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Abstract
Objectives  Tramadol is a widely prescribed analgesic that 
influences both opioid and monoamine neurotransmission. 
While seizures have been reported with its use, the risk 
in clinical practice has not been well characterised. We 
examined risk of seizure with tramadol relative to codeine, 
a comparable opioid analgesic.
Design  Retrospective nested case-control study. For each 
case, we identified up to 10 controls matched on age, 
sex, US state of residence and date of cohort entry (±365 
days). We calculated ORs to determine the association 
between seizure and exposure to tramadol, codeine 
(≥15 mg), both or neither, in the preceding 30 days.
Setting  Cohort of patients, who had continuous health 
coverage and resided in the same state for≥3 years, 
identified from linked administrative health data in US 
MarketScan databases from 2009 to 2012.
Participants  We identified 96 753 patients with seizure 
and 888 540 matched controls.
Primary and secondary outcome measures  In the 
primary analysis, we defined cases using a broad 
definition of seizure (based on either an outpatient 
physician claim for seizure disorder or a seizure-related 
emergency department visit or hospitalisation). In a 
secondary analysis, we used a more specific definition 
of seizure restricted to a hospital visit with a principal 
diagnosis of seizure.
Results  In the primary analysis, we found no association 
between risk of seizure and exposure to tramadol 
compared with codeine (OR 1.03, 95% CI 0.93 to 1.15). 
However, in the secondary analysis (using a more specific 
definition of seizure), this association was statistically 
significant (OR 1.41, 95% CI 1.11 to 1.79).
Conclusions  Tramadol was not associated with an 
increased risk of seizure defined by inpatient and outpatient 
diagnoses. However, this finding was sensitive to the 
outcome definition used and requires further study.

Introduction 
Tramadol is a widely used analgesic for both 
acute and chronic pain, with more than 
33 million prescriptions dispensed in the USA 
in 2011.1–4 Canadian data from the province 
of Ontario indicate that tramadol was used by 

11% of individuals prescribed an opioid for 
pain in 2016.3 

While tramadol itself inhibits reuptake of 
serotonin and norepinephrine, its primary 
metabolite (O-desmethyltramadol; ‘M1’) is 
an agonist at mu opioid receptors. Seizures 
emerged as a concern within a year of trama-
dol’s 1995 market approval in the USA, based 
on postmarketing reports to the Food and 
Drug Administration.5 The drug’s US label 
warns of the potential risk of seizures,6 which 
have been reported at standard doses and 
after overdose.6–8

Previous observational studies have reported 
a possible elevated risk of seizure associ-
ated with tramadol relative to non-use, but 
such comparisons are prone to indication 
bias.9 10 One study reported no increased risk 
of seizures associated with tramadol relative to 
either other opioids or non-opioid analgesics10; 
however, the study excluded cases with condi-
tions predisposing them to seizure while not 
treating controls in the same manner, which 
may have introduced bias.10 Consequently, the 
comparative risk of seizure with tramadol rela-
tive to other opioids remains uncertain.

We examined the association between 
new-onset seizures and recent use of tramadol, 
codeine, both or neither. We hypothesised that 

Strengths and limitations of this study

►► A strength of this study was a large sample size.
►► The study compared tramadol to codeine, a phar-
macologically similar opioid, to minimise bias by 
indication.

►► The study used a rigorous case-control design and 
controlled for prior diagnoses and prescription drug 
claims.

►► A limitation was the lack of a clear, well-validated 
definition of seizure relevant to our study population.

►► Assessment of exposure relied on prescription 
claims, but we had no direct measures of adherence.
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tramadol would be associated with a greater risk of seizure 
relative to codeine.

Methods
Setting and design
We designed a nested case-control study to examine the 
association between tramadol use and seizure outcomes in 
a cohort of US patients with private healthcare coverage. 
The study cohort consisted of subjects of any age who had 
continuous health coverage and had resided in the same 
state for a minimum of 3 years as of any date between 
1 January 2009 and 31 December 2012.

