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Abstract
Purpose of Review Deaths associated to tramadol, a synthetic opioid, are rising globally. Herein, we characterize prescription
patterns of tramadol relative to other opioids in the USA from 2012 to 2015, by geographic region and physician specialty.
Recent Findings Data on opioid was obtained using Truven Health Analytics MarketScan for the years 2012–2015. Inclusion
criteria included subjects living in the USAwith ages from 12 to 64 years. Patterns of prescription of tramadol were contrasted
with other prescription opioids including hydrocodone, codeine, oxycodone, oxymorphone, methadone, and fentanyl. Between
2012 and 2015, prescriptions for tramadol increased by 22.8%. The absolute rate of prescription varies considerably per region,
with tramadol representing nearly 20% of opioid prescriptions in the South, which, in turn, represents nearly 50% of all
prescriptions in the USA. Significant differences were seen when comparing prescribers of tramadol with other opioids
(p < 0.0001). Tramadol was more frequently prescribed by family practice (40% vs. 32%) and internal medicine physicians
(19% vs. 16%). Family medicine, internal medicine, and non-physician prescribers responded by 67.2% of all tramadol pre-
scriptions in 2015. The proportion of patients receiving tramadol from non-physician prescribers increased by 56% between 2012
and 2015 (p < 0.001) IOM.
Summary Tramadol prescriptions rates have continuously increased both nationally and throughout all US regions. Important
differences exist among regions and physician specialties. These results may be helpful in the creation of regional policies to
monitor reasons for this increase and to avoid excessive use of tramadol.
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Introduction

Opioid analgesics are recommended for the treatment of
certain moderate to severe pain syndromes that persist
after non-pharmacological therapies and non-opioid med-
ications have been used [1, 2]. Opioids are widely pre-
scribed in the USA [3, 4], and around 20% of adult

patients presenting with non-cancer pain are prescribed
opioids [5], with 4% of them receiving long-term opioid
therapy [6].

The increased availability and rates of prescription of
opioids observed until recent years have been paralleled
by a robust increase in the rate of diversion, misuse, and
deaths, resulting in significant personal, familial, and pub-
lic health burdens [7, 8]. The causes of this opioid crisis
are multifactorial and complex and should not be concep-
tualized in terms of simple cause/effect models [9]. Even
the risk factor per se (opioid exposure) needs to be nu-
anced. Opioids may be natural, semi-synthetic, and syn-
thetic. They are formulated differentially and have differ-
ent potencies and duration of effects [10]; therefore, they
may be differently associated with rates of abuse and
misuse.

Tramadol is a synthetic opioid often used for acute pain
after surgery [11] or for chronic pain from conditions like
fibromyalgia [12, 13], chronic back pain [14], and diabetic
neuropathy [15]. Tramadol is considered less addictive than
other opioids, which are schedule II substances under the

This article is part of the Topical Collection on Hot Topics in Pain
and Headache

* Luisa M. Bigal
luisabig@gmail.com

1 Global Health and International Comparative Government, Duke
University, Durham, NC, USA

2 Global Health Outcomes and Real-World Evidence Generation,
Incyte Pharma, Wilmington, DE, USA

3 Biometrics and Data Sciences, Teva Pharmaceuticals, North
Wales, PA, USA

Current Pain and Headache Reports (2019) 23: 76
https://doi.org/10.1007/s11916-019-0777-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11916-019-0777-x&domain=pdf
mailto:luisabig@gmail.com


Controlled Substances Act, tramadol being a schedule IV sub-
stance [16]. Nonetheless, concerns exist. Analysis of drug
poisoning databases in England and Wales revealed that the
number of tramadol mentions on death certificates increased
twofold in only 2 years [17], and real concerns exist in certain
areas of the world such as Africa, where a “tramadol epidem-
ic” has been described [18]. Accordingly, obtaining descrip-
tive data on patterns of tramadol prescription in the USA is
informative in the context of the opioid epidemic.

Herein, we take advantage of the Truven database, which
maps data from 230 million lives since 1995, in order to char-
acterize prescription patterns of tramadol, relative to other
opioids, in the USA. We contrast prescription patterns by re-
gion and prescribing physician in the period of 2012 to 2015.

Methods

Database Specifications

Data on opioid prescription rates per region and physician
specialty was obtained from Truven Health Analytics
MarketScan Databases [19], which include data on nearly
230 million patients beginning in 1995. Patient-level data is
fully adjudicated and linked with other relevant datasets. The
Health AnalyticsMarketScan Databases are often used in gen-
eral research [20] and in studies focusing on opioids [21, 22].
Herein, we used the datasets to ascertain tramadol usage dur-
ing the years 2012–2015.

Inclusion Criteria

The MarketScan database contains information on patients
who are commercially insured via employer-based health in-
surance. We selected individuals with an age ranging from 12
to 64 years, living in the USA, and filing a prescription claim
involving an opioid between 2012 and 2015. Patients covered
by Medicare are underrepresented in the database [23]; thus,
we excluded those over 65 from our study. We defined opioid
usage as having evidence of at least one fill for opioid medi-
cations during any year between 2012 and 2015. Patients re-
ceivingmultiple opioids over time were counted once for each
used opioid. Similarly, prescribers were counted once for each
prescribed opioid medication.

Opioids included in the study were tramadol, hydrocodone,
codeine, oxycodone, oxymorphone, methadone, and fentanyl.
These opioids were chosen due to their public health relevance
[24]. With the exception of medications intended for cough
and cold such as codeine product combinations, all doses,
forms, and routes of administration of the studied opioids were
included.We included all codeine products not used for cough
and cold in this study.

Analysis

As per the Truven Health Analytics MarketScan data collection
methods, four geographic regions were defined: the Northeast,
North Central, South, and West regions. Table 1 shows the
states in each region. Opioids were quantified as per the number
of prescriptions and days supplied per calendar year.

Physician specialties were included in the study based on
previously published studies [25]. Specialties included family
practice; internal medicine; non-physician prescriber (nurse
practitioners and physician’s assistants); pain medicine; neu-
rology; oncology and palliative care; geriatrics and gerontol-
ogy; rheumatology; pediatrics; surgery. Prescription claims
were linked to medical claims within 7 days after visiting a
prescriber. By utilizing this function, we attempted to link
opioid prescriptions to physician specialty.

We summarized the data using descriptive statistics and
summary tables. Tramadol was compared with other opioids
as a function of region, prescribers, and demographics, includ-
ing age and gender. We also highlight the 75% and 95% per-
centiles of use of tramadol relative to all other opioids, as well
as to specific opioids. In order to measure change, we com-
pared data from 2012 to 2015. We used the two-sided chi-
square test to contrast proportions for selected variables.

Results

The number of participants per year and their demographics are
presented in Table 2. For each year, around 57% of the subjects
included in the study were female, while around 42%were male.
Median age was 45 years in 2012 and 47 years in 2015. The
absolute number of opioid prescriptions decreased in all regions,
but the South accounted for a larger proportion of opioid pre-
scriptions in 2016, as compared with 2012 (49% vs. 44%).

Table 1 Description of regions in the Truven database

Northeast North Central South West

Maine
New Hampshire
Vermont
New York
Massachusetts
Rhode Island
Connecticut
Pennsylvania
New Jersey
Maryland
Delaware

Ohio
Michigan
Indiana
Illinois
Missouri
Kansas
Wisconsin
Minnesota
Iowa
Nebraska
South Dakota
North Dakota

West Virginia
Virginia
Kentucky
North Carolina
South Carolina
Tennessee
Georgia
Florida
Alabama
Mississippi
Louisiana
Arkansas
Oklahoma
Texas

Alaska
Hawaii
Washington
Oregon
California
Idaho
Nevada
Montana
Wyoming
Utah
Colorado
Arizona
New Mexico
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Table 3 contrasts the number of opioid prescription per
1000 lives as a function of the opioid type and region of the
country in 2012 and 2015. Prescriptions for tramadol in-
creased by 22.8% during this time frame. Figure 1 presents
the relative variation on a year-to-year basis for the most com-
monly prescribed opioids, demonstrating the steady increase
in the prescription of tramadol. Although codeine prescrip-
tions also increased (Table 3), the variation seems to have
happened in the last year of the study, while tramadol demon-
strates a steady increase over 4 years (Fig. 1).

Regional differences in the pattern of tramadol prescription
are worth mentioning. Although an increase was seen in all
regions from 2012 to 2015, the increase was highest in the
South (22.5%) and West (21.3%) and lower in the Northeast
(10.8%) and North Central (12.3%). Tramadol now corre-
sponds to nearly 20% of prescriptions in the South, followed
by NC (15.9%), NE (13%), and West (12%). The quantity of
prescribed tramadol, as measured by days of supply per year,
as well as the number of distinct prescriptions per patient,
remained fairly stable from 2012 to 2015 (Table 4).

Significant differences were seen when comparing pre-
scribers of tramadol with other opioids (p < 0.00001).
Relative to other opioids, tramadol was more frequently

prescribed by family practice (40% vs. 32%) and internal
medicine physicians (19% vs. 16%) and was less frequently
prescribed by gynecologists (4% vs. 9%) and surgeons (21%
vs. 28%). Table 5 outlines the tramadol prescriptions by spe-
cialty in 2015, relative to other opioids, while Table 6 con-
trasts prescribers of tramadol in 2012 and 2015. Of interest,
the proportion of patients receiving tramadol from non-
physicians increased by 56%, from 4.7 to 7.3% (p < 0.001).

Discussion

Misuse, abuse, and addiction to opioids are associated to a
large societal and economic burden [1, 8, 26, 27]. From
1999 to 2015, opioid overdose deaths have quadrupled [28],
showing that the effects of the crisis are both real and tangible.
Opioids were involved in 63.1% of total drug overdose deaths
in 2015 [29]. The specific opiates causing these deaths, how-
ever, have also changed. Since 2015, a decrease has been seen
in overdose deaths involving prescription opioids, while over-
dose deaths involving heroin and non-prescribed fentanyl
have increased sharply [30–32].

The opioid crisis is incredibly complex and attempts to
describe it are often very simplistic [33]. Greater expectation
of pain relief by an aging population, increased survivorship
after injury and cancer, increased availability of prescribed
opioid medications, economic disadvantage and hopelessness,
medical prescription patterns, lack of integrated databases that
allowed proper surveillance, and other factors may have dif-
ferentially contributed to the crisis [33]. Even an established
risk factor per se (opioid exposure) should be well character-
ized. Opioids may be natural, semi-synthetic, and synthetic
and may be prescribed or obtained via diversion. They are
formulated differentially and have different potencies and du-
ration of effects [10]. Beyond opioid differences, the various
patterns of prescriptions by physician specialties and regional

Table 2 Demographic
characteristics of the study sample Characteristics 2012 2013 2014 2015

N % N % N % N %

Gender

Male 2,502,970 42.70 2,016,248 42.30 2,016,248 42.30 1,450,274 42.20

Female 3,357,126 57.30 2,747,679 57.70 2,747,679 57.70 1,984,700 57.80

Age

Median 45.00 46.00 46.00 47.00

Region

North Central 1,292,939 22.10 1,023,312 21.50 1,023,312 21.50 724,410 21.10

Northeast 870,871 14.90 650,864 13.70 650,864 13.70 476,435 13.90

South 2,559,505 43.70 1,984,266 41.70 1,984,266 41.70 1,687,463 49.10

West 1,057,757 18.10 991,843 20.80 991,843 20.80 537,929 15.70

Table 3 Opioid prescription per 1000 persons in 2012 and 2015

2012 2015 Variation (%)

Codeine 108.02 137.48 27.3

Fentanyl 7.95 7.44 − 6.4

Hydrocodone 696.84 593.75 − 14.8

Methadone 3.81 3.04 − 20.2

Oxycodone 236.65 289.67 22.4

Oxymorphone 2.63 2.39 − 9.1

Tramadol 170.09 208.85 22.8
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patterns of prescription are also of importance, especially at
times where abuse is shifting to synthetic opioids [34, 35].

Tramadol is a centrally acting analgesic with a multimode
of action. Its analgesic potency is claimed to be about one-tenth
that of morphine. While its metabolite O-desmethyltramadol
acts on the μ-opioid receptor, the (+) and (−) enantiomers act
on the serotonin and noradrenaline reuptake. This implies that
the analgesic mechanism of action of tramadol includes both
non-opioid components, i.e., noradrenergic and serotonergic
components and opioid components [11, 13]. The mechanism
of receptor occupancy is virtually identical to tapentadol,

which is a schedule II substance. Tramadol and tapentadol both
inhibit reuptake of norepinephrine to roughly the same degree,
but tramadol inhibits serotonin reuptake three times more than
tapentadol [47], which translates into a higher incidence of
serotonin-related toxicities for tramadol [46]. Tramadol is
available not only as an immediate-release formulation but also
as an extended-release formulation, approved by the FDA in
2005 for around-the-clock, once-daily dosing. The immediate-
release formulation is often associated with non-opioid analge-
sics such as acetaminophen, which might also increase the
perception of the drug as being mild and safe. As mentioned
in the limitation section of this paper, our database algorithm
did not allow for discrimination of immediate- vs. extended-
release formulations and of combination of medications.

We found that tramadol was being substantially more fre-
quently prescribed in 2015 than in 2012 in the USA. During
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Fig. 1 Year-to-year variation
relative to the prescription share
in 2012

Table 4 Description of tramadol prescription per region, as well as days
of supply and prescriptions per year in 2012 and 2015

Share of tramadol prescriptions among all opioids

2012 (%) 2015 (%) Increase from 2012 (%)

NC 14.2 15.9 12.3

NE 11.7 13 10.8

S 16.1 19.8 22.5

W 9.6 11.7 21.3

Total 13.8 16.8 21.2

Days of supply/year

2012 2015

Mean 52.32 49.56

Median 15.00 12.00

SD 91.20 87.85

Range 0–2160 0–1150

Number of prescriptions/year

2012 2015

Mean 2.57 2.50

Median 1.00 1.00

SD 3.24 3.08

Range 1–82 1–110

Table 5 Tramadol and other opioid prescriptions in 2015 as a function
of prescribers

Specialty Other opioids (%) Tramadol (%)

Family practice 32.30 40.10

Surgery 28.13 20.61

Internal medicine 16.04 19.84

Non-physician prescriber 9.04 7.27

Gynecology 6.92 4.09

Rheumatology 2.55 2.45

Pain medicine 1.63 1.84

Neurology 1.37 1.83

Pediatrics 1.05 1.11

Oncology 0.92 0.81

Geriatrics 0.05 0.06

All prescriptions were included, and prescribers were counted multiple
times if they prescribed multiple medications

76 Page 4 of 7 Curr Pain Headache Rep (2019) 23: 76



the same period of time, prescription of fentanyl had remained
stable, while oxycodone has increased its share while
hydrocodone share has significantly decreased, and the share
of codeine was kept consistent (Bigal et al., in press). An
increase of tramadol was seen in all regions but more frequent-
ly in the South and West regions. Characterizing regional dif-
ferences is important to better understand the crisis. The
Appalachian region is, by many, considered to be “ground
zero” in the opioid epidemic [36, 37]. Furthermore, in 2012,
Alabama, Tennessee, and West Virginia had the three highest
national prescribing rates for opioids per 100 persons [38].

Our findings agree with a study conducted in British
Columbia, Canada, where population-level data on out-of-
hospital opioid dispensing are recorded in a drug information
system that captures all retail pharmacy dispensations in the
province. Tramadol prescription increased steadily during the
time of the study. But since tramadol was launched in Canada
in 2013, the authors suggest that the findings for this particular
opioid reflect the natural uptake of a recently launched drug
rather than a true change in prescription patterns [39].

A study conducted in the USA examined the effects of the
2014 Drug Enforcement Administration’s reclassification of
opioids containing hydrocodone from schedule III to the more
restrictive schedule II. The study found that prescription rates
of tramadol remained fairly stable from 2013 to 2015 [40].
However, as the authors state, several other studies reported
an increase in tramadol prescription after the rescheduling of
hydrocodone [41–43]. They argue that most studies that doc-
umented the increase in tramadol were based on predominantly
indigent, pediatric, or veteran populations or from single health
systems, hospitals, or poison centers and were not nationally
representative. Our study is nationally representative; there-
fore, reasons for the discrepancy should be further explored.

Our findings also demonstrate an important difference in
the drivers of prescriptions per physician specialty. Family
medicine, internal medicine, and non-physician prescribers
responded by 67.2% of all tramadol prescriptions in 2015, a
substantial increase relative to 2012. Of interest, non-
prescribing physicians accounted for a substantially higher
share of tramadol prescriptions in 2015, relative to 2012
(56% increase). This increase was also documented in studies
where data was collected up to 2012 [25], suggesting that

“closer patient-prescriber communication or opioid oversight
may be needed in some cases” [44]. Therefore, our study
shows that a tendency for non-medical prescription of trama-
dol that was documented until 2012 remained in effect until
2015 as well.

This study is descriptive; therefore, future studies should
confirm the reasons for our findings. As discussed above,
rescheduling of compounds containing hydrocodone might
have contributed to the trend. Since several states impose reg-
ulations restricting family physicians to provide schedule II
drugs for chronic pain management [45], tramadol, being
schedule IV, certainly became a viable option for primary care,
and our data offers support to this statement. However, we
found that the increase predates 2014, when reclassification
happened. It might be speculated that since tramadol is con-
sidered to be less addictive, providers feel more comfortable
prescribing it relative to other opioids. Vilification of prescrip-
tion of other opioids, such as oxycodone and hydrocodone,
may also be driving prescriptions to the more socially accept-
able tramadol.

Tramadol is however addictive, and it also carries potential
for several other adverse events, including increasing the risk
of seizures, even at lower doses [46, 47]. The increased rate of
seizures in the USA has been documented and largely consid-
ered to be a cause of fentanyl and its more potent analog,
carfentanyl [48, 49], although the relative contribution of
tramadol to this phenomenon is possible. Finally, the effects
of the increased tramadol prescription on pain outcomes per se
should be documented.

This study has limitations. We did not collect information
on reasons for tramadol prescriptions; therefore, we were un-
able to assess appropriateness of care as per guidelines. We
also failed to discriminate if tramadol was being prescribed
alone or in combination with other medications such as acet-
aminophen. Furthermore, multiple prescriptions by single or
multiple physicians were counted independently and this is of
importance. Concomitant prescription of opioids [50] and of
opioids and other classes of medications, such as benzodiaz-
epines [51], has increased substantially over the last decade,
with important impact on outcomes but also potential impact
on prescription patterns. Additionally, we did not analyze data
at state level; therefore, we cannot make inferences on the
influence of state and regional laws and policies aiming to
deter opioid misuse. Strengths of this study include robust
sample size, use ofmethods that are similar to previous reports
in different time points, allowing for comparability, and de-
scription of trends for opioid type.

Conclusion

We conclude that tramadol prescriptions rates have contin-
uously increased both nationally and throughout all US

Table 6 Patterns of tramadol prescription in 2012 and 2015

2012 (%) 2015 (%)

Family practice 43.8 40.1

Internal medicine 20.2 19.8

Surgery 19.2 20.6

Non-physician 4.7 7.3

Other specialties 12.1 12.2
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regions. Important differences exist among regions and
physician specialties. Our findings suggest the need to fur-
ther understand reasons for this increase in order to avoid
excessive use of tramadol.
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