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Abstract

Tramadol is a commonly used opioid with a potential of addiction and abuse.

Using Danish nationwide registers, we aimed to (1) characterise opioid poison-

ings; (2) assess the 30-day mortality following morphine, oxycodone, and

mixed poisonings compared to tramadol poisonings; and (3) assess the devel-

opment in tramadol poisonings during a 12-year period.

Poisonings were identified from 2006 to 2017. A Cox proportional hazards

regression model was used to estimate adjusted hazard ratios (aHRs) along

with 95% confidence intervals (CIs) for 30-day mortality following morphine,

oxycodone or mixed poisonings compared to tramadol poisonings.

We identified 7718 opioid poisonings among 6365 patients. The patients with a

tramadol poisoning were younger and had less comorbidities than the patients

with a morphine, oxycodone or mixed poisoning. Within 30 days, a total of

205 patients died. The 30-day mortality risk was higher following morphine

(aHR 3.2, 95% CI 2.0–5.1), oxycodone (aHR 2.1, 95% CI 1.2–3.6) and mixed poi-

sonings (aHR 1.6, 95% CI 1.0–2.7) compared to tramadol poisonings. The

annual number of tramadol poisonings increased from 233 in 2006 to 501 in

2013 and declined to 348 in 2017.

In conclusion, despite a lower mortality risk compared to other opioid poison-

ings, physicians should consider the poisoning and abuse risks when prescrib-

ing tramadol.
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1 | INTRODUCTION

Tramadol was marketed in Denmark in 1993 and was
considered less addictive than traditional opioids.1–4 The

use of tramadol increased for many years and is now
widespread in Denmark despite a decreasing use during
the recent years.5 The potential for addiction and misuse
has been a debated topic which has led to tramadol being
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regulated more closely from authorities in, for example,
the United States and the United Kingdom.6,7 In
Denmark, from January 2018, tramadol has followed the
same regulatory restrictions of prescribing as opioids with
a known abuse potential (e.g. morphine and oxycodone).8

These restrictions entail, among other, that tramadol can
only be dispensed once per prescription and the use and
prescription pattern is under surveillance by the
authorities.8

Tramadol is a centrally acting opioid that, unlike tra-
ditional opioids, also inhibits the reuptake of noradrena-
lin and serotonin leading to various poisoning
symptoms.9 These include classic opioid symptoms such
as nausea and vomiting, central nervous system depres-
sion, and respiratory depression.10–13 Non-opioid symp-
toms include cardiac conduction disorders, seizures,
serotonin syndrome, and cardiogenic shock.10,11,13–15

Fatal cases of tramadol poisoning have been reported in
several countries.16–18 The use of opioids in the general
Danish population has changed dramatically during the
past decades.5,19 The annual prevalence of tramadol,
morphine, and oxycodone users increased from 2006 to
2017 and reached a total of 265 030, 97 765 and 69 470
users per year in 2017, respectively.20

Due to the widespread use of tramadol and potential
of addiction, the risk of tramadol poisoning is presumed
high but is sparsely investigated. In this study, we
assessed the mortality following a morphine, oxycodone,
or mixed poisoning compared to a tramadol poisoning.
Additionally, we characterised cases of opioid poisoning
and assessed the annual number of tramadol poisonings
during a 12-year period.

2 | METHODS

The study was a retrospective cohort study covering
patients registered with a tramadol, morphine, oxyco-
done, or mixed poisoning in Denmark from 1 January
2006 to 31 December 2017.

2.1 | Data sources

To identify poisonings, we collected data from the Danish
Poison Information Centre database (DPIC), the Danish
National Patient Registry (DNPR), and the Danish Regis-
ter of Causes of Death (DRCD). In order to link the data
sources, we used the unique identifier, the Civil Personal
Register (CPR) number, which is assigned to all Danish
residents at birth or immigration.

The DPIC was established in 2006 and offers a nation-
wide 24-h telephone advisory service for health-care

professionals and the public on pharmacological and non-
pharmacological toxicological issues. Inquiries to DPIC are
handled by specialised nurses, and when required, a physi-
cian is consulted. All inquiries are registered in the DPIC
database with information on, among others, drug, time of
intake, symptoms, recommended treatment, co-exposure
drugs, age, sex, and, for most inquiries, the CPR number is
recorded. In addition, the database has a ‘free text’
section where the nurse (or physician) can describe the spe-
cific case and the provided advice. Information on
suspected drugs is registered using the Anatomical Thera-
peutic Chemical (ATC) classification system which is a cod-
ing system classifying drugs according to the organ or
system on which they work.21

Information on poisonings registered at hospitals was
obtained from the DNPR.22 The DNPR contains informa-
tion on all admission and discharge diagnoses from Danish
hospitals since 1977. From 1994 and onwards, diagnoses
are classified according to the tenth revision of the Interna-
tional Classification of Diseases (ICD-10). Information on
death and causes of death was obtained from the Danish
Civil Registration System and the DRCD.23,24

2.2 | Cohort definitions

All patients registered in the DPIC database or in the
DNPR with a tramadol, morphine and/or oxycodone poi-
soning from 1 January 2006 to 31 December 2017 or in
the DRCD with a tramadol, morphine and/or oxycodone
poisoning from 1 January 2006 to 31 December 2016
were included in the study. Due to annual and not con-
tinuous updates of the DRCD, data from 2017 were
unavailable. We compared tramadol with these opioids
as they are the most frequently used, have similar indica-
tions and drug formulations, and are well known among
physicians.5,25