Sources of data
We used employer-sponsored and government-sponsored 
health plan data from the MarketScan Commercial Claims 
and Encounters Database (for patients younger than 65 
years) and the MarketScan Medicare Supplemental and 
Coordination of Benefits Database (for patients 65 years 
and older). These databases contain patient-level, linked 
data on plan enrolment, demographics, prescription 

drug claims, physician visits, emergency department visits 
and hospitalisations, and are extensively used in drug 
safety research.11–14

Identification of cases and controls
Subjects were eligible to be cases or controls on or after 
their cohort entry date, defined as the first date during 
the study period on which they met the study entry 
criteria (described above). We excluded patients with any 
previous diagnosis of seizure (International Classification 
of Diseases, version 9 (ICD-9), 780.3x), epilepsy or recur-
rent seizures (ICD-9, ​345.​xx) or cerebral palsy (ICD-9, ​
343.​xx) assigned at a physician visit, emergency depart-
ment visit or hospitalisation, as well as those dispensed an 
anticonvulsant drug (listed in online supplement table 1) 
in the 3 years preceding cohort entry. Patients remained 
in the cohort until the first occurrence of a physician 
visit, emergency department visit or hospitalisation for 
seizure, de-enrolment from coverage recorded in Market-
Scan databases, death in hospital, or the end of the study 
period (31 December 2012).

Figure 1  Study cohort and selection of cases and controls. CCAE, Commercial Claims and Encounters database; 
MDCR, Medicare Supplemental and Coordination of Benefits database.
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Despite several validation studies,15 16 a clear, validated 
algorithm for seizure relevant to our study population 
was not available. We therefore employed both a broad 

definition of seizure (including outpatient diagnoses as 
well as emergency department and inpatient diagnoses) 
in the primary analysis, and a more specific definition of 

Table 1  Baseline characteristics for cases and controls in analyses of tramadol and seizure

Characteristic

(a) Primary analysis* (b) Secondary analysis*

No (%) of patients† No (%) of patients†

Cases (n=96 753) Ctrls‡ (n=888 540) Cases (n=20 507) Ctrls‡ (n=204 531)

Age (years)

 � <18 28 648 (29.6) 284 988 (32.1) 7204 (35.1) 72 024 (35.2)

 � 18–29 5791 (6.0) 57 926 (6.5) 1517 (7.4) 15 133 (7.4)

 � 30–39 8060 (8.3) 80 416 (9.1) 1797 (8.8) 17 931 (8.8)

 � 40–49 11 972 (12.4) 119 667 (13.5) 2556 (12.5) 25 593 (12.5)

 � 50–59 15 250 (15.8) 152 985 (17.2) 2865 (14.0) 28 691 (14.0)

 � 60–64 4373 (4.5) 42 830 (4.8) 766 (3.7) 7607 (3.7)

 � ≥65 22 659 (23.4) 149 728 (16.9) 3802 (18.5) 37 552 (18.4)

Sex

 � Women 48 468 (50.1) 448 537 (50.5) 9366 (45.7) 93 367 (45.6)

 � Men 48 285 (49.9) 440 003 (49.5) 11 141 (54.3) 111 164 (54.4)

Diagnoses§

 � Stroke 5106 (5.3) 18 155 (2.0) 901 (4.4) 4034 (2.0)

 � Cerebrovascular 
disease¶

3836 (4.0) 10 541 (1.2) 702 (3.4) 2211 (1.1)

 � Previous brain injury 955 (1.0) 3284 (0.4) 207 (1.0) 787 (0.4)

 � Hypoxaemia 550 (0.6) 2481 (0.3) 100 (0.5) 559 (0.3)

 � Infection 4201 (4.3) 29 730 (3.3) 856 (4.2) 7121 (3.5)

 � Alzheimer’s disease 1180 (1.2) 3237 (0.4) 301 (1.5) 765 (0.4)

 � Depