended treatment population, and
monitoring aberrant behaviors, such as inappropriate use of
prescription medications and use of illicit substances.

Tramadol is an opioid agonist indicated in adults for the
management of pain severe enough to require an opioid anal-
gesic and for which alternative treatments are inadequate [2].
Tramadol was first approved by the US FDA in 1995 under
the trade name Ultram® (Ortho-McNeil Pharmaceutical,
Inc., Raritan, NJ, USA), after which other generic and brand
tramadol products, including single-entity and combination
medications as well as immediate-release (IR) and extended-
release (ER) formulations, were subsequently approved. To
date, the only FDA-approved dosage forms of tramadol
medications are tablets and capsules intended to be ingested
orally [3], and suppositories. Internationally, tramadol medi-
cations are also available in solution for intramuscular or
intravenous injection. In 2014, the US DEA placed trama-
dol into Schedule IV of the Controlled Substance Act based
upon the following findings: (1) tramadol has a low potential
for abuse relative to the drugs or substances in Schedule III,
(2) tramadol has a currently accepted medical use in treat-
ment in the United States (tramadol-containing products are
approved for marketing by the FDA to manage moderate to
moderately severe pain), and (3) abuse of tramadol may lead
to limited physical or psychological dependence relative to
other drugs or substances in Schedule III [4]. By defini-
tion, Schedule IV controlled substances have a low potential
for abuse, while Schedule III controlled substances have a
potential for abuse less than substances in Schedules I or 11
and abuse may lead to moderate or low physical depend-
ence or high psychological dependence, and Schedule II
controlled substances have a high potential for abuse which
may lead to severe psychological or physical dependence [5].
Determinations are made based upon the drug’s acceptable
medical use and the abuse or dependency potential. Some
examples include heroin (Schedule I); oxycodone and mor-
phine (Schedule II); codeine (<90 mg per dosage unit) and
anabolic steroids (Schedule III); and tramadol, alprazolam,
and zolpidem (Schedule I'V).

Since the DEA’s final rule in 2014, the abuse potential of
tramadol has been further questioned based upon research
using prescribing patterns as a surrogate for inappropriate
use. An observational study of administrative claims data
investigated the risk of prolonged opioid use in patients
receiving tramadol compared with other short-acting opi-
oids, concluding that post-surgical patients that received
tramadol alone had similar to somewhat higher risks of
prolonged opioid use compared with those receiving other
short-acting opioids [6]. Another study noted the increase in
tramadol prescriptions dispensed following the rescheduling
of hydrocodone-containing products from Schedule III to
Schedule II in 2014, suggesting that mere drug utilization

A\ Adis

is a surrogate for inappropriate use and increased risk [7].
These, among other studies of mortality rates not specific
to misuse or abuse [8, 9], were cited in a Citizen Petition
submitted to the DEA and FDA in November 2019 that
requested the rescheduling of tramadol and like compounds
from Schedule IV to Schedule II due to its purported high
level of abuse, with use potentially leading to severe psy-
chological or physical dependence [10]. The studies cited
in the Citizen Petition conflict with the DEA’s final rule,
multiple reviews conducted by the World Health Organi-
zation [11], and with the majority of previously published
literature on tramadol safety and abuse potential, including
a recent systematic review of laboratory evidence [12]. The
conflicting data are likely due to the data sources, outcome
measures, and methodologies employed as well as confound-
ers that prevent evaluation of a causal relationship. The stud-
ies that suggest increasing rates of negative consequences
with tramadol use include contemporary data but also have
limitations in relation to an evaluation of abuse potential,
including the use of surrogate measures for actual consump-
tion and inappropriate use. This is a well-known limitation
of drug utilization and claims data that involves using a sub-
stitute measure in place of a direct measure of outcomes
or behavior. Use of these data often assumes that prescrib-
ing or dispensing is equivalent to actual use of a product or
appropriateness of use, that all medications prescribed or
dispensed at the pharmacy were consumed, and that only
medications prescribed or dispensed were accessible (does
not capture medications obtained from other sources or
illicit drug use) [13]. Additional limitations include the use
of non—opioid-specific outcomes (e.g., all-cause mortality
rather than opioid-related mortality) and inability to measure
real-world opioid use or drug-related behaviors such as route
of administration and diversion.

Data sources that capture actual use and drug-related
behaviors, including the Addiction Severity Index—Mul-
timedia Version (ASI-MV®, Inflexxion, a division of Inte-
grated Behavioral Health, Irvin, CA, USA), may provide
more accurate insights into nonmedical use (NMU) of
prescription opioid medications. ASI-MV data have been
previously used to evaluate NMU prevalence of specific
opioid products or compounds [14-16] and effectiveness
of interventions such as abuse deterrent formulations
[17].

An accurate understanding of abuse potential of differ-
ent analgesic therapies is important for both providers and
patients as they balance pain management with associated
risks of misuse, abuse or diversion. The objective of this
study was to evaluate NMU and diversion of tramadol and
comparator opioids in the United States. Prevalence rates,
patient characteristics, route of administration, and source
of drug procurement were studied using real-world epide-
miological data from the National Addictions Vigilance
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Intervention and Prevention Program (NAVIPPRO®) ASI-
MYV network.

2 Methods

This is a cross-sectional surveillance study design used
to examine past 30-day tramadol NMU and comparator
Schedule II prescription opioid NMU (i.e., morphine,
oxycodone, and hydrocodone) among adults aged 18 years
or older assessed for substance abuse problems and treat-
ment planning using the ASI-MV® clinical assessment
tool from 01 January 2010 through 31 December 2018.
Individuals in substance abuse treatment comprise a sen-
tinel population in which to detect emerging patterns of
prescription drug NMU and illicit drug abuse. For the
purposes of this study, NMU was defined as (1) use of
a prescription medication that was not prescribed to the
patient by a healthcare provider, (2) use in ways other
than prescribed, or (3) use for reasons other than pre-
scribed. The NMU definition is determined by behavior
rather than intent, hence it includes both misuse for thera-
peutic intent as well as abuse for psychotropic effects or
to get high.

The ASI-MYV is a proprietary clinical assessment tool
used in standard clinical work flow to evaluate adults for
substance abuse and treatment planning. This network
includes locations from across the United States; however,
it is a convenience sample of sites that license the tool for
clinical practice and is not considered nationally repre-
sentative. The ASI-MV is a self-administered, structured,
computerized interview based upon the original Addiction
Severity Index, which requires an in-person interview. The
ASI-MV collects patient-reported demographics and other
characteristics as well as generates composite scores and
severity scores for seven domains (medical, employment,
alcohol, drug, legal, family/social, and psychiatric) that
inform treatment planning. The ASI-MV was developed
with support from the National Institute on Drug Abuse
(NIDA) and has good test-retest reliability, discriminant
validity, and criterion validity [18, 19].

The characteristics of the study groups were summa-
rized, including sex, age, race/ethnicity, census region of
ASI-MV site where the assessment was completed, and
drug severity rating. In the ASI-MV assessment, responses
to several questions regarding substance use are used to
calculate the drug severity rating, which ranges from 0 to
9 [18, 19]. Interpretation of the drug severity rating is as
follows: 0—1, no real problem; 2-3, a slight problem; 4-5,
a moderate problem; 6—7, a severe problem; and 8-9, an
extreme problem. Note that the rating cannot be calculated
if certain questions are not answered, and in these cases
the drug severity rating will be missing.

Using decision tree logic that allows the ASI-MV to
simulate an interviewer, respondents are guided through
questions about use of pharmaceutical substances. The
ASI-MV contains product-specific questions about general
use, NMU, routes of administration, and diversion (meas-
ured as sources of drug procurement; e.g. dealer, friends/
family, own physician). Specific opioid medications are
identified by presenting screens with pharmaceutical opi-
oid product names (trade, generic, and slang names) and
pictures, along with audio, so that respondents are better
able to differentiate between various products that they
report having used. When a respondent has completed the
clinical assessment at the treatment site, individual-level
data are de-identified and electronically uploaded to a cen-
tral server where they are available for analysis.

The primary outcome of this study was past 30-day
tramadol NMU (alone or in combination with other pre-
scription opioids) and comparator opioids (morphine, oxy-
codone, and hydrocodone), overall and by specific routes
of administration (i.e., oral, snort, smoke, and inject).

The primary opioid of interest for this analysis was tram-
adol. Both IR and ER tramadol products were included.
Tramadol users were further stratified into the following
two groups to study tramadol NMU alone versus tramadol
NMU as part of a more complex polysubstance use pattern:
(a) those who only reported past 30-day tramadol NMU,
and (b) those who reported past 30-day tramadol NMU plus
past 30-day NMU of at least one other prescription opioid
compound monitored in the ASI-MV. Comparator opioids
included solid oral dosage formulations (e.g. tablets, cap-
sules) of IR and ER formulations of morphine, oxycodone,
and hydrocodone, all of which are Schedule II controlled
substances. The comparator opioids oxycodone and hydroc-
odone were chosen as those most readily available as they
comprise the majority of the prescriptions dispensed from
outpatient pharmacies. All comparators are similar to trama-
dol in that they are primarily IR products but are also avail-
able as ER formulations. Also—like tramadol-—morphine,
oxycodone, and hydrocodone products are primarily generic
products and available at relatively low cost. Morphine is
also a common comparator in published studies on abuse
potential [12]. Past 30-day NMU of the comparator opioid
compounds included mentions of such products, alone or in
combination with other opioid compounds. Hence, the fol-
lowing groups were studied: (1) any tramadol, (1a) tramadol
only, (1b) tramadol plus any other prescription opioid com-
pound, (2) morphine, (3) oxycodone, and (4) hydrocodone.
Any tramadol and the comparator groups were not mutually
exclusive as past 30-day NMU of multiple drug types could
be reported.

Annualized NMU was assessed during the aggregate
study period using the following approaches: (1) rate among
all ASI-MV assessments completed during the study period
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(i.e., the total study population), (2) rate adjusted by the
number of prescriptions dispensed, and (3) rate adjusted
by the number of solid oral dosage units (e.g., tablets, cap-
sules, caplets) dispensed. The 95% confidence intervals
for NMU rates were calculated using a binomial distri-
bution or Poisson distribution (i.e., in instances in which
the number of cases was < 30). Significant differences in
rates between comparator groups were defined as instances
where 95% confidence intervals did not overlap. Prescrip-
tions and ‘units dispensed’ data were obtained from IQVIA
(Danbury, CT, USA) as derived from their National Pre-
scription Audit™ (NPA), which estimates prescriptions
and units dispensed from the universe of retail, standard
mail service, specialty mail service, and long-term care
pharmacies. Only states with sites that contributed at least
one assessment to the ASI-MV dataset during a particular
calendar year during the 9-year study period were included
in the prescription-adjusted analyses. The frequency and
proportion of past 30-day NMU via oral administration,
snorting, smoking, and injection are also described. The
reported routes of administration within each group were
not mutually exclusive as one patient could have reported
use via more than one route. Patients were included in the
counts and rates for each route they reported within that
product group.

3 Results

During 2010 through 2018, a total of 554,265 ASI-MV
assessments were submitted from 1267 sites located in 48
states throughout the United States. Of these assessments,
125,048 (22.6%) reported past 30-day NMU of at least
one prescription opioid medication. The greatest number
of past 30-day NMU reports were observed for oxycodone
(n=58,115; 46.5%), followed by hydrocodone (n=153,992;
43.2%), morphine (n=10,180; 8.1%), and any tramadol
(n=28942; 7.2%) (Table 1). The sum of these study groups
exceeds the total number of assessments that included NMU
of at least one prescription opioid as more than one prescrip-
tion opioid could have been reported for each assessment;
hence, they are not mutually exclusive. The mean number of
prescription opioid products reported for past 30-day NMU
were 6.2 (SD 5.23) for the ‘any tramadol’ group, 7.8 (SD
5.47) for the morphine group, 4.9 (SD 3.98) for the oxyco-
done group, and 4.5 (SD 4.11) for the hydrocodone group
(data not shown). The study group of past 30-day NMU of
any tramadol comprised two mutually exclusive subgroups,
1105 (12.4%) reports of tramadol NMU only (no other pre-
scription opioids were reported for past 30-day NMU) and
7837 (87.6%) reports of tramadol NMU plus NMU of at
least one other prescription opioid compound. The mean
number of prescription opioid products reported for the
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subgroup of tramadol NMU plus NMU of at least one other
opioid was 6.9 (SD 5.2).