In the DPIC database, a case of poisoning was defined
as the registration of a relevant ATC code
(tramadol = N02AX02, morphine = N02AA01, or
oxycodone = N02AA05) as the suspected cause of the
poisoning. In addition, inquiries with a registration of
tramadol, morphine, or oxycodone, or a related word in
the ‘free text’ section were manually searched and
included in the relevant exposure cohort. A list of words
used in the search is provided in the supporting informa-
tion. In the DNPR and the DRCD, a case of tramadol,
morphine, or oxycodone poisoning was based on specific
ICD-10 codes and a supplementary code of tramadol,
morphine, or oxycodone (by ATC code). Codes are pro-
vided in the supporting information.

We included both mono (cases in which tramadol,
morphine, or oxycodone were the only administered
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substance) and mixed poisonings (cases with multiple
administered substances in addition to tramadol and/or
morphine, and/or oxycodone). For example, poisonings
with both tramadol and paracetamol, or morphine and
oxycodone, were classified as mixed poisonings.

In the DNPR, a hospitalisation can consist of one or
more registrations. If the time span between two registra-
tions was ≤6 hours, we considered the registrations to
belong to the same hospitalisation. An inquiry to the
DPIC and a hospitalisation were considered related to
the same poisoning case if the inquiry to the DPIC was
made between 24 h before the time of hospitalisation and
until the time of discharge.

2.3 | Outcomes

The primary outcome was the 30-day mortality risk fol-
lowing a tramadol, morphine, oxycodone, or mixed poi-
soning. In addition, we characterised poisoning cases and
calculated the annual number of cases of tramadol poi-
soning in Denmark from 2006 to 2017.

2.4 | Statistics

Descriptive statistics were used to present patient and
case characteristics. The patients were categorised
according to sex, age group (≤10, 11–30, 31–45, 46–65,
66–79 and ≥80), and comorbidities. Among the cases reg-
istered in the DPIC, we analysed the reason for the poi-
soning (intentional, unintentional, or abuse). If more
than one reason was registered, the reasons were ordered
so that abuse superseded intentional and unintentional,
which were exclusive. For cases in the DNPR, we
assessed the duration of hospitalisation (in days). Age,
sex, and comorbidities were analysed at date of first con-
tact to DPIC, date of admission, or date of death, which-
ever occurred first. For patients registered in the DNPR,
we included comorbidities in the analyses based on a
10-year history. We used the Elixhauser comorbidity
measure to calculate a comorbidity score based on ICD-
10 codes.26,27 ICD-10 codes are provided in the
supporting information (Table S1).

The index date was defined as the date of poisoning,
which was either the date of inquiry to the DPIC or the
date of hospitalisation with a poisoning, whichever came
first. For the mortality analyses, we included the first poi-
soning case for each patient during the study period. No
patients emigrated from the country within 30 days fol-
lowing the date of poisoning, and hence, no patients were
censored. The patients with a registration of death in the
DRCD during the study period but without a related

registration in the DNPR or DPIC were excluded from
the mortality analyses as no information on date of poi-
soning was available. The patients registered in DPIC
without a CPR number were excluded from the mortality
analyses as linkage to the remaining registers was
unfeasible. The 30-day mortality risks for cases of
tramadol, morphine, oxycodone, or mixed poisonings
were presented using the Kaplan-Meier estimate. A Cox
proportional hazards regression model was used to esti-
mate the crude and adjusted hazard ratio (HR) for 30-day
mortality following a morphine, oxycodone, or mixed
poisoning compared to a tramadol poisoning. Results
were presented with corresponding 95% confidence inter-
vals (95% CI). In the first adjusted model, we included
age (grouped) and sex. In the second adjusted model, we
added the Elixhauser comorbidity score. The proportional
hazards assumption was tested using the supremum test,
and a HR was reported at 7 days if the assumption was
violated for the 30-day mortality analysis. To account for
non-linearity in the Cox proportional hazards regression
model, the Elixhauser comorbidity score was included as
a third degree polynomial.

When calculating the annual incidence of tramadol poi-
sonings recorded in the DPIC, DNPR, or DRCD, the
denominators were the total yearly number of poisonings
in the DPIC, DNPR, or DRCD, respectively. The number of
yearly poisonings was identified in the DNPR and the
DRCD based on ICD-10 codes. In the DPIC database, the
number of yearly poisonings was identified based on all
inquiries. Hence, the denominators were not restricted to
opioid poisonings but included any type of poisonings. The
results were presented per 10 000 poisonings per year.

Due to national regulations on data protection, cases
<5 were not presented. All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute, Cary, NC,
USA).

