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Background: Tramadol is an opioid-analgesic that has shown epidemiological evidence 
of abuse. This review evaluates the evidence for tramadol abuse potential in humans.

Methods: A systematic literature search for human abuse liability examinations of 
tramadol was conducted in September 2018 and yielded 13 total studies. Studies were 
all within-subject, double-blind, placebo-controlled human laboratory comparisons of 
tramadol to opioid comparators. Results are organized based upon the route of tramadol 
administration (oral, parenteral) and the participant population (persons with and without 
current opioid physical dependence). Outcomes were categorized into self-report ratings 
of positive and negative effects, observer-ratings of effects, time course of effects, 
likelihood tramadol was identified as an opioid, and tramadol self-administration.

Results: Results indicated the relative abuse potential of tramadol was lower than the 
opioids to which it was compared. Tramadol produced highest positive effect ratings 
when administered orally to persons with no opioid physical dependence. Relative to 
other opioids, it produced substantial negative ratings, generally demonstrated a slower 
onset of effects, and was less likely to be identified by participants as an opioid, though it 
did produce a higher rate of self-administration relative to other opioids in the one study 
reporting that outcome. Results suggest that the abuse potential of tramadol is highest 
when it is administered orally to non-dependent individuals, and that it likely decreases 
as the dose increased and when it was administered parentally or to persons with opioid 
physical dependence.

Conclusion: Taken together, individuals may be less likely than with other opioids to 
escalate tramadol doses, transition from oral to parenteral routes of administration, or 
continue using tramadol once opioid physical dependence develops. In that way, the 
human abuse potential of tramadol appears to be different from and lower than other 
opioid analgesic medications.
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INTRODUCTION

Rationale
Opioid-based analgesic medications are a mainstay for the 
management of moderate to severe pain throughout the world. 
Despite the fact that global demand for opioids has increased 
significantly in the past 20 years (1), the international availability 
and acceptability of opioids for pain management varies 
considerably. A recent study reported that the majority of the 
world’s population has insufficient access to opioids for pain 
management (2, 3), with only 7.5% of people having adequate 
opioid access and 66% of people having little to no access (4). 
Some of the myriad reasons for limited opioid access include 
differences in provider practices and healthcare system operations, 
financial barriers, cultural beliefs regarding pain management, 
and/or variations in opioid-related regulations (5–7). Substantial 
stigma and opiophobia that further reduce opioid availability and 
distribution have also been reported throughout African, Latin 
American, and Eastern European countries (7–11).

The use of opioid analgesic treatment for pain management is 
complicated by the fact that opioids can produce euphoric effects 
and are often misused. Human abuse liability studies provide a 
direct way to evaluate the abuse potential of medications like 
opioids and provide important data that are used by regional 
and international agencies to guide regulatory decisions (12). 
Human abuse liability studies generally collect several important 
outcome measures, ranging from self-reports of positive and 
negative drug effects to operant drug self-administration, 
and compare effects of the medication in question to other 
prototypical drugs in individuals with and without a history 
of drug misuse (13–16). International regulatory bodies rely 
on evidence of drug therapeutic efficacy and abuse potential 
to determine how medications should be regulated, and the 
schedule on which a medication is placed can impact its 
availability for therapeutic use.

Tramadol
This manuscript reviews human laboratory studies that assessed 
the abuse potential of tramadol. Tramadol is an analgesic with 
opioid-like effects (17, 18) that has a unique pharmacokinetic 
and pharmacodynamic profile relative to other opioids. It is 
marketed in both immediate and extended-release formulations 
and is indicated for the treatment of mild to severe pain at doses 
up to 200 (immediate) or 300 (extended-release) milligrams per 
day. Tramadol is the only opioid classified as a step 2 medication 
on the World Health Organization (WHO) analgesic ladder, 
thereby making it the only opioid-like medication available 
for the management of moderate and severe pain in countries 
whose policies limit patient and provider access to step 3 “strong” 
medications (19, 20).

Tramadol was first synthesized in 1962 and has been 
commercially available as an analgesic medication since 1977 
(21). It is a racemic compound and both enantiomers and their 
metabolites are physiologically active and contribute to its 
effect profile (22, 23). Tramadol inhibits serotonin [(+)-Trans-T 
enantiomer] and norepinephrine [(-)- Trans-T enantiomer] 
reuptake (22, 24, 25) before being converted via hepatic 

metabolism to active and inactive metabolites. The M1 metabolite 
(O-desmethyl-tramadol) binds to the μ-opioid receptor with 
300-fold greater affinity than the parent tramadol product 
(25–27), and is believed to produce the majority of tramadol’s 
analgesic and euphoric effects (21, 28). Routes of administration 
that bypass hepatic metabolism produce lower levels of M1, so 
tramadol that is administered parenterally produces a different 
pharmacokinetic and pharmacodynamic profile relative to oral 
administration (29, 30). The contribution of other metabolites 
(M2-M5) to analgesia and/or opioid-like effects has not been as 
thoroughly characterized.

Tramadol is similar to other opioids in that continuous 
exposure can lead to opioid physical dependence and 
subsequent discontinuation can result in a withdrawal 
syndrome (31, 32). In contrast to many other opioids, tramadol 
exerts effects on multiple neurotransmitter systems, including 
the opioid but also serotonin and norepinephrine systems. The 
effects of tramadol are only partially blocked by the opioid 
antagonist naloxone (33, 34), and tramadol displays minimal 
cross-tolerance with other opioids (32, 35–37), which suggests 
that its full profile of effects are a combination of its activities 
on these different systems.

Epidemiological Trends in Tramadol Abuse
In contrast to most other opioids, tramadol is only regulated 
at a national (versus international) level, and epidemiological 
evidence of tramadol abuse appears to vary as a function of its 
regulatory status. Countries in which a wide variety of opioid 
products are available generally report low rates of tramadol abuse 
relative to other opioids (38, 39); however, countries that impose 
greater restrictions on opioid products and rely more heavily on 
tramadol for primary pain management often report tramadol 
abuse. The abuse potential of tramadol has become a particular 
concern in Egypt and other African countries (40), which 
have also observed increases in the importation of illicit and 
adulterated tramadol (41). Tramadol abuse among adolescents 
and young adults in those countries has been reported to be 
as high as 8.8% - 12.3%, respectively (42, 43). These countries 
petitioned the WHO to consider placing tramadol under 
international control (41) and the WHO Expert Committee on 
Drug Dependence responded in 2018 by conducting a critical 
review of tramadol. That review concluded that tramadol should 
be kept under surveillance but did not warrant international 
scheduling at that time.

Objective and Research Question
Subsuming tramadol under international control and/or moving 
it from a step 2 to step 3 medication to address regional concerns 
about diversion and misuse could have the consequence 
of reducing global access to tramadol. This could, in turn, 
exacerbate the growing international concern that analgesic 
options for persons in moderate to severe pain are insufficient 
and inadequate. It is important that empirical examinations 
of tramadol abuse potential in humans be evaluated to help 
inform decisions regarding tramadol scheduling. Towards that 
end, this review updates a previous review on the abuse liability 
of tramadol that was completed several years ago and which 
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included only one study that evaluated the abuse potential of 
tramadol administered via oral formulation (44).

METHODS

Search Strategy and Selection Criteria
Automated and manual literature searches for peer-reviewed 
publications of tramadol human abuse liability studies were 
conducted. Only studies that experimentally administered 
tramadol to humans and compared effects to placebo or other 
opioid comparators were considered for inclusion. A systematic 
search consistent with the guidelines for systematic reviews 
outlined by the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) (45) was conducted using PubMed 
on September 21, 2018. The following search terms were used 
as key words in the title and abstract, and combined together 
using the Boolean operators “AND” and “OR”: “tramadol,” 
“abuse,” “liability,” “potential,” “abuse liability,” “abuse potential,” 
“dependence,” “self-administration,” “self administration,” “drug 
discrimination,” “pain AND abuse,” “dopamine,” “reward,” 
“opioid agonists,” and “opioid antagonists.”