Among those who reported past 30-day NMU of tramadol
or comparators, the proportion of male respondents ranged
from 43.2% in the ‘any tramadol’ group to 51.8% in the
oxycodone group (Table 1). Those who reported past 30-day
NMU of any tramadol were more likely to be older (age
35+ years) than those who reported morphine and oxyco-
done particularly. While the majority of all study groups
were Caucasian, the morphine group included 86.9% Cau-
casian, which was about 10% higher than the oxycodone,
hydrocodone, and ‘any tramadol’ groups. Geographical dif-
ferences were also detected; the distribution of past 30-day
NMU of any tramadol was 10-44% higher in the Midwest
than the comparator groups and 9-24% lower in the South
than the comparator drug groups.

The highest drug severity ratings, represented by the sum
of those who scored as a severe or extreme problem, were
observed among nonmedical users of morphine (84.8%),
followed by oxycodone (74.6%), any tramadol (73.0%), and
then hydrocodone (68.5%) (Table 1). Cases of past 30-day
NMU of tramadol only had the lowest drug severity ratings
(38.6% severe or extreme problem) compared with those
that reported past 30-day NMU of tramadol plus at least
one other prescription opioid compound (77.8% severe or
extreme problem) or any other comparator drug group.

The prevalence of past 30-day NMU of any tramadol
(1.61 cases per 100 ASI-MV assessments) was significantly
lower than the prevalence of past 30-day NMU of morphine
(1.84 cases per 100 ASI-MV assessments), oxycodone
(10.49 cases per 100 ASI-MV assessments), or hydroco-
done (9.74 cases per 100 ASI-MV assessments) (Table 2).
The greatest number of prescriptions and units dispensed
among states contributing assessment data to the ASI-MV
network during the study period were observed for hydroco-
done, followed by oxycodone, tramadol, and then morphine.
Utilization-adjusted rates of NMU (i.e., per 100,000 pre-
scriptions dispensed; per 10,000,000 units dispensed) of any
tramadol were also significantly lower than those observed
for morphine, oxycodone, or hydrocodone. Specifically, any
tramadol was 2-3 times lower than hydrocodone, 4-5 times
lower than oxycodone, and 5-6 times lower than morphine.
‘Tramadol alone’ rates were the lowest by far for both popu-
lation and drug utilization-adjusted rates.

Annual rates showed a significant decrease during the
study period in NMU per 100 ASI-MV assessments for
oxycodone and hydrocodone while NMU rates for trama-
dol and morphine remained relatively stable (Fig. ).
When adjusted for prescriptions dispensed or units dis-
pensed, significant decreases in NMU during the study
period were found for tramadol, morphine, and oxycodone
while NMU of hydrocodone significantly increased, par-
ticularly in 2015 and 2016.
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Table 1 Patient demographics and geographic distribution of ASI-MV assessments by study group (01 January 2010 to 31 December 2018)
Any tramadol Tramadol only® Tramadol Morphine Oxycodone Hydrocodone
PLUS other
opioid®
N?* (% of prescription opioid NMU cases) 8942 (7.2%) 1105 7837 10,180 (8.1%) 58,115 (46.5) 53,992 (43.2%)
Sex
Male 3865 (43.2)  549(49.7) 3,316 (42.3) 4850 (47.6) 30,079 (51.8) 26,936 (49.9)
Female 5076 (56.8) 556 (50.3) 4,520 (57.7) 5329 (52.3) 28,032 (48.2) 27,046 (50.1)
Unknown/not reported 1(<0.01) 0(<0.01) 1(<0.01) 1(<0.01) 4 (<0.01) 10 (<0.01)
Age (years)
<21 483 (5.4) 44 (4.0) 439 (5.6) 594 (5.8) 4132 (7.1) 3487 (6.5)
21-34 4694 (52.5)  387(35.0) 4307 (55.0) 6173 (60.6) 34,384 (59.2) 30,559 (56.6)
35-54 3301 (36.9) 535 (484) 2766 (35.3) 3095 (30.4) 17,627 (30.3) 17,869 (33.1)
55+ 464 (5.2) 139 (12.6) 325 (4.1) 318 (3.1) 1972 (3.4) 2,077 (3.8)
Race/ethnicity
Caucasian 6853 (76.6) 733 (66.3) 6120 (78.1) 8849 (86.9) 43,861 (75.5) 41,193 (76.3)
African American 807 (9.0) 155 (14.0) 652 (8.3) 352 (3.5) 6246 (10.7) 4964 (9.2)
Hispanic/Latino 736 (8.2) 110 (10.0) 626 (8.0) 560 (5.5) 5511 (9.5) 5134 (9.5)
American Indian or Alaska Natives 338 (3.8) 83(7.5) 255(3.3) 238 (2.3) 1484 (2.6) 1615 (3.0)
Asian 37(0.4) 4(04) 33(04) 31(0.3) 269 (0.5) 260 (0.5)
Other 171 (1.9) 20(1.8) 151(1.9) 150 (1.5) 743 (1.3) 825 (1.5)
US Census region
South 4313 (48.2) 507 (45.9) 3806 (48.6) 5689 (55.9) 34,847 (60.0) 28,333 (52.5)
West 1184 (13.2) 199 (18.0) 985 (12.6) 873 (8.6) 8690 (15.0) 9260 (17.2)
Midwest 3117 (349)  372(33.7) 2745 (35.0) 3193 (31.4) 11,322(19.5) 14,629 (27.1)
Northeast 328 (3.7) 27(2.4) 301 (3.8) 425 (4.2) 3256 (5.6) 1770 (3.3)
Drug severity rating
No real problem (0-1) 705 (7.9) 285 (25.8) 420 (5.4) 227 (2.2) 4104 (7.1) 6038 (11.2)
Slight problem (2-3) 465 (5.2) 164 (14.8) 301 (3.8) 220 (2.2) 2576 (4.4) 3050 (5.6)
Moderate problem (4-5) 799 (8.9) 162 (14.7) 637 (8.1) 617 (6.1) 5587 (9.6) 5687 (10.5)
Severe problem (6-7) 2700 (30.2) 284 (25.7) 2416 (30.8) 3039 (29.9) 19,899 (34.2) 17,198 (31.9)
Extreme problem (8-9) 3824 (42.8) 142 (12.9) 3682 (47.0) 5596 (55.0) 23,429 (40.3) 19,774 (36.6)
Missing/no response 449 (5.0) 68 (6.2) 381 (4.9) 481 (4.7) 2520 (4.3) 2245 (4.2)