2.5 | Ethics

This study was approved by the Danish Data Protection
Agency (BFH-2016-070). Anonymised, retrospective reg-
ister studies do not require ethical approval or written
informed consent according to the Danish Act on
Processing of Personal Data. This study follows the
Strengthening the Reporting of Observational Studies in
Epidemiology statement.28

3 | RESULTS

From 1 January 2006 to 31 December 2017, we identified
7718 tramadol, morphine, oxycodone, or mixed
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poisonings among 6365 patients (Figure 1). Among the
inquiries to the DPIC, 589 did not include a CPR number
and hence could not be identified in the DNPR and/or
DRCD. Across the three data sources, mixed poisonings
(n = 3484) were the most frequent followed by tramadol
(n = 1978), morphine (n = 1530), and oxycodone
(n = 726). In cases with a tramadol poisoning, 49% were
mono poisonings. Corresponding percentages for cases of
morphine or oxycodone poisoning were 58% and 54%,
respectively. The distribution of cases across data sources
is illustrated in the supporting information (Figure S1).
The overlap of cases between data sources was largest for
the DNPR and DPIC with 613 cases registered in both. A
total of four cases were registered in all three data
sources. In a post hoc analysis, we found that among the
3280 inquiries to the DPIC, 2214 resulted in a
hospitalisation (defined as hospitalisations from 24 h
before the inquiry to the DPIC) without a specific poison-
ing code in the DNPR.

The patient characteristics are shown in Table 1.
Mean (SD) age in years was 48.6 years (21.5), and the
proportion of males was 45%. Generally, the patients with
a tramadol poisoning had less comorbidities compared to
the patients with a morphine, oxycodone, or mixed poi-
soning (Table 1). The Elixhauser mean score (SD) among
tramadol poisonings was 0.92 (3.5), which was lower
than for morphine (2.8 [5.1]), oxycodone (2.6 [5.0]), and
mixed poisonings (1.4 [4.1]), indicating a lower level of
comorbidity. Particularly, the prevalence of cancer and
drug abuse was lower among patients with a tramadol
poisoning (Table 1). Case characteristics are displayed in
Table 2. Among hospitalisations due to tramadol

poisonings, the mean (SD) duration of hospitalisation
was 1.5 (3.9) days, which was lower than for cases of
morphine (2.8 [4.8]), oxycodone (2.7 [5.0]), and mixed
poisoning (1.6 [3.1]). Among poisonings with a registered
cause, drug abuse was registered for 11.5% of mixed poi-
sonings, 11.7% of tramadol poisonings, 13.8% of mor-
phine poisonings, and 21.0% of oxycodone poisonings
(Table 2).

During the study period, 2059 (32.3%) patients died.
Deaths only registered in the DRCD (n = 408) represen-
ted 48 tramadol, 103 morphine, 30 oxycodone, and 227
mixed poisonings. These cases were excluded from the
mortality analyses as the index date was unknown. A
total of 205 patients (3.2%) died within 30 days following
the index date representing 22 tramadol, 92 morphine, 28
oxycodone, and 63 mixed poisonings.

The Kaplan-Meier plot is shown in Figure 2. The
mortality (fully adjusted model) within 30 days was
higher among morphine (HR 3.2, 95% CI 2.0–5.1), oxyco-
done (HR 2.1, 95% CI 1.2–3.6), and mixed poisonings
(HR 1.6, 95% CI 1.0–2.7) compared to cases of tramadol
poisoning. The adjusted analyses resulted in lower HRs
compared to the unadjusted model. In all three models,
the HRs were higher among morphine, oxycodone, and
mixed poisonings compared to tramadol poisonings
(Table 3).

Because the proportional hazards assumption was
(marginally) violated for the 30-day mortality, the follow-
up period was shortened to 7 days. Within this time
period, the proportional hazards assumption was ful-
filled. Unadjusted and adjusted HRs for the 7-day mortal-
ity are presented in supporting information Table S2.

F I GURE 1 Description of the study cohort (1 January 2006 to 31 December 2017)

86 SØRENSEN ET AL.



TAB L E 1 Patient characteristics

All Tramadol Morphine Oxycodone Mixed

Drug n = unique patients (n = 6365) (n = 1554) (n = 1313) (n = 610) (n = 2888)

Sex (male) 45.0% 41.5% 51.0% 44.1% 44.4%

Missing 0.1% 0.1% - - 0.2%

Mean (SD) age (years) 48.6 (21.5) 45.2 (22.4) 55.6 (21.9) 53.5 (23.5) 46.2 (19.3)