Inclusion/Exclusion Criteria
Eligible studies were required to have been published in English, 
have evaluated tramadol abuse potential with an experimental 
design, and to have been conducted in humans. Studies that 
reported outcomes related to epidemiological trends, case reports, 
clinical assessment of tramadol’s therapeutic qualities, guidelines 
for tramadol prescribing or administration, or retrospective chart 
reviews; conducted experimental designs with outcomes focused 
solely on analgesia, adverse effects, neurobiological outcomes 
(e.g., dopaminergic firing); or reported only genetic or other 
mediators of tramadol-based effects were excluded. All article 
abstracts were independently reviewed for eligibility by authors 
KD, AH, and CB and discrepancies were resolved to consensus.

RESULTS

Study Selection and Characteristics
The initial search yielded 921 results; 11 manuscripts met all 
eligibility criteria and were included in this review (Figure 1;  
Table 1). Two manuscripts (31, 44) reported the results of 
two different studies, resulting in thirteen total studies being 
reviewed here. The reviewed studies were all within-subject, 
human laboratory examinations that enrolled small samples, 
administered study medications in a double-blind manner, and 
reported several different outcome measures (as recommended 
for the assessment of opioid abuse liability studies (13)). Most 
studies reported self-report outcomes, which were collected on 
visual analog rating (VAS) scales ranging from 0 (not at all) to 
100 (highest possible rating) unless otherwise indicated. Some 
studies also reported whether participants perceived tramadol 
as an opioid and the time-course of self-report and observer-
rated effects. Two studies empirically examined whether double-
blind doses of tramadol were perceived by participants to be an 
opioid using a formal drug discrimination paradigm (46, 47), 

and one study assessed the degree to which tramadol would be 
self-administered with an operant task (48). Although studies 
often evaluated tramadol relative to placebo and other active 
drug comparators (see Table 1), statistical comparisons were 
generally conducted relative to placebo. As a result, it is only 
possible to report relative relationships between tramadol and 
other comparators.

The physiological experience of tramadol, and its associated 
abuse potential, likely varies based on the route by which it is 
administered (oral vs. parenteral, the only routes examined in 
these studies) and the population to whom it is administered 
(non-physically dependent vs. current physical dependence). 
Since none of the reviewed studies directly compared route or 
population, outcomes are organized based upon the context of 
drug exposure. Further, not all studies collected the full array 
of outcomes discussed below. Given the complexity of the 
results, the lack of one clear primary outcome that indicates 
abuse potential, and the need for outcomes to be evaluated 
in the context of all available evidence, this manuscript 
summarizes results in the Discussion and Table 2 (as opposed 
to the end of each section). Table 2 categorizes the reviewed 
studies into the six types of outcomes described in the text, 
presenting relative results, with the most conservative 
outcome being endorsed (i.e., any evidence of abuse potential, 
even at a single dose, is indicated).

Synthesized Findings
Non-Physically Dependent Participants
Seven studies evaluated tramadol abuse potential in persons 
without current opioid physical dependence (i.e., non-
dependent) who received tramadol via oral (n = 5) or parenteral 
(n = 2) routes. Despite a lack of physical dependence, participants 
in the majority of these studies had a history of opioid misuse so 
were not completely opioid naïve. The exception to this is Zacny, 
(53), which required a history of recreational drug use but not 
necessarily opioid use to enroll, resulting in some participants 
being opioid-naïve.

Oral Tramadol
Four studies reported on the positive effect profile of oral 
tramadol in non-dependent participants. The first study 
compared tramadol (50, 100 mg) to the opioid morphine (25 
mg) and the benzodiazepine lorazepam (2 mg) and reported 
that both morphine and tramadol (100 mg) increased ratings 
of flushing, dizziness, and “Feel Drug”; only tramadol (100 
mg) was shown to increase ratings of hungry, lightheaded, 
“Like Drug,” and “Take Again” (53). A second study that 
compared tramadol (50, 100, 200, 400 mg) to the opioid 
hydromorphone (4, 8 mg) and the stimulant methylphenidate 
(30, 60 mg) reported that hydromorphone (8 mg) increased 
ratings of “High” and “Drug Effect” but that neither tramadol 
nor methylphenidate increased positive self-report ratings at 
any dose tested (46). A third study that compared tramadol 
(175, 350, 700 mg) to the opioid oxycodone (20, 40 mg) found 
both drugs to increase self-report ratings of “Feel Drug” and 
“Liking” to the same relative degree (44). Finally, a fourth study 
observed lower ratings on “Drug Effects” and “Drug Liking” 
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scales following tramadol (200, 400 mg) administration 
relative to oxycodone (20, 40 mg) and the opioid codeine 
(100, 200 mg) (48).

Three studies reported on the negative effect profile of oral 
tramadol in non-dependent participants. In the first study, 
tramadol (350 mg) produced significantly higher ratings of 
“Bad Effects,” as well as other potentially aversive outcomes such 
as “Turning of Stomach,” “Abdominal Pain,” and “Dry Mouth,” 
relative to hydromorphone (16 mg) (52). More participants 
also vomited following the high (350 mg) versus lower doses 
of tramadol (87.5, 175 mg), hydromorphone (4, 16 mg), or 
placebo (52). The second study reported that a high dose of 
tramadol (400 mg) and codeine (200 mg) increased ratings of 
“Bad Effect” significantly more than placebo; lower tramadol 
(200 mg), codeine (100 mg), or oxycodone (20, 40 mg) doses 
did not increase “Bad Effect” ratings (48). Finally, the third 
study found only methylphenidate (60 mg), but not tramadol 
(50, 100, 200, 400 mg) or hydromorphone (4, 8 mg), increased 
“Bad Effect” ratings (46).

Two studies reported on the time-course of effects following 
oral tramadol administration. The results of these studies 
provided evidence that non-dependent participants may take 
significantly more time to detect the effects of tramadol relative to 
oral hydromorphone (52), oral oxycodone (48), and oral codeine 
(48). In addition, tramadol-induced pupillary constriction, a sign 
of acute opioid agonist activity, was found to peak 1 h later than 
hydromorphone (52).

Drug discrimination studies provide some evidence that the 
interoceptive effects of tramadol are likely dose-dependent and 
may be different than prototypical opioids. For instance, the two 
studies that asked participants to guess what type of medication 
they had received reported that participants did not identify 
tramadol as an opioid until its dose reached or exceeded 350 mg 
(48, 52). Two additional studies trained participants to differentiate 
between a prototypical opioid, placebo, and other medications 
and then evaluated whether they would categorize tramadol 
as an opioid when it was administered under double-blind 
conditions. The first study trained participants to discriminate 

FIGURE 1 | PRISMA Flowchart.
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between oral hydromorphone (8 mg), oral methylphenidate (60 
mg), and placebo, and then paid participants to correctly identify 
several doses of oral tramadol (50, 100, 200, 400 mg), oral 
hydromorphone (4, 8 mg), oral methylphenidate (30, 60 mg), 
and placebo (46). Results showed that hydromorphone 4 and 8 
mg doses were identified as an opioid 75% and 100% of the time, 
respectively, whereas tramadol 50, 100, 200, and 400 mg doses 
were identified as hydromorphone 0, 25%, 63%, and 63% of the 
time, respectively. The highest dose of tramadol (400 mg) was 
also likely to be perceived as a stimulant in this study (46). The 
second study trained participants to discriminate tramadol (100 
mg) from placebo and then evaluated their ability to discriminate 
oral doses of tramadol (25, 50, 100, 150 mg) and hydromorphone 
(4 mg) following pretreatment with placebo or the opioid 
antagonist naltrexone (50 mg) (47). Three participants (60% 
of the sample) were able to successfully discriminate tramadol 

from placebo in this study, and tramadol was more likely to be 
identified as an opioid as the dose increased (47).