ASI-MV Addiction Severity Index—Multimedia Version, NMU nonmedical use
*Respondents could have reported more than one prescription opioid used in past 30 days for NMU, hence the comparator groups are not mutu-

ally exclusive

> Tramadol only’ and ‘Tramadol PLUS other opioid” are mutually exclusive subsets of the ‘Any tramadol’ group

With respect to reported routes of administration, the
majority of past 30-day NMU of any tramadol was via
oral routes of administration (92.0%), while 6.3% reported
snorting, 0.5% reported smoking, and 1.5% reported injec-
tion (Fig. 2a). The proportion of past 30-day NMU of any
tramadol via snorting was four times lower than morphine,
seven times lower than oxycodone, and four times lower
than hydrocodone. The proportion of past 30-day NMU of
any tramadol via injecting was 34 times lower than mor-
phine and 14 times lower than oxycodone. The propor-
tions of past 30-day NMU via injection for any tramadol
and hydrocodone were similar. A greater proportion of the
tramadol plus other prescription opioid compounds group

reported snorting (7.1% versus 0.4%) and smoking (0.5%
versus 0.0%) compared with those who indicated NMU
of tramadol only. When evaluated per number of units
dispensed, past 30-day NMU of tramadol via oral routes
was reported at a rate of 0.40 cases per 1,000,000 units
dispensed, followed by snorting (0.03 cases per 1,000,000
units dispensed), injection (0.01 cases per 1,000,000 units
dispensed), and then smoking (0.00 cases per 1,000,000
units dispensed) (Fig. 2b). Relative to the comparator opi-
oids, tramadol had the lowest reported rate of NMU per
units dispensed via oral routes, snorting, smoking, and
injection. Oxycodone had the highest rate of NMU via
oral routes (14.31 cases per 10,000,000 units dispensed),
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Table 2 Population and drug utilization-adjusted rates of NMU for tramadol and comparator opioid products (01 January 2010 to 31 December

2018)

Past 30-day NMU? Total NMU cases Rate/100 ASI-MV  Total pre- Rate/100,000 pre- Total units Rate/10,000,000
assessments (95%  scriptions scriptions dispensed dispensed® units dispensed (95%
CI) dispensed® (95% CI) @)}