Age groups

≤10 3.8% 6.4% 3.7% 5.7% 2.1%

11–30 17.7% 20.3% 10.7% 12.6% 20.5%

31–45 23.5% 24.9% 16.8% 16.6% 27.2%

46–65 31.6% 29.5% 31.2% 29.8% 33.3%

66–79 13.9% 9.4% 21.1% 21.3% 11.0%

≥80 9.5% 9.5% 15.5% 13.9% 5.7%

Missing 0.1% 0.1% - - 0.2%

Comorbiditiesa

Congestive heart failure 4.9% 3.5% 7.3% 9.0% 3.8%

Cardiac arrhythmias 8.9% 6.9% 13.3% 11.6% 7.3%

Valvular disease 2.3% 2.1% 3.1% 4.8% 1.6%

Pulmonary circulation disorders 2.2% 1.3% 3.2% 3.1% 1.9%

Peripheral vascular disorders 5.0% 3.9% 8.6% 7.5% 3.4%

Hypertension, uncomplicated 17.1% 14.3% 24.0% 24.3% 14.0%

Hypertension, complicated 1.7% 1.0% 2.2% 3.1% 1.5%

Paralysis 13.5% 11.1% 15.8% 19.3% 12.4%

Other neurological disorders 8.9% 7.2% 11.0% 7.4% 9.1%

Chronic pulmonary disease 14.2% 11.0% 18.1% 19.0% 13.2%

Diabetes, uncomplicated 8.8% 5.8% 13.9% 13.1% 7.1%

Diabetes, complicated 4.8% 2.3% 8.5% 9.2% 3.6%

Hypothyroidism 2.4% 2.6% 2.8% 3.3% 1.9%

Renal failure 2.8% 1.3% 4.4% 5.3% 2.3%

Liver disease 6.1% 3.6% 9.4% 4.3% 6.3%

Peptic ulcer disease excluding bleeding 2.8% 2.2% 3.0% 3.0% 3.1%

AIDS/HIV 0.3% 0.1% 0.6% 0.1% 0.4%

Lymphoma 0.9% 0.7% 1.4% 1.0% 0.7%

Metastatic cancer 1.7% 0.7% 4.2% 2.6% 1.0%

Solid tumour without metastasis 7.7% 4.3% 13.3% 13.3% 5.8%

RA/collagen vascular diseases 4.0% 3.8% 5.2% 4.6% 3.5%

Coagulopathy 1.2% 0.8% 0.8% 2.0% 1.4%

Obesity 8.6% 8.9% 7.5% 9.5% 8.8%

Weight loss 1.9% 1.6% 2.4% 3.0% 1.6%

Fluid and electrolyte disorders 9.9% 5.5% 16.3% 14.9% 8.3%

Blood loss anaemia 0.5% 0.4% 1.1% 0.7% 0.2%

Deficiency anaemia 2.5% 2.1% 3.4% 4.1% 1.9%

Alcohol abuse 29.5% 25.6% 27.8% 22.3% 34.0%

Drug abuse 21.6% 16.5% 28.3% 21.6% 21.2%

(Continues)
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Within 7 days, the mortality (adjusted and unadjusted
HRs) was higher among morphine, oxycodone, and
mixed poisonings compared to cases of tramadol poison-
ing (Table S2).

In the DPIC, the annual number of tramadol poison-
ings per 10 000 poisonings increased from 2006 to 2013
and levelled off at around 125/10 000 poisonings up until

2017 (Figure S2). During the study period, the total annual
number increased from 24 to 293 (Table S3). From 2006 to
2013, the annual number of tramadol poisonings in the
DNPR per 10 000 poisonings was stable around 50/10 000
poisonings but showed a decreasing trend from 2014 to
2017 (Figure S3). The corresponding annual number
decreased from 197 to 55 during the study period

TAB L E 1 (Continued)

All Tramadol Morphine Oxycodone Mixed

Drug n = unique patients (n = 6365) (n = 1554) (n = 1313) (n = 610) (n = 2888)

Psychoses 9.5% 8.2% 9.8% 7.2% 10.5%

Depression 36.8% 34.5% 29.8% 30.8% 42.5%

Elixhauser score (mean, SD) 1.7 (4.4) 0.92 (3.5) 2.8 (5.1) 2.6 (5.0) 1.4 (4.1)

RA, Rheumatoid Arthritis; AIDS/HIV, Acquired Immune Deficiency Syndrome/Human Immunodeficiency Virus.
aOnly applicable for cases identified in the Danish National Patient Registry (n = 4024).
Results are presented as percent or mean (SD).

TAB L E 2 Case characteristics

Tramadol Morphine Oxycodone Mixed

Drug n = unique patients All (n = 7718) (n = 1978) (n = 1530) (n = 726) (n = 3484)

Duration of hospitalisation (days) (n = 4024)a 2.0 (4.1) 1.5 (3.9) 2.8 (4.8) 2.7 (5.0) 1.6 (3.1)

Cause (n = 3903)b

Intentional 1,180 (30.2%) 254 (31.7%) 83 (20.1%) 44 (22.0%) 799 (42.8%)

Unintentional 682 (17.5%) 227 (28.3%) 117 (28.3%) 64 (32.0%) 274 (14.7%)

Abuse 406 (10.4%) 94 (11.7%) 57 (13.8%) 41 (21.0%) 214 (11.5%)

Results are presented as n (%) or mean (SD).
aOnly applicable for cases identified in the Danish National Patient Registry.
bOnly applicable for cases identified in the Danish Poison Information Center. The numbers do not add up to 100% due to missing data.

F I GURE 2 Thirty-day mortality

risk for tramadol, morphine,

oxycodone, and mixed poisonings
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(Table S3). In the DRCD, the annual number of tramadol
deaths per 10 000 poisoning-related deaths fluctuated
around 200/10 000 from 2006 to 2016, representing 7–20
deaths per year (Figure S4 and Table S3). The total num-
bers of annual poisonings in the DPIC, DNPR, and DRCD
from 2006 to 2017 are presented in Table S4.

4 | DISCUSSION

In this study, we identified a lower 30-day mortality risk
following a tramadol poisoning compared to morphine,
oxycodone, and mixed poisonings.