Only one study has examined tramadol self-administration 
in humans (48). Participants in this study were provided the 
opportunity to work for money or 1/7th of a dose of oral tramadol 
(200, 400 mg), oral oxycodone (20, 40 mg), oral codeine (100, 
200 mg), and placebo in a progressive ratio operant task. Results 
showed that participants were most likely to choose the 400 mg 
dose of tramadol over money (70% of the dose earned), followed 
closely by 40 mg of oxycodone (60% of dose earned) (48).

Parenteral Tramadol
Studies examining parenteral administration in persons without 
physical dependence revealed a different profile of tramadol 
effects relative to oral administration. Two studies reported on 
the self-report profile of positive effects following parenteral 

TABLE 1 | Summary of Reviewed Studies.

Reference Physically 
Dependent on 
Opioids 

Number of 
Participants

% Male Tramadol Dose 
in Milligrams

Tramadol 
Route of 
Administration

Comparator 
Drug and Dose in 
Milligrams

Monitoring 
Period

Babalonis et al. (48) No 9 67% 200, 400 Oral Placebo
Oxycodone (20, 40)
Codeine (100, 200)

6 h

Camí et al. (49) Yes 6 100% 100, 300 Intramuscular Morphine (60)
Placebo

4 h

Carroll et al. (31) 
(Study 1)

Yes 6 33% 50, 100, 200, 
400

Oral Placebo
Hydromorphone (5, 
10)
Naltrexone (0.6, 1.2)

2 h, 45 min

Carroll et al. (31) 
(Study 2)

Yes 8 63% 75, 150, 300 Intramuscular Placebo
Hydromorphone (5, 
10)
Naloxone (0.1, 0.2)

3 h

Das et al. (50) No 10 100% 100 Intramuscular Placebo
Buprenorphine (0.6)

4 h

Duke et al. (46) No 8 100% 50, 100, 200, 
400

Oral Hydromorphone (4, 8)
Methylphenidate (30, 
60)

2.5 h

Epstein et al. (44) 
(Study 1)

No 10 Not reported 100, 200
(300,700 
were initially 
administered but 
discontinued for 
safety)

Intravenous Placebo
Morphine (10, 20)

Not reported

Epstein et al. (44) 
(Study 2)

No 12 Not reported 175, 350, 700 Oral Placebo
Oxycodone (20, 40)

Not reported

Lofwall et al. (32) Yes 10 80% 50, 100, 200, 
400

Oral Morphine (7.5, 15; 
i.m.)
Naloxone (0.1, 0.2; 
i.m.)

4 h

Preston et al. (51) No 12 100% 75, 150, 300 Intramuscular Placebo
Morphine (15, 30)

12 h

Stoops et al. (52) No 10 60% 87.5, 175, 350 Oral Hydromorphone (4, 
16)

7 h

Strickland et al. (47) No 5 100% 25, 50, 100, 150 Oral Hydromorphone (4) 
with and without 
naltrexone (50) 
pretreatment

5 h

Zacny, (53) No 12 59% 50, 100 Oral Morphine (25)
Lorazepam (2)

8 h

Comparator drug was delivered by the same route of administration as tramadol unless noted.
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tramadol administration in non-dependent participants. In the 
first study, morphine [30 mg, intramuscular (i.m.)] increased 
ratings of “Feel the Drug,” “High,” and “Like the Drug,” whereas 
tramadol (300 mg, i.m.) increased ratings of “Feel the Drug,” but 
not “High” or “Like the Drug” (51). Blinded observers in this 
study also reported that tramadol (150 mg) reduced ratings of 
“Active” patient behavior more than placebo (51). The second 
study reported that tramadol [100, 200 mg, intravenous (i.v.)] 

increased ratings of “Drug Effect” but not “Liking” relative to 
placebo (44). Both of these studies also reported on the negative 
effect profile of parenteral tramadol. Participants in the first study 
reported that tramadol (150, 300 mg) significantly increased their 
feelings of “Nervousness” and “Stomach Turning,” respectively, 
but did not increase ratings on a “Dislike the Effect” scale, 
relative to placebo (51). The second study reported seizures in 
participants who received intravenous doses of tramadol 300 mg 
or higher (44).

One study reported on the time-course of parenteral tramadol 
effects in non-dependent persons. In that study, ratings on a “Feel 
the Effect” scale were evident within 15 min of both tramadol 
(i.m.) and morphine (i.m.) administration, but tramadol (i.m.) 
effects peaked within 1 h, whereas morphine (i.m.) peak effects 
occurred at 3–4 h. Both drugs continued to produce effects up to 
6 h post-dosing (51). Measures of pupillary constriction in that 
study revealed that effects from tramadol dissipated after 12 h, 
whereas effects from morphine were still evident at the end of 
12-h time observation period (51).

Both of these studies used the Addiction Research Center 
Inventory (ARCI), a self-report measure that classifies 
participant responses to drug effects as being representative of 
different exemplar drug classes, to assess whether participants 
identified the study drugs as opioids. In both studies, participants 
categorized morphine but not tramadol as an opioid (44, 51). A 
third study found that participants categorized both tramadol 
(i.m.) and the opioid buprenorphine (i.m.) as opioids within 45 
min, but that after 240 min only 60% of participants continued to 
identify tramadol as an opioid versus 100% of participants who 
received buprenorphine (50).

Persons With Opioid Physical Dependence
Four studies reported on outcomes in persons with current opioid 
physical dependence who received tramadol via oral (n = 2)  
or parenteral (n = 2) routes.

Oral Tramadol
Two studies reported on the positive subjective effect profile of 
oral tramadol in participants with opioid physical dependence. 
The first study did not observe an effect of oral tramadol (50, 
100, 200, 400 mg) or hydromorphone (5, 10 mg) on self-reported 
or blinded observer ratings relative to placebo (31). The second 
study reported that oral tramadol (200, 400 mg) produced 
significantly higher ratings of “Any Drug Effects” than placebo 
but did not increase ratings of “High,” “Good Effects,” or “Like 
the Drug” (32).

The only study that examined the bad effect profile of oral 
tramadol administration in persons with opioid physical 
dependence reported that tramadol (200, 400 mg) increased 
ratings on “Bad Effects” and “Sick” scales significantly more 
than placebo and at levels that approximated those observed 
following administration of the opioid antagonist naloxone  
(0.1 mg, i.m.) (32).

Only one study described the time-course of effects following 
oral tramadol administration to persons with opioid physical 
dependence. That study compared oral tramadol (50, 100, 200, 

TABLE 2 | Summary of Abuse Liability of Tramadol Relative to Opioid 
Comparators.

Abuse liability metrics Non-physically 
dependent

Persons with opioid 
physical dependence

Positive Effects
Arrow indicates more (↑) 
or less (↓) positive effects, 
= designates comparable 
effects

Oral Administration
= Epstein et al. (44)
= Duke et al. (46)
= Zacny, (53)
↓ Babalonis et al. (48)
Parenteral Administration 
↓ Epstein et al. (44)
↓ Preston et al. (51)

Oral Administration
↓ Carroll et al. (31)
↓ Lofwall et al. (32)
Parenteral Administration 
↓ Camí et al. (49)
= Carroll et al. (31)

Negative “Bad” Effects
Arrow indicates more (↑) 
or less (↓) negative (“bad”) 
effects, = designates 
comparable effects

Oral Administration
↑ Stoops et al. (52)
↑ Babalonis et al. (48)
= Duke et al. (46)
Parenteral 
Administration
↑ Epstein et al. (44)
↑ Preston et al. (51)
= Das et al. (50)

Oral Administration
↑ Lofwall et al. (32)
= Carroll et al. (31)
Parenteral Administration
↑ Camí et al. (49)
↑ Carroll et al. (31)

Onset of Effects
Arrow indicates longer 
(↑) or shorter (↓) time to 
peak or full duration of 
effects 

Oral Administration
↑ Epstein et al. (44)
↑ Stoops et al. (52)
↑ Babalonis et al. (48)
Parenteral 
Administration 
↓ Preston et al. (51)
↓ Das et al. (50)