Tramadol 8942 1.61 (1.58-1.65) 275,526,568 3.25(3.18-3.31) 20,640,131,569 4.33 (4.24-4.42)

Tramadol only 1105 0.20(0.19-0.21) 275,526,568 0.40 (0.38-0.42) 20,640,131,569 0.54 (0.50-0.57)

Tramadol plus any 7837 1.41(1.38-1.45) 275,526,568 2.84 (2.78-2.91) 20,640,131,569 3.80(3.71-3.88)

other Rx opioid®

Morphine 10,180 1.84 (1.80-1.87) 55,582,130 18.32 (17.96-18.67)  4,003,584,090 25.43 (24.93-25.92)

Oxycodone 58,115 10.49 (10.40-10.57) 405,895,655 14.32 (14.20-14.43)  30,141,631,493 19.28 (19.12-19.44)

Hydrocodone 53,992 9.74 (9.66-9.82) 755,796,049 7.14 (7.08-7.20) 44,189,293,091 12.22 (12.12-12.32)

ASI-MV Addiction Severity Index—Multimedia Version, CI confidence interval, NMU nonmedical use, Rx prescription

# pioid categories are not mutually exclusive in that one patient could have reported more than one product

"The total prescriptions dispensed included projected prescriptions dispensed in states participating in the ASI-MV network during the study

period

“The total number of units dispensed included projected solid oral dosage units (e.g. tablets, capsules, caplets) dispensed in states participating in

the ASI-MV network during the study period

4This category represents past 30-day NMU of tramadol and past 30-day NMU of at least one other prescription opioid compound monitored in

the ASI-MV

snorting (8.39 cases per 10,000,000 units dispensed), and
smoking (1.12 cases per 10,000,000 units dispensed), while
morphine had the highest rate of NMU via injection (13.45
cases per 10,000,000 units dispensed).

The patient’s own prescription was the most common
source of drug for those who reported past 30-day tramadol
NMU (46.6% any tramadol; 68.9% tramadol alone; 43.5%
tramadol plus any other prescription opioid) and was more
likely to be procured via the patient’s own prescription than
the comparator opioids (tramadol 46.6%, morphine 11.1%,
oxycodone 25.8%, and hydrocodone 38.6%) (Fig. 3). The
primary source for morphine was a dealer (47.3%) followed
by family/friend (38.7%). The primary sources for oxyco-
done were family/friend (42.7%) and dealer (42.8%), and the
primary source for hydrocodone was family/friend (42.6%)
followed by the patient’s own prescription (38.6%). These
data illustrate a lower rate of diversion for tramadol NMU
than for comparator opioid NMU.

4 Discussion

This study illustrates the differences in real-world NMU
and related behaviors for tramadol compared with mor-
phine, oxycodone, and hydrocodone from the ASI-MV net-
work of adults assessed for substance abuse problems and
treatment planning. During 2010 through 2018, the popu-
lation and drug utilization-adjusted rates of past 30-day
NMU of tramadol (including NMU of tramadol only and
NMU of tramadol plus at least one other prescription opi-
oid compound) were significantly lower than the rates of
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past 30-day NMU of morphine, oxycodone, or hydroco-
done. Depending on the method of estimation, NMU rates
of comparator opioids were up to 6.5-fold higher than
NMU rates of tramadol. The relative lower rate of trama-
dol NMU and tramadol diversion found in this study sup-
ports that of previously published real-world data in the
post-market setting from independent data sources [12, 16,
20-24]. In one of the most recent studies [20], drug utiliza-
tion-adjusted rates of tramadol intentional abuse exposures
collected by poison centers were the second lowest of the
opioids studied (hydrocodone 0.020 exposures/100,000
units dispensed, tramadol 0.022 exposures/100,000 units
dispensed, morphine 0.052 exposures/100,000 units dis-
pensed, and oxycodone 0.166 exposures/100,000 units dis-
pensed); tramadol drug diversion rates were significantly
lower than all other opioids studied with the exception
of tapentadol, which had a similar rate (tramadol 0.047
exposures/100,000 units dispensed, hydrocodone 0.132
exposures/100,000 units dispensed, oxycodone 0.272
exposures/100,000 units dispensed, and morphine 0.274
exposures/100,000 units dispensed); and past 30-day ‘to
get high’ rates of tramadol from a substance abuse treat-
ment center program were significantly lower than all other
opioids studied (tramadol 0.036 exposures/100,000 units
dispensed, hydrocodone 0.166 exposures/100,000 units
dispensed, oxycodone 0.337 exposures/100,000 units
dispensed, and morphine 1.085 exposures/100,000 units
dispensed).