Previous studies analysing tramadol poisonings pri-
marily included case reports and cohorts identified from
local or national poisoning centres.11,14,17,29–33 Tramadol
poisoning cases are often described among young males,
who ingested large doses of tramadol. In line with our
results, tramadol is often ingested as part of a mixed poi-
soning.17,29,32 It has been described that fatal cases due to
mono tramadol poisonings are rare.32 More often lethal
poisonings occur when tramadol is ingested in combina-
tion with other drugs.32 Our results corroborate this as
we found a higher 30-day mortality risk following a
mixed poisoning compared to a tramadol poisoning. A
study described opioid-related poisonings from the Paris
poison centre between 2008 and 2017.33 Tramadol was
the most frequently reported opioid, but morphine was
the most lethal (27% of deaths) followed by tramadol
(24% of deaths).33 We identified a higher number of

morphine poisonings than tramadol poisonings that
might be due to identification of cases from several data
sources. The presented mortality risks are based on cases
of poisoning and might not represent the risk among
users of the specific opioids, which should be kept in
mind when interpreting the results.

The comparison of mortality risks between morphine,
oxycodone, tramadol, and mixed poisonings is prone to
confounding due to unmeasured or unknown differences
among the groups. We hypothesise that differences in,
for example, socioeconomic status, ingested dose, treat-
ment indication, and standard medication might be part
of the explanation. The analysed poisonings include a
variety of cases from mild to severe poisonings. If mor-
phine and oxycodone poisonings more often reflect an
intoxication with high doses, and hence increased risk, it
may explain the observed increased mortality risk. Unfor-
tunately, information on plasma drug concentrations and
ingested dose was not available in our study and hence
could not be adjusted for in the analyses. We found that
the duration of hospitalisations due to tramadol poison-
ings was shorter than other opioid-related poisonings.
This further indicates that the tramadol poisonings repre-
sented less severe cases.

Tramadol poisoning cases were younger and had less
comorbidities than morphine, oxycodone, and mixed poi-
sonings, which is in line with a previous study.5 This was
reflected in the Elixhauser score, which is a commonly
used comorbidity classification systems, with tramadol
cases having a lower score.

Our analyses included both children, adolescents,
adults, and elderly. The underlying cause of a poisoning
likely differs between the age groups as children acciden-
tally ingest inappropriate drugs which is also more likely
among elderly suffering from, for example, cognitive
impairment. Both children and elderly can have a
reduced kidney and liver function which affects the reac-
tion to the poisoning.

During the study period, we identified an increase in
the number of tramadol inquiries to the DPIC which could
be cause for concern. However, the use of tramadol in the
general population increased simultaneously, and knowl-
edge on the publicly available service became wide-
spread.19 To estimate the burden on the health care sector,
the number of hospitalisations was assessed and we did
not identify a substantial increase. It is possible that our
results were affected by the introduction of new electronic
health record systems at public hospitals in three Danish
regions (in 2010, 2016, and 2017, respectively), leading to
decreased registrations during this period. In addition, we
did not identify an increase in tramadol deaths which has
been described in, for example, the United Kingdom,
Northern Ireland, and Finland.34–36

TAB L E 3 Hazard ratio of 30-day mortality following tramadol,

morphine, oxycodone or mixed poisoning

HR (95% CI) p value

Unadjusted

• Tramadol 1 (reference) -

• Morphine 5.5 (3.5–8.8) <0.0001

• Oxycodone 3.6 (2.1–6.2) <0.0001

• Mixed poisoning 1.7 (1.0–2.7) 0.03

Adjusted for age and sex

• Tramadol 1 (reference) -

• Morphine 3.5 (2.2–5.6) <0.0001

• Oxycodone 2.4 (1.4–4.2) 0.002

• Mixed poisoning 1.8 (1.1–2.9) 0.02

Adjusted for age, sex and comorbidities

• Tramadol 1 (reference) -

• Morphine 3.2 (2.0–5.1) <0.0001

• Oxycodone 2.1 (1.2–3.6) 0.01

• Mixed poisoning 1.6 (1.0–2.7) 0.04

HR, Hazard Ratio; CI, Confidence Interval.
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Tramadol has been considered a drug with limited
potential for abuse and addiction.1,2,37 We found that the
annual number of tramadol poisonings ranged from 233 to
501 during the study period, and with regard to inquiries to
the DPIC, the annual number increased. Further, approxi-
mately 10% of tramadol poisoning cases in the DPIC were
reported to be due to abuse which underlines that tramadol
has a potential for abuse. Physicians should be aware of this
risk when prescribing tramadol. The use of opioids in the
general Danish population has changed dramatically dur-
ing the past years with a decrease in tramadol use and an
increase in morphine and especially oxycodone use.25 A
continued focus on opioid poisonings is deemed relevant,
especially given the identified increased mortality risk
among morphine and oxycodone poisonings.

In our study, as well as in other register-based studies,
we rely on data from registers and databases. The validity
of the data depends on many aspects including coding
practices. There is a risk of selection bias as our study
only identified and described cases actually registered in
the databases. We identified a small overlap between the
data sources, but in the post hoc analysis, we found that
a large proportion of poisonings in the DPIC were hos-
pitalised. However, they were not initially identified as
they were not coded with a specific poisoning code. The
poisonings identified in the three data sources potentially
differed, but these differences were handled in the
adjusted analysis. However, the risk of residual con-
founding should be kept in mind when interpreting the
results.

This study had some limitations that need to be taken
into consideration when interpretating the results. Firstly,
we used the term poisoning to describe identified cases.
However, some cases might not represent actual poison-
ings. It is possible that some cases, especially inquiries to
the DPIC, represent presumed poisonings, for example,
accidents and incorrect dosing. Hence, there is a risk of
misclassification. However, we do not assume the mis-
classification to be differential across the groups. Secondly,
as we assume that not all poisoning cases are registered in
the DPIC, the DNPR, or the DRCD, our study cohort does
not represent all cases of tramadol, morphine, oxycodone,
or mixed poisoning in Denmark. However, in Denmark,
there is just one national poison information centre mak-
ing it reasonable to presume that most cases are registered.
Lack of correct registration will result in a falsely low prev-
alence of poisonings across all three data sources. Data in
the DPIC and the DRCD have not been validated, and
using administrative registers entails a risk of mis-
classification. However, we do not assume any mis-
classification to be differential between patients with a
tramadol, morphine, oxycodone, or mixed poisoning. Still,
these limitations should be kept in mind when

interpreting the results. Lastly, in our mortality analysis,
the underlying cause of death is unknown. Hence, it is
possible that the patients experiencing a poisoning die fol-
lowing a different cause of death. However, we do not
assume that this is different across the poisoning groups.
Strengths of the study include identification of cases from
several data sources. This was considered necessary based
on an assumption of missing registration of poisoning
cases which was supported by the small overlap between
the data sources. In addition, all data sources are nation-
wide, and the DNPR and the DRCD include all somatic
hospital contacts and deaths during the study period. Fur-
ther, the long study period provided a large study cohort.
Lastly, for the mortality analyses, we were able to follow
up all patients due to no cases of censoring.

5 | CONCLUSION

The patients with a tramadol poisoning have a lower
short-term mortality compared to the patients with mor-
phine, oxycodone, or mixed poisoning. Despite the lower
risk associated with tramadol poisonings, these cases are
prevalent, and physicians prescribing tramadol should be
aware of the poisoning and abuse risk.

ACKNOWLEDGEMENT
Open access funding enabled and organized by Projekt
DEAL.

CONFLICT OF INTEREST
Espen Jimenez Solem reports grants from Vertex Phar-
maceuticals, Eli Lilly, and Novartis outside the submitted
work. The other authors report no conflicts of interest.

ORCID
Anne Mette Skov Sørensen https://orcid.org/0000-0001-
7399-8228
Tonny Studsgaard Petersen https://orcid.org/0000-
0002-9974-2738

REFERENCES
1. 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):116-124. doi:10.
1016/j.drugalcdep.2012.09.018

2. Christrup L, Sædder EA. Potential pharmacological conse-
quences of the development of the opioid consumption in
Denmark. Ugeskr Laeger. 2017;179(26):V01170077.

3. Lee CR, McTavish D, Tramadol SEM. A preliminary review
of its pharmacodynamic and pharmacokinetic properties,
and therapeutic potential in acute and chronic pain states.
Drugs. 1993;46(2):313-340. doi:10.2165/00003495-199346020-
00008

90 SØRENSEN ET AL.

https://orcid.org/0000-0001-7399-8228
https://orcid.org/0000-0001-7399-8228
https://orcid.org/0000-0001-7399-8228
https://orcid.org/0000-0002-9974-2738
https://orcid.org/0000-0002-9974-2738
https://orcid.org/0000-0002-9974-2738
info:doi/10.1016/j.drugalcdep.2012.09.018
info:doi/10.1016/j.drugalcdep.2012.09.018
info:doi/10.2165/00003495-199346020-00008
info:doi/10.2165/00003495-199346020-00008


4. Radbruch L, Glaeske G, Grond S, et al. Topical review on the
abuse and misuse potential of tramadol and tilidine in
Germany. Subst Abus. 2013;34(3):313-320. doi:10.1080/
08897077.2012.735216

5. Sørensen AMS, Rasmussen L, Ernst MT, et al. Use of tramadol
and other analgesics following media attention and risk mini-
mization actions from regulators: a Danish nationwide drug
utilization study. Eur J Clin Pharmacol Published online
October. 2020;28. doi:10.1007/s00228-020-03016-6

6. Drug Enforcement Administration, Department of Justice.
Schedule of controlled substances: placement of tramadol
into schedule IV. Final rule. Fed Regist. 2014;79(127):37623-
37630.

7. Chen TC, Chen LC, Knaggs RD. A 15-year overview of
increasing tramadol utilisation and associated mortality and
the impact of tramadol classification in the United Kingdom.
Pharmacoepidemiol Drug Saf. 2018;27(5):487-494. doi:10.1002/
pds.4320

8. Lægemiddelstyrelsen. Ny udleveringsstatus for visse opioider
træder i kraft den 1. January 2018. Accessed June 11, 2019.
https://laegemiddelstyrelsen.dk/da/nyheder/2017/ny-
udleveringsstatus-for-visse-opioider-traeder-i-kraft-den-1-
januar-2018/

9. Pedersen RS, Damkier P, Brøsen K. Enantioselective pharma-
cokinetics of tramadol in CYP2D6 extensive and poor
metabolizers. Eur J Clin Pharmacol. 2006;62(7):513-521. doi:
10.1007/s00228-006-0135-x

10. Perdreau E, Iriart X, Mouton JB, Jalal Z, Thambo JB. Cardio-
genic shock due to acute tramadol intoxication. Cardiovasc
Toxicol. 2015;15(1):100-103. doi:10.1007/s12012-014-9262-2

11. Marquardt KA, Alsop JA, Albertson TE. Tramadol exposures
reported to statewide poison control system. Ann
Pharmacother. 2005;39(6):1039-1044. doi:10.1345/aph.1E577

12. Wang SQ, Li CS, Song YG. Multiply organ dysfunction syn-
drome due to tramadol intoxication alone. Am J Emerg Med.
2009;27(7):903.e5-903.e7. doi:10.1016/j.ajem.2008.11.013

13. Ryan NM, Isbister GK. Tramadol overdose causes seizures and
respiratory depression but serotonin toxicity appears unlikely.
Clin Toxicol (Phila). 2015;53(6):545-550. doi:10.3109/15563650.
2015.1036279

14. Daubin C, Quentin C, Goullé JP, et al. Refractory shock and
asystole related to tramadol overdose. Clin Toxicol (15563650).
2007;45(8):961-964. doi:10.1080/15563650701438847

15. Kitson R, Carr B. Tramadol and severe serotonin syndrome.
Anaesthesia. 2005;60(9):934-935. doi:10.1111/j.1365-2044.2005.
04345.x

16. Musshoff F, Madea B. Fatality due to ingestion of tramadol
alone. Forensic Sci Int. 2001;116(2):197-199. doi:10.1016/S0379-
0738(00)00374-1

17. Michaud K, Augsburger M, Romain N, Giroud C, Mangin P.
Fatal overdose of tramadol and alprazolam. Forensic Sci Int.
1999;105(3):185-189. doi:10.1016/S0379-0738(99)00118-8

18. Goeringer KE, Logan BK, Christian GD. Identification of
tramadol and its metabolites in blood from drug-related deaths
and drug-impaired drivers. J Anal Toxicol. 1997;21(7):529-537.
doi:10.1093/jat/21.7.529

19. Danmark, Sundhedsstyrelsen. Kortlægning af opioidforbruget
i Danmark: med focus på patienter med kroniske non-maligne
smerter. Sundhedsstyrelsen; 2016.

20. The Danish Health Data Authority. www.medstat.dk (number
of persons redeeming a prescription of N02AX02, N02AA01,
N02AA05 from 2006 to 2017). Accessed March 11, 2022. www.
medstat.dk

21. World Health Organization. WORLD HEALTH ORGANIZA-
TION. Guidelines for ATC classification and DDD assignment
2022. WHO Collaborating Centre for Drug Statistics Methodol-
ogy. 2022. Accessed June 29, 2021. https://www.whocc.no/atc_
ddd_index/

22. Schmidt M, Schmidt SAJ, Sandegaard JL, Ehrenstein V,
Pedersen L, Sørensen HT. The Danish National Patient Regis-
try: a review of content, data quality, and research potential.
Clin Epidemiol. 2015;7:449-490. doi:10.2147/CLEP.S91125

23. Helweg-Larsen K. The Danish Register of Causes of Death.
Scand J Public Health. 2011;39(7_suppl):26-29. doi:10.1177/
1403494811399958

24. Schmidt M, Pedersen L, Sørensen HT. The Danish Civil Regis-
tration System as a tool in epidemiology. Eur J Epidemiol.
2014;29(8):541-549. doi:10.1007/s10654-014-9930-3

25. Schmidt M, Hallas J, Laursen M, Friis S. Data resource profile:
Danish online drug use statistics (MEDSTAT). Int J Epidemiol.
2016;45(5):1401-1402g. doi:10.1093/ije/dyw116

26. van Walraven C, Austin PC, Jennings A, Quan H, Forster AJ.
A modification of the Elixhauser comorbidity measures into a
point system for hospital death using administrative data. Med
Care. 2009;47(6):626-633. doi:10.1097/MLR.0b013e31819432e5

27. Quan H, Sundararajan V, Halfon P, et al. Coding algorithms
for defining comorbidities in ICD-9-CM and ICD-10 adminis-
trative data. Med Care. 2005;43(11):1130-1139. doi:10.1097/01.
mlr.0000182534.19832.83

28. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC,
Vandenbroucke JP. The Strengthening the Reporting of Obser-
vational Studies in Epidemiology (STROBE) statement: guide-
lines for reporting observational studies. Epidemiology. 2007;
18(6):800-804. doi:10.1097/EDE.0b013e3181577654

29. De Decker K, Cordonnier J, Jacobs W, Coucke V, Schepens P,
Jorens PG. Fatal intoxication due to tramadol alone: case
report and review of the literature. Forensic Sci Int. 2008;
175(1):79-82. doi:10.1016/j.forsciint.2007.07.010

30. Ripple MG, Pestaner JP, Levine BS, Smialek JE. Lethal combi-
nation of tramadol and multiple drugs affecting serotonin.
Am J Forensic Med Pathol. 2000;21(4):370-374. doi:10.1097/
00000433-200012000-00015

31. Taghaddosinejad F, Mehrpour O, Afshari R, Seghatoleslami A,
Abdollahi M, Dart RC. Factors related to seizure in tramadol
poisoning and its blood concentration. J Med Toxicol. 2011;
7(3):183-188. doi:10.1007/s13181-011-0168-0