Oral Administration
↑ Lofwall et al. (32)!
Parenteral Administration
N/A

Drug Identification
Arrow indicates greater  
(↑) or lower (↓) likelihood 
of identifying tramadol as 
an opioid 

Oral Administration
↓ Stoops et al. (52)
↓ Babalonis et al. (48)
Parenteral 
Administration
↓ Epstein et al. (44)

Oral Administration
↓ Lofwall et al. (32)
Parenteral Administration 
↓ Camí et al., (49)

Drug Discrimination
Arrow indicates greater 
(↑) or lower (↓) likelihood 
of discriminating 
tramadol as an opioid, = 
designates comparable 
discrimination

Oral Administration
= Strickland et al. (47)
↓ Duke et al. (46)
Parenteral 
Administration
N/A

Oral Administration
N/A
Parenteral Administration
N/A

Self-administration
Arrow indicates greater 
(↑) or lower (↓) likelihood of 
self-administering tramadol 

Oral Administration
↑ Babalonis et al. (48)
Parenteral 
Administration
N/A

Oral Administration
N/A
Parenteral Administration
N/A

Direction of results refer to relative relationships between tramadol and the opioids 
to which it was compared in each study. Epstein et al. (44) and Carroll et al. (31) 
both reported two different studies that administered tramadol via different routes of 
administration. Results are simplified here for the purpose of presentation, many small 
nuances and dose-dependent relationships exist that are not outlined here but are 
discussed in the manuscript. N/A, non-applicable, no study in that category reported 
that outcome.
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400 mg) to morphine (7.5, 15 mg, i.m.) and naloxone (0.1, 0.2 mg, 
i.m.) (32). The onset of tramadol’s peak effects were observed to 
emerge later (45–60 min) than those for morphine (30 min) and 
naloxone (30 min). Peak effects also ended earlier for tramadol 
than for the morphine and naloxone comparators. Finally, ratings 
on a “Bad Effect” scale were observed to begin earlier than were 
ratings on a “Good Effect” scale (32).

The only study to report drug identification outcomes 
for oral tramadol among persons with opioid physical 
dependence reported that participants readily categorized 
morphine (7.5, 15 mg; i.m.) as an opioid but that participants 
did not reliably categorize oral tramadol doses (50, 100, 200, 
400 mg) as opioid agonists; rather, they were categorized as a 
myriad of different medications (e.g., antidepressants, opioid 
antagonists, and placebo) (32).

Parenteral Tramadol Administration
Two studies have compared effects of tramadol administered via 
parenteral routes to persons with opioid physical dependence. 
The first study reported that morphine (dose not reported) 
but not tramadol (300 mg, i.m.) led to increased ratings on 
a “Good Effect” scale in persons being maintained on the 
opioid methadone (49). Interestingly, participants in that study 
rated “Any Effect” and “Liking” scales the highest following 
administration of 300 mg of tramadol (i.m.), and rated “High” 
and “Good Effect” scales the highest following administration 
of 100 mg tramadol (i.m.), suggesting the relationship between 
tramadol dose and positive effects in this study was not linear 
(49). A second study that compared tramadol (75, 150, 300 mg, 
i.m.) to hydromorphone (5, 10 mg, i.m.) observed no differences 
between tramadol and hydromorphone from placebo on any of 
the drug effect or opioid agonist ratings scales (31).

Two studies examining parenteral administration of tramadol 
to persons with opioid physical dependence reported on the 
profile of negative drug effects. In the first study, tramadol (300 
mg, i.m.) significantly increased ratings on a “Bad Effect” rating 
scale relative to placebo (49), and the second study observed 
increases on a “Bad Effect” scale following tramadol (150 mg, 
i.m.) but not hydromorphone (5, 10 mg, i.m.) (31). The latter 
study also reported that the ratings on the “Bad Effect” scale 
produced by tramadol were equivalent to the “Bad Effect” ratings 
produced by a 0.6 mg dose of oral naltrexone (31).

Finally, the only drug identification study conducted with 
parenteral tramadol in persons with opioid physical dependence 
reported that participants did not categorize tramadol (100, 300 
mg, i.m.) as an opioid significantly more than placebo on the 
Addiction Research Center Inventory (49).

SUMMARY OF MAIN FINDINGS

This review summarized 13 human laboratory studies that 
empirically examined the abuse potential of tramadol. The studies 
reviewed here followed recommended assessment guidelines by 
comparing tramadol to other prototypical μ-opioid receptor 
agonists and antagonists in controlled experimental settings 
with persons who did and did not have current opioid physical 

dependence (13–16). Overall, the reviewed data provide evidence 
that tramadol has a risk for abuse, but that its risk is generally 
lower than most of the opioids to which it was compared. The 
abuse potential of tramadol appears to vary based upon the route 
by which it is administered and whether the population being 
studied is physically dependent on opioids.

Human abuse liability studies examine the relative likelihood 
that a medication will be abused by comparing it to a known 
standard on a comprehensive array of domains that are known 
to impact escalation from drug use to misuse and abuse. For 
instance, drugs that produce a greater magnitude and faster onset 
of positive effects, as well as a lower number of negative effects, 
have been identified as having greater abuse risk (54, 55). The 
risk of abuse also increases over time, when individuals begin 
consuming larger doses and/or transition from oral to injected 
routes of administration in order to surmount increases in their 
level of opioid tolerance. As this happens, impulsive opioid use is 
believed to gradually transition to compulsive use and opioid use 
disorder (56). The data reviewed here suggest that many of the 
effects produced by tramadol are different than those produced 
by other opioids. The fact that tramadol produces more bad 
effects as the dose increases and has fewer good effects when it 
is administered via injection, relative to other opioids, suggests 
that persons may be less willing to escalate tramadol use relative 
to these comparators, though this remains an empirical question. 
These features are summarized in detail below.

First, the majority of studies reported that ratings of positive 
effects following tramadol administration were equivalent 
or lower than the opioids to which it was compared and, in 
contrast to other drugs, ratings of positive effects were highest 
when tramadol was administered orally to individuals who were 
not physically dependent on opioids. This is likely due to the 
fact that oral administration results in maximal conversion of 
the M1 metabolite that confers potent opioid effects. With the 
exception of one study conducted among opioid-naïve persons 
that found a 100 mg dose of oral tramadol increased positive 
ratings relative to placebo (53), the majority of studies evaluating 
oral tramadol did not observe positive effects in persons without 
opioid physical dependence until the doses became large  
(e.g., = / > 350 mg). The fact that tramadol did increase ratings 
on “Drug Effect” but not “Drug Liking” scales in some studies 
indicates participants could detect its effects but still rated them 
as being of lower magnitude than those produced by opioid 
comparators. Tramadol also appeared to produce non-linear 
dose effects in some of the studies reviewed. This was particularly 
evident in a study of individuals with opioid physical dependence 
who received i.m. tramadol that reported a 100 mg dose of 
tramadol produced higher ratings on “High” and “Good Effect” 
scales than a 300 mg dose, though the 300 mg dose did increase 
ratings on “Liking” and “Bad Effects” scales in that study (49). This 
non-linear pattern was not observed following administration of 
the comparator opioids, wherein participant ratings increased 
in a dose-dependent manner that is hypothesized to contribute 
to dose escalation and transition from impulsive to compulsive 
use. Interestingly, the drug identification data suggested that the 
population who provided the highest ratings for tramadol on 
“Liking” scales (i.e., non-dependent participants receiving oral 
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tramadol) generally only identified tramadol as an opioid at high 
doses. When lower doses of tramadol were administered via 
non-oral routes or to persons with opioid physical dependence, 
participants tended to rate it as being similar to placebo or other 
non-opioid compounds (e.g., stimulants, antidepressants).