In this study, tramadol NMU was predominately via
oral routes of administration, though snorting, smoking,
and injection were also reported to a lesser extent. Drug
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utilization-adjusted rates suggest a significantly lower risk
of non-oral routes of administration among those who
reported past 30-day NMU of tramadol than among those
who reported past 30-day NMU of morphine, oxycodone,
or hydrocodone. Snorting of tramadol was reported at a rate
4-7 times lower than morphine, oxycodone, and hydroco-
done and injecting tramadol was reported at a rate 14-34
times lower than morphine and oxycodone injection. These
data are consistent with a systematic review of the labo-
ratory evidence regarding the abuse potential of tramadol
from which the authors concluded that the greatest risk of
tramadol abuse was via oral routes of administration and
the likelihood of tramadol abuse decreased when adminis-
tered parentally [12]. Non-oral routes of administration for

opioid NMU have been associated with more severe medical
outcomes. In a study of poison center exposures, the rela-
tive risk of a life-threatening outcome or death following a
non-oral opioid exposure was 2.43 (95% CI 1.97-2.99) com-
pared with an oral opioid exposure [25]. Hence, prescrip-
tion opioids with a lower likelihood of non-oral NMU are
expected to carry lower risk of significant medical outcomes
in abuse-related exposures.

Individuals who reported past 30-day NMU of trama-
dol were most often polysubstance users; 87.6% reported
NMU of at least one other prescription opioid compound
in the past 30 days. Only 12.4% of those who reported past
30-day tramadol NMU reporting only using tramadol. The
characteristics of tramadol subgroups suggest differences
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between those who report past 30-day NMU of tramadol
alone versus past 30-day NMU of tramadol plus at least
one other prescription opioid. Those who reported use of
other prescription opioid compounds were more likely to
engage in snorting, procure medications via illicit sources,
and have a severe or extreme problem rating (drug severity
score). Notably, those who reported past 30-day NMU of
tramadol alone were more likely to be older (35 years and
older) and obtain tramadol through their own prescrip-
tion (68.9%). Emerging trends related to polysubstance
use have recently been studied in a similar population
of individuals seeking substance abuse treatment [26].
From 2011 to 2018, the proportion of the population that
reported abuse of prescription opioids only has dramati-
cally decreased while polysubstance abuse has increased,
including abuse of non-opioid prescription drugs and
other illicit drugs. These patterns suggest a more complex
syndrome of substance use and complicate evaluation of
specific prescription compounds.
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4.1 Limitations

As with most real-world data sources, limitations related to
reliance on self-report of aberrant behaviors and recollection
of specific products used and in what manner, apply. While
these data are collected during clinical practice at locations
throughout the US, they are not nationally representative.
However, they provide a valuable source of drug NMU
among a sentinel, enriched population of adult prescription
drug users within the ASI-MV treatment center population.
It is unknown if these results are generalizable to the larger
population of individuals seeking substance abuse treatment.
The strengths of this study include the collection of NMU-
specific outcomes, including reports of past 30-day NMU
for tramadol and comparator opioids, source of drug pro-
curement (drug diversion), and route of administration. This
study also uses both population and drug utilization-adjusted
rates of NMU, as it is necessary to account for the extent that
each opioid is available for NMU in the community [27].
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Fig.3 Diversion (source of
drug procurement) by indi-
viduals within the ASI-MV
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5 Conclusion

The real-world data evaluated in this study suggests that
tramadol has a significantly lower rate of NMU than mor-
phine, oxycodone, or hydrocodone and is less likely to be
diverted or used via higher-risk non-oral routes among adults
assessed for substance abuse problems and treatment plan-
ning using the ASI-MV clinical assessment tool. Understand-
ing abuse potential of different analgesic therapies is impor-
tant for providers and patients as they balance the benefits of
pain therapy with the potential risks associated with NMU,
particularly when used via non-oral routes of administration.
The most recent epidemiological evidence, including findings
from this study, support earlier evaluations by the WHO and
DEA that concluded that tramadol has a low potential for
abuse and is appropriately designated as a Schedule IV drug.
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