32. Barbera N, Fisichella M, Bosco A, Indorato F, Spadaro G,
Romano G. A suicidal poisoning due to tramadol. A metabolic
approach to death investigation. J Forensic Leg Med. 2013;
20(5):555-558. doi:10.1016/j.jflm.2013.03.006

33. Caré W, Langrand J, Vodovar D, et al. Trends in severe opioid-
related poisonings and fatalities reported to the Paris poison
control center – a 10-year retrospective observational study.
Fundam Clin Pharmacol. 2020;34(4):495-503. doi:10.1111/fcp.
12534

34. Hawkes N. Deaths from tramadol and legal highs reach new
highs in England and Wales. BMJ. 2013;347:f5336. doi:10.
1136/bmj.f5336

SØRENSEN ET AL. 91

info:doi/10.1080/08897077.2012.735216
info:doi/10.1080/08897077.2012.735216
info:doi/10.1007/s00228-020-03016-6
info:doi/10.1002/pds.4320
info:doi/10.1002/pds.4320
https://laegemiddelstyrelsen.dk/da/nyheder/2017/ny-udleveringsstatus-for-visse-opioider-traeder-i-kraft-den-1-januar-2018/
https://laegemiddelstyrelsen.dk/da/nyheder/2017/ny-udleveringsstatus-for-visse-opioider-traeder-i-kraft-den-1-januar-2018/
https://laegemiddelstyrelsen.dk/da/nyheder/2017/ny-udleveringsstatus-for-visse-opioider-traeder-i-kraft-den-1-januar-2018/
info:doi/10.1007/s00228-006-0135-x
info:doi/10.1007/s12012-014-9262-2
info:doi/10.1345/aph.1E577
info:doi/10.1016/j.ajem.2008.11.013
info:doi/10.3109/15563650.2015.1036279
info:doi/10.3109/15563650.2015.1036279
info:doi/10.1080/15563650701438847
info:doi/10.1111/j.1365-2044.2005.04345.x
info:doi/10.1111/j.1365-2044.2005.04345.x
info:doi/10.1016/S0379-0738(00)00374-1
info:doi/10.1016/S0379-0738(00)00374-1
info:doi/10.1016/S0379-0738(99)00118-8
info:doi/10.1093/jat/21.7.529
http://www.medstat.dk
http://www.medstat.dk
https://www.whocc.no/atc_ddd_index/
https://www.whocc.no/atc_ddd_index/
info:doi/10.2147/CLEP.S91125
info:doi/10.1177/1403494811399958
info:doi/10.1177/1403494811399958
info:doi/10.1007/s10654-014-9930-3
info:doi/10.1093/ije/dyw116
info:doi/10.1097/MLR.0b013e31819432e5
info:doi/10.1097/01.mlr.0000182534.19832.83
info:doi/10.1097/01.mlr.0000182534.19832.83
info:doi/10.1097/EDE.0b013e3181577654
info:doi/10.1016/j.forsciint.2007.07.010
info:doi/10.1097/00000433-200012000-00015
info:doi/10.1097/00000433-200012000-00015
info:doi/10.1007/s13181-011-0168-0
info:doi/10.1016/j.jflm.2013.03.006
info:doi/10.1111/fcp.12534
info:doi/10.1111/fcp.12534
info:doi/10.1136/bmj.f5336
info:doi/10.1136/bmj.f5336


35. Häkkinen M, Launiainen T, Vuori E, Ojanperä I.
Comparison of fatal poisonings by prescription opioids.
Forensic Sci Int. 2012;222(1–3):327-331. doi:10.1016/j.
forsciint.2012.07.011

36. Randall C, Crane J. Tramadol deaths in Northern Ireland: a
review of cases from 1996 to 2012. J Forensic Leg Med. 2014;23:
32-36. doi:10.1016/j.jflm.2014.01.006

37. Tjäderborn M, Jönsson AK, Hägg S, Ahlner J. Fatal uni-
ntentional intoxications with tramadol during 1995–2005.
Forensic Sci Int. 2007;173(2–3):107-111. doi:10.1016/j.forsciint.
2007.02.007

SUPPORTING INFORMATION
Additional supporting information may be found in the
online version of the article at the publisher’s website.

How to cite this article: Sørensen AMS,
Petersen J, Christensen MB, et al. Short-term
mortality following tramadol poisonings in
Denmark. Basic Clin Pharmacol Toxicol. 2022;
131(1):83‐92. doi:10.1111/bcpt.13741

92 SØRENSEN ET AL.

info:doi/10.1016/j.forsciint.2012.07.011
info:doi/10.1016/j.forsciint.2012.07.011
info:doi/10.1016/j.jflm.2014.01.006
info:doi/10.1016/j.forsciint.2007.02.007
info:doi/10.1016/j.forsciint.2007.02.007
info:doi/10.1111/bcpt.13741

	Short-term mortality following tramadol poisonings in Denmark
	1  INTRODUCTION
	2  METHODS
	2.1  Data sources
	2.2  Cohort definitions
	2.3  Outcomes
	2.4  Statistics
	2.5  Ethics

	3  RESULTS
	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	REFERENCES