Another characteristic that distinguished tramadol from other 
opioids in these studies is that it produced a prominent negative 
(or “Bad Effect”) profile that either preceded (32) or emerged 
concurrent with its positive effect profile. With the exception of 
oral codeine, this outcome was not observed for the other opioid 
comparators. Of particular importance is that tramadol produced 
negative effects in persons with and without opioid physical 
dependence and following both oral and parenteral routes of 
administration. This is in contrast to its positive effect profile, 
which was prominently observed in persons without physical 
dependence who received oral tramadol. Further, studies that 
directly compared tramadol (oral) to the opioid antagonists 
naloxone (32) or naltrexone (31) found that ratings on “Bad 
Effect” scales following tramadol administration were similar 
to low levels of these drugs. In addition, one study reported a 
higher incidence of vomiting in response to oral tramadol versus 
oral hydromorphone or placebo (52), and administration of i.v. 
tramadol at doses ≥300 mg produced seizures (44). These results 
are consistent with extant evidence that high doses of tramadol 
can produce nausea/vomiting, seizures, CNS depression, and 
unconsciousness (57, 58). The fact that tramadol increases self-
reports of negative effects, independent of the route by which it 
was administered or the opioid tolerance level of the participant, 
differentiates it from most of the opioids evaluated here and 
would likely discourage abuse-related dosing escalation of 
tramadol, thus limiting its abuse potential.

Tramadol also displayed a delayed time course of effects 
relative to other opioids. With the exception of one study of non-
dependent participants who received i.m. tramadol (51), every 
study that reported on tramadol’s time course of effects stated that 
positive effects emerged later for tramadol than for comparator 
opioids. Evidence suggests that drugs with a faster onset of effects 
are often perceived as more reinforcing, thereby increasing their 
associated potential for abuse (54, 55). The fact that most of the 
studies reviewed here observed positive effects to emerge more 
slowly following tramadol administration as compared to other 
opioids suggests that tramadol abuse potential may be lower than 
the opioid comparators.

Limitations
There are some limitations in the conclusions that can be reached 
from the studies reviewed here. First, a limited number of studies 
were conducted on this topic and the studies reviewed did not 
uniformly report on the same outcomes, resulting in some 
outcomes having limited data available to inform the assessment 
of abuse potential. Although this is consistent with abuse liability 
studies, which generally lack a single primary outcome and aim 
to assess a range of outcomes to examine all available evidence, 
this approach makes it difficult to compare across studies. 
Second, the only study that assessed drug self-administration 
(48) found that participants were more likely to self-administer 
oral tramadol (400 mg) than all comparator opioids, which would 

suggest it has higher abuse potential than those opioids. Yet these 
results conflicted with additional data from that same study 
that reported lower peak positive effects, higher “Bad Effect” 
ratings, and a slower onset of positive effects following tramadol 
than the opioid comparators, all of which would otherwise 
suggest a reduced potential for abuse. Notable discrepancies 
between self-administration and other assays within the same 
study have been observed for other drugs (59). The fact that 
only one study examined tramadol self-administration makes it 
difficult to determine how to interpret these conflicting results. 
The reviewed studies also monitored the effects of tramadol for 
variable lengths of time. The only study that collected ratings 
for as long as 12 h reported it took that long for effects from 
parenteral (i.m.) administration of tramadol to return to baseline 
levels, and other studies that evaluated oral tramadol effects for 
6 (48) or 7 (52) h did not see effects return to baseline before the 
end of the monitoring period. This brings into question whether 
the full array of effects from tramadol or the M1 metabolite were 
appropriately characterized in these studies, given the evidence 
that oral tramadol might confer the greatest abuse potential.

In addition, all but one study was conducted in persons 
who had an active or past history of opioid misuse, suggesting 
the majority of outcomes described here resulted from persons 
who had an established history of subjectively detecting positive 
opioid effects. The exception to this is Zacny, (53), which 
enrolled persons with a history of recreational drug use but 
did not require previous opioid exposure, though participants 
in that study may still have had an increased profile of abuse 
risk relative to persons with no previous history of recreational 
drug use. The degree to which these results would generalize 
to individuals who had not previously misused a drug or who 
were receiving tramadol for pain management is therefore not 
clear. Several characteristics that may impact abuse potential 
were also not fully examined by these studies. For instance, none 
of the studies evaluated outcomes based upon differences in 
cytochrome (CYP) 2D6 enzyme status. CYP2D6 is responsible 
for M1 conversion and is highly polymorphic, and individuals 
genetically classified as a poor, intermediate, extensive, or 
ultra-rapid CYP2D6 metabolizers might experience different 
pharmacokinetic, pharmacodynamic, analgesic, and side-effect 
profiles related to interactions between the M1 metabolite and 
the μ-opioid receptor (29, 60–66). In addition, none of the 
studies directly compared oral and parenteral tramadol, or the 
experience of persons who did and did not have opioid physical 
dependence, or differences in effects between men and women 
(see Table 1). Moreover, though consistent with within-subject, 
human laboratory studies, statistical comparisons were generally 
made between active drug and placebo rather than between 
active drug conditions, and studies reported numerous outcomes 
related to abuse potential rather than powering the study for a 
single primary outcome, which limits the types of conclusions 
that can be drawn from these data. Finally, despite best efforts, 
the results of laboratory-based examinations of abuse potential 
do not always correspond to misuse in real-world settings, which 
is heavily impacted by the availability of the drug and potential 
alternatives, cost of a drug, and other cultural/societal factors 
that are not generally captured in laboratory settings (67).
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Conclusions
All medications confer a risk-benefit ratio that patients, providers, 
and regulatory agencies must consider when deciding upon 
appropriate treatment strategies. The treatment approach for acute 
and chronic pain is especially nuanced because opioid analgesics 
are an important and crucial aspect of pain management that have 
an inherent risk of misuse and abuse, and associated morbidity, 
mortality, and societal consequences. Tramadol is an analgesic 
that acts on multiple transmitter systems and is a mainstay for 
the management of moderate to severe pain throughout the 
world. Recent escalations in regional rates of tramadol abuse have 
prompted questions about its regulatory status. Thirteen human 
laboratory studies that rigorously evaluated the abuse potential of 
tramadol relative to other opioid receptor agonists were reviewed 
here to support informed discussions about tramadol regulation. 
These data suggest that tramadol confers an equal or lower risk of 
abuse than the opioids to which it was compared, that its greatest 
risk for abuse is when it is being administered via oral formulations 
to non-dependent individuals, and that the likelihood it will be 
abused appears to decrease as the dose increases or when it is 
administered parentally. These latter characteristics differentiate 
tramadol from comparator opioids. The effects of tramadol were 
also reduced in persons with current opioid physical dependence, 
relative to persons without dependence, and independent of the 

route by which it was administered. This suggests that tramadol is 
less likely than the opioids to which it was compared to be abused 
in persons who are using other opioids (either through licit or 
illicit means). Together, these data suggest that individuals may be 
less likely to escalate tramadol doses or routes of administration 
relative to other opioids, or to continue using tramadol once 
opioid physical dependence develops. The present literature 
therefore suggests that the human abuse potential of tramadol is 
different from and lower than other opioid agonists.

AUTHOR CONTRIBUTIONS

KD, CB, and AH conducted the systematic search and identified 
articles. All authors contributed to the draft synthesis and 
summary. All authors have contributed to this final draft and 
support its submission.

FUNDING

Salary support for the investigators on this review was provided by 
the following grants from the National Institute on Drug Abuse: 
R01DA042751, R01DA035246, R01DA040644, R34DA042926, 
T32DA007209.

REFERENCES

 1. Berterame S, Erthal J, Thomas J, Fellner S, Vosse B, Clare P, et al. Use of and 
barriers to access to opioid analgesics: a worldwide, regional, and national study. 
Lancet (2016) 387(10028):1644–56. doi: 10.1016/S0140-6736(16)00161-6

 2. Kunnumpurath S, Julien N, Kodumudi G, Kunnumpurath A, Kodumudi V, 
Vadivelu N. Global supply and demand of opioids for pain management. 
Curr Pain Headache Rep (2018) 22(5):34. doi: 10.1007/s11916-018-0689-1

 3. Pastrana T, Wenk R, Radbruch L, Ahmed E, De Lima L. Pain treatment 
continues to be inaccessible for many patients around the globe: second 
phase of opioid price watch, a cross-sectional study to monitor the prices of 
opioids. J Palliative Med (2017) 20(4):378–87. doi: 10.1089/jpm.2016.0414

 4. Duthey B, Scholten W. Adequacy of opioid analgesic consumption at country, 
global, and regional levels in 2010, its relationship with development level, 
and changes compared with 2006. J Pain Symptom Manage (2014) 47(2):283–
97. doi: 10.1016/j.jpainsymman.2013.03.015

 5. De Lima L, Pastrana T, Radbruch L, Wenk R. Cross-sectional pilot study to 
monitor the availability, dispensed prices, and affordability of opioids around 
the globe. J Pain Symptom Manage (2014) 48(4):649–659. e1. doi: 10.1016/j.
jpainsymman.2013.12.237

 6. Manjiani D, Paul DB, Kunnumpurath S, Kaye AD, Vadivelu N. Availability 
and utilization of opioids for pain management: global issues. Ochsner J 
(2014) 14(2):208–15. 

 7. Vranken MJ, Lisman JA, Mantel-Teeuwisse AK, Jünger S, Scholten W, 
Radbruch L, et al. Barriers to access to opioid medicines: a review of national 
legislation and regulations of 11 central and eastern European countries. 
Lancet Oncol (2016) 17(1):e13–22. doi: 10.1016/S1470-2045(15)00365-4

 8. Bennett DS, Carr DB. Opiophobia as a barrier to the treatment of pain. 
J Pain Palliative Care Pharmacother (2002) 16(1):105–9. doi: 10.1080/
J354v16n01_09

 9. García CA, Santos Garcia JB, Rosario Berenguel Cook MD, Colimon F, Flores 
Cantisani JA, Guerrero C, et al. Undertreatment of pain and low use of opioids 
in Latin America. Pain Manag (2018) 8(3):181–96. doi: 10.2217/pmt-2017-0043

 10. Graczyk M, Borkowska A, Krajnik M. Why patients are afraid of opioid 
analgesics: a study on opioid perception in patients with chronic pain. Pol 
Arch Intern Med (2018) 128(2):89–97. doi: 10.20452/pamw.4167

 11. Nchako E, Bussell S, Nesbeth C, Odoh C. Barriers to the availability and 
accessibility of controlled medicines for chronic pain in Africa. Int Health 
(2018) 10(2):71–7. doi: 10.1093/inthealth/ihy002

 12. Rocha BA. Principles of assessment of abuse liability: US legal framework 
and regulatory environment. Behav Pharmacol (2013) 24(5 and 6):403–9. 
doi: 10.1097/FBP.0b013e328363d163

 13. Comer SD, Zacny JP, Dworkin RH, Turk DC, Bigelow GE, Foltin RW, et al. 
Core outcome measures for opioid abuse liability laboratory assessment 
studies in humans: IMMPACT recommendations. Pain (2012) 153(12):2315–
24. doi: 10.1016/j.pain.2012.07.035

 14. Schoedel K, Sellers E. Assessing abuse liability during drug development: 
changing standards and expectations. Clin Pharmacol Ther (2008) 83(4):622–
6. doi: 10.1038/sj.clpt.6100492

 15. Vocci FJ. The necessity and utility of abuse liability evaluations in human subjects. 
Br J Addict (1991) 86(12):1537–42. doi: 10.1111/j.1360-0443.1991.tb01745.x

 16. Walsh SL, Babalonis S. The abuse potential of prescription opioids in 
humans—closing in on the first century of research. In: Non-medical 
and illicit use of psychoactive drugs. Switzerland: Springer International 
Publishing (2016). p. 33–58. doi: 10.1007/7854_2016_448

 17. Schnabel A, Reichl SU, Meyer-Frießem C, Zahn PK, Pogatzki-Zahn E. 
Tramadol for postoperative pain treatment in children. Cochrane Database 
Syst Rev (2015) 18(3):CD009574. doi: 10.1002/14651858.CD009574.pub2

 18. Vlok R, Melhuish T, Chong C, Ryan T, White LD. Adjuncts to local 
anaesthetics in tonsillectomy: a systematic review and meta-analysis. 
J Anesthesia (2017) 31(4):608–16. doi: 10.1007/s00540-017-2310-x

 19. Santos Garcia JB, Lech O, Campos Kraychete D, Rico MA, Hernandez-Castro JJ, 
Colimon F, et al. The role of tramadol in pain management in Latin America: 
a report by the change pain Latin America advisory panel. Curr Med Res Opin 
(2017) 33(9):1615–21. doi: 10.1080/03007995.2017.1354821

 20. Vijayan R, Afshan G, Bashir K, Cardosa M, Chadha M, Chaudakshetrin P, 
et al. Tramadol: a valuable treatment for pain in Southeast Asian countries. 
J Pain Res (2018) 11:2567–75. doi: 10.2147/JPR.S162296

 21. Grond S, Sablotzki A. Clinical pharmacology of tramadol. Clin Pharmacokinet 
(2004) 43(13):879–923. doi: 10.2165/00003088-200443130-00004

 22. Raffa RB, Friderichs E, Reimann W, Shank RP, Codd EE, Vaught JL. Opioid 
and nonopioid components independently contribute to the mechanism 

https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://doi.org/10.1016/S0140-6736(16)00161-6
https://doi.org/10.1007/s11916-018-0689-1
https://doi.org/10.1089/jpm.2016.0414
https://doi.org/10.1016/j.jpainsymman.2013.03.015
https://doi.org/10.1016/j.jpainsymman.2013.12.237
https://doi.org/10.1016/j.jpainsymman.2013.12.237
https://doi.org/10.1016/S1470-2045(15)00365-4
https://doi.org/10.1080/J354v16n01_09
https://doi.org/10.1080/J354v16n01_09
https://doi.org/10.2217/pmt-2017-0043
https://doi.org/10.20452/pamw.4167
https://doi.org/10.1093/inthealth/ihy002
https://doi.org/10.1097/FBP.0b013e328363d163
https://doi.org/10.1016/j.pain.2012.07.035
https://doi.org/10.1038/sj.clpt.6100492
https://doi.org/10.1111/j.1360-0443.1991.tb01745.x
https://doi.org/10.1007/7854_2016_448
https://doi.org/10.1002/14651858.CD009574.pub2
https://doi.org/10.1007/s00540-017-2310-x
https://doi.org/10.1080/03007995.2017.1354821
https://doi.org/10.2147/JPR.S162296
https://doi.org/10.2165/00003088-200443130-00004


Tramadol Abuse PotentialDunn et al.

10Frontiers in Psychiatry | www.frontiersin.org September 2019 | Volume 10 | Article 704

of action of tramadol, an ‘atypical’ opioid analgesic. J Pharmacol Exp Ther 
(1992) 260(1):275–85. 

 23. Raffa RB, Friderichs E, Reimann W, Shank RP, Codd EE, Vaught JL, et al. 
Complementary and synergistic antinociceptive interaction between the 
enantiomers of tramadol. J Pharmacol Exp Ther (1993) 267(1):331–40. 

 24. Guo W, Zhan Q, Zhao Y, Wang L. Determination of cis and trans 
isomers of tramadol hydrochloride by capillary zone electrophoresis. 
Biomed Chromatogr (1998) 12(1):13–4. doi: 10.1002/(SICI)1099-0801 
(199801/02)12:1<13::AID-BMC712>3.3.CO;2-R

 25. Sevcik J, Nieber K, Driessen B, Illes P. Effects of the central analgesic 
tramadol and its main metabolite, o-desmethyltramadol, on rat locus 
coeruleus neurones. Br J Pharmacol (1993) 110(1):169–76. doi: 10.1111/
j.1476-5381.1993.tb13788.x

 26. Frink MC, Hennies HH, Englberger W, Haurand M, Wilffert B. Influence 
of tramadol on neurotransmitter systems of the rat brain. Arzneimittel-
Forschung (1996) 46(11):1029–36. 

 27. Hennies H, Friderichs E, Schneider J. Receptor binding, analgesic and antitussive 
potency of tramadol and other selected opioids. Arzneimittelforschung (1988) 
38(7):877–80. 

 28. Beier H, Garrido MJ, Christoph T, Kasel D, Trocóniz IF. Semi-mechanistic 
pharmacokinetic/pharmacodynamic modelling of the antinociceptive 
response in the presence of competitive antagonism: the interaction between 
tramadol and its active metabolite on μ-opioid agonism and monoamine 
reuptake inhibition, in the rat. Pharm Res (2008) 25(8):1789–97. doi: 
10.1007/s11095-007-9489-8

 29. García-Quetglas E, Azanza JR, Sádaba B, Muñoz MJ, Gil I, Campanero 
MA. Pharmacokinetics of tramadol enantiomers and their respective phase 
I metabolites in relation to CYP2D6 phenotype. Pharmacol Res (2007) 
55(2):122–30. doi: 10.1016/j.phrs.2006.11.003

 30. Parasrampuria R, Vuppugalla R, Elliott K, Mehvar R. Route-dependent 
stereoselective pharmacokinetics of tramadol and its active o-demethylated 
metabolite in rats. Chirality (2007) 19(3):190–6. doi: 10.1002/chir.20360

 31. Carroll CP, Walsh SL, Bigelow GE, Strain EC, Preston KL. Assessment of 
agonist and antagonist effects of tramadol in opioid-dependent humans. Exp 
Clin Psychopharmacol (2006) 14(2):109–20. doi: 10.1037/1064-1297.14.2.109

 32. Lofwall MR, Walsh SL, Bigelow GE, Strain EC. Modest opioid withdrawal 
suppression efficacy of oral tramadol in humans. Psychopharmacology (2007) 
194(3):381–93. doi: 10.1007/s00213-007-0847-3

 33. Apaydin S, Uyar M, Karabay NU, Erhan E, Yegul I, Tuglular I. The 
antinociceptive effect of tramadol on a model of neuropathic pain in rats. 
Life Sci (2000) 66(17):1627–37. doi: 10.1016/S0024-3205(00)00482-3

 34. Desmeules JA, Piguet V, Collart L, Dayer P. Contribution of monoaminergic 
modulation to the analgesic effect of tramadol. Br J Clin Pharmacol (1996) 
41(1):7–12. doi: 10.1111/j.1365-2125.1996.tb00152.x

 35. Dunn KE, Tompkins DA, Bigelow GE, Strain EC. Efficacy of tramadol 
extended-release for opioid withdrawal: a randomized clinical trial. JAMA 
Psychiatry (2017) 9:885–93. doi: 10.1001/jamapsychiatry.2017.1838

 36. Lanier RK, Lofwall MR, Mintzer MZ, Bigelow GE, Strain EC. Physical 
dependence potential of daily tramadol dosing in humans. Psychopharmacology 
(2010) 211(4):457–66. doi: 10.1007/s00213-010-1919-3

 37. Lofwall MR, Babalonis S, Nuzzo PA, Siegel A, Campbell C, Walsh SL. 
Efficacy of extended-release tramadol for treatment of prescription opioid 
withdrawal: a two-phase randomized controlled trial. Drug Alcohol Depend 
(2013) 133(1):188–97. doi: 10.1016/j.drugalcdep.2013.05.010

 38. Radbruch L, Glaeske G, Grond S, Münchberg F, Scherbaum N, Storz  E, 
et al. Topical review on the abuse and misuse potential of tramadol 
and tilidine in Germany. Subst Abuse (2013) 34(3):313–20. doi: 
10.1080/08897077.2012.735216

 39. Zosel A, Bartelson BB, Bailey E, Lowenstein S, Dart R. Characterization of 
adolescent prescription drug abuse and misuse using the researched abuse 
diversion and addiction-related surveillance (RADARS®) system. J  Am 
Acad Child Adolesc Psychiatry (2013) 52(2):196–204. e2. doi: 10.1016/j.
jaac.2012.11.014

 40. Salm-Reifferscheidt L. Tramadol: Africa’s opioid crisis. Lancet (2018) 
391(10134):1982–3. 

 41. Klein A. Drug problem or medicrime? Distribution and use of falsified 
tramadol medication in Egypt and West Africa. J Illicit Econ Dev (2019) 
1(1):52–62. doi: 10.31389/jied.10

 42. Bassiony MM, Salah El-Deen GM, Yousef U, Raya Y, Abdel-Ghani MM, 
El-Gohari H, et al. Adolescent tramadol use and abuse in Egypt. Am J Drug 
Alcohol Abuse (2015) 41(3):206–11. doi: 10.3109/00952990.2015.1014959

 43. Bassiony MM, Abdelghani M, Salah El-Deen GM, Hassan MS, El-Gohari H, 
Youssef UM. Opioid use disorders attributed to tramadol among Egyptian 
university students. J Addict Med (2018) 12(2):150–5. doi: 10.1097/
ADM.0000000000000380

 44. Epstein DH, Preston KL, Jasinski DR. Abuse liability, behavioral 
pharmacology, and physical-dependence potential of opioids in humans and 
laboratory animals: lessons from tramadol. Biol Psychol (2006) 73(1):90–9. 
doi: 10.1016/j.biopsycho.2006.01.010

 45. Compton P, Geschwind DH, Alarcon M. Association between human 
mu-opioid receptor gene polymorphism, pain tolerance, and opioid 
addiction. Am J Med Genet B Neuropsychiatr Genet (2003) 121B(1):76–82. 
doi: 10.1002/ajmg.b.20057

 46. Duke AN, Bigelow GE, Lanier RK, Strain EC. Discriminative stimulus effects 
of tramadol in humans. J Pharmacol Exp Ther (2011) 338(1):255–62. doi: 
10.1124/jpet.111.181131

 47. Strickland JC, Rush CR, Stoops WW. Mu opioid mediated discriminative-
stimulus effects of tramadol: an individual subjects analysis. J Exp Anal 
Behav (2015) 103(2):361–74. doi: 10.1002/jeab.137

 48. Babalonis S, Lofwall MR, Nuzzo PA, Siegel AJ, Walsh SL. Abuse liability and 
reinforcing efficacy of oral tramadol in humans. Drug Alcohol Depend (2013) 
129(1-2):116–24. doi: 10.1016/j.drugalcdep.2012.09.018

 49. Camí J, Lamas X, Farre M. Acute effects of tramadol in methadone-maintained 
volunteers. Drugs (1994) 47(1):39–43. doi: 10.2165/00003495-199400471-00007

 50. Das M, Jain R, Dhawan A, Kaur A. Assessment of abuse liability of tramadol 
among experienced drug users: double-blind crossover randomized 
controlled trial. J Opioid Manag (2016) 12(6):421–30. doi: 10.5055/
jom.2016.0361

 51. Preston KL, Jasinski DR, Testa M. Abuse potential and pharmacological 
comparison of tramadol and morphine. Drug Alcohol Depend (1991) 
27(1):7–17. doi: 10.1016/0376-8716(91)90081-9

 52. Stoops WW, Lofwall MR, Nuzzo PA, Craig LB, Siegel AJ, Walsh SL. 
Pharmacodynamic profile of tramadol in humans: influence of naltrexone 
pretreatment. Psychopharmacology (2012) 223(4):427–38. doi: 10.1007/
s00213-012-2739-4

 53. Zacny JP. Profiling the subjective, psychomotor, and physiological effects of 
tramadol in recreational drug users. Drug Alcohol Depend (2005) 80(2):273–
8. doi: 10.1016/j.drugalcdep.2005.05.007

 54. Comer SD, Ashworth JB, Sullivan MA, Vosburg SK, Saccone PA, Foltin RW. 
Relationship between rate of infusion and reinforcing strength of oxycodone 
in humans. J Opioid Manag (2009) 5(4):203–12. doi: 10.5055/jom.2009.0022

 55. Farre M, Camí J. Pharmacokinetic considerations in abuse liability evaluation. 
Br J Addict (1991) 86(12):1601–6. doi: 10.1111/j.1360-0443.1991.tb01754.x

 56. Edwards S, Koob GF. Escalation of drug self-administration as a hallmark of 
persistent addiction liability. Behav Pharmacol (2013) 24(5–6):356–62. doi: 
10.1097/FBP.0b013e3283644d15

 57. Marquardt KA, Alsop JA, Albertson TE. Tramadol exposures reported to 
statewide poison control system. Ann Pharmacother (2005) 39(6):1039–44. 
doi: 10.1345/aph.1E577

 58. Shadnia S, Soltaninejad K, Heydari K, Sasanian G, Abdollahi M. Tramadol 
intoxication: a review of 114 cases. Hum Exp Toxicol (2008) 27(3):201–5. doi: 
10.1177/0960327108090270

 59. Gauvin DV, Zimmermann ZJ, Baird TJ. Preclinical assessment of abuse 
liability of biologics: in defense of current regulatory control policies. Regul 
Toxicol Pharmacol (2015) 73(1):43–54. doi: 10.1016/j.yrtph.2015.06.009

 60. Bastami S, Haage P, Kronstrand R, Kugelberg FC, Zackrisson A, 
Uppugunduri S. Pharmacogenetic aspects of tramadol pharmacokinetics 
and pharmacodynamics after a single oral dose. Forensic Sci Int (2014) 
238:125–32. doi: 10.1016/j.forsciint.2014.03.003

 61. Fliegert F, Kurth B, Göhler K. The effects of tramadol on static and 
dynamic pupillometry in healthy subjects—the relationship between 
pharmacodynamics, pharmacokinetics and CYP2D6 metaboliser status. 
Eur J Clin Pharmacol (2005) 61(4):257–66. doi: 10.1007/s00228-005-0920-y

 62. Gan SH, Ismail R, Adnan WAW, Zulmi W. Impact of CYP2D6 genetic 
polymorphism on tramadol pharmacokinetics and pharmacodynamics. Mol 
Diagnosis Ther (2007) 11(3):171–81. doi: 10.1007/BF03256239

https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://doi.org/10.1002/(SICI)1099-0801(199801/02)12:1<13::AID-BMC712>3.3.CO;2-R
https://doi.org/10.1002/(SICI)1099-0801(199801/02)12:1<13::AID-BMC712>3.3.CO;2-R
https://doi.org/10.1111/j.1476-5381.1993.tb13788.x
https://doi.org/10.1111/j.1476-5381.1993.tb13788.x
https://doi.org/10.1007/s11095-007-9489-8
https://doi.org/10.1016/j.phrs.2006.11.003
https://doi.org/10.1002/chir.20360
https://doi.org/10.1037/1064-1297.14.2.109
https://doi.org/10.1007/s00213-007-0847-3
https://doi.org/10.1016/S0024-3205(00)00482-3
https://doi.org/10.1111/j.1365-2125.1996.tb00152.x
https://doi.org/10.1001/jamapsychiatry.2017.1838
https://doi.org/10.1007/s00213-010-1919-3
https://doi.org/10.1016/j.drugalcdep.2013.05.010
https://doi.org/10.1080/08897077.2012.735216
https://doi.org/10.1016/j.jaac.2012.11.014
https://doi.org/10.1016/j.jaac.2012.11.014
https://doi.org/10.31389/jied.10
https://doi.org/10.3109/00952990.2015.1014959
https://doi.org/10.1097/ADM.0000000000000380
https://doi.org/10.1097/ADM.0000000000000380
https://doi.org/10.1016/j.biopsycho.2006.01.010
https://doi.org/10.1002/ajmg.b.20057
https://doi.org/10.1124/jpet.111.181131
https://doi.org/10.1002/jeab.137
https://doi.org/10.1016/j.drugalcdep.2012.09.018
https://doi.org/10.2165/00003495-199400471-00007
https://doi.org/10.5055/jom.2016.0361
https://doi.org/10.5055/jom.2016.0361
https://doi.org/10.1016/0376-8716(91)90081-9
https://doi.org/10.1007/s00213-012-2739-4
https://doi.org/10.1007/s00213-012-2739-4
https://doi.org/10.1016/j.drugalcdep.2005.05.007
https://doi.org/10.5055/jom.2009.0022
https://doi.org/10.1111/j.1360-0443.1991.tb01754.x
https://doi.org/10.1097/FBP.0b013e3283644d15
https://doi.org/10.1345/aph.1E577
https://doi.org/10.1177/0960327108090270
https://doi.org/10.1016/j.yrtph.2015.06.009
https://doi.org/10.1016/j.forsciint.2014.03.003
https://doi.org/10.1007/s00228-005-0920-y
https://doi.org/10.1007/BF03256239


Tramadol Abuse PotentialDunn et al.

11Frontiers in Psychiatry | www.frontiersin.org September 2019 | Volume 10 | Article 704

 63. Garrido MJ, Sayar O, Segura C, Rapado J, Dios-Vieitez MC, Renedo MJ, et 
al. Pharmacokinetic/pharmacodynamic modeling of the antinociceptive 
effects of (+)-tramadol in the rat: role of cytochrome P450 2D 
activity. J Pharmacol Exp Ther (2003) 305(2):710–8. doi: 10.1124/  
jpet.102.047779

 64. Kirchheiner J, Keulen JT, Bauer S, Roots I, Brockmoller J. Effects of the 
CYP2D6 gene duplication on the pharmacokinetics and pharmacodynamics 
of tramadol. J Clin Psychopharmacol (2008) 28(1):78–83. doi: 10.1097/
JCP.0b013e318160f827

 65. Slanař O, Nobilis M, Kvetina J, Mikoviny R, Zima T, Idle JR, et al. Miotic 
action of tramadol is determined by CYP2D6 genotype. Physiol Res (2007) 
56(1). 

 66. Xu J, Zhang X, Lv X, Xu Y, Wang G, Jiang B, et al. Effect of the cytochrome 
P450 2D6* 10 genotype on the pharmacokinetics of tramadol in post-
operative patients. Pharmazie (2014) 69(2):138–41. 

 67. Carter LP, Griffiths RR. Principles of laboratory assessment of drug abuse 
liability and implications for clinical development. Drug Alcohol Depend 
(2009) 105(Suppl 1):S14–25. doi: 10.1016/j.drugalcdep.2009.04.003

Conflict of Interest: In the past 3 years, KD has served as a consultant for Beckley 
Canopy Therapeutics and Grünenthal. Grünenthal manufactures tramadol but 
did not contribute to this review. AH has received salary support from Ashley 
Addiction Treatment through Johns Hopkins University. ES has served as a 
consultant or served on advisory boards for Indivior, The Oak Group, Caron, 
Innocoll, Otsuka Pharmaceutical, Analgesic Solutions, and Pinney Associates, and 
has received research funding through Johns Hopkins University from Alkermes.

The remaining author declares that the research was conducted in the absence of  
any commercial or financial relationships that could be construed as a potential 
conflict of interest.

Copyright © 2019 Dunn, Bergeria, Huhn and Strain. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC 
BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/journals/psychiatry#articles
https://doi.org/10.1124/jpet.102.047779
https://doi.org/10.1124/jpet.102.047779
https://doi.org/10.1097/JCP.0b013e318160f827
https://doi.org/10.1097/JCP.0b013e318160f827
https://doi.org/10.1016/j.drugalcdep.2009.04.003
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	A Systematic Review of Laboratory Evidence for the Abuse Potential of Tramadol in Humans
	Introduction
	Rationale
	Tramadol
	Epidemiological Trends in Tramadol Abuse
	Objective and Research Question

	Methods
	Search Strategy and Selection Criteria
	Inclusion/Exclusion Criteria

	Results
	Study Selection and Characteristics
	Synthesized Findings
	Non-Physically Dependent Participants
	Persons With Opioid Physical Dependence


	Summary of Main Findings
	Limitations
	Conclusions

	Author Contributions
	Funding
	References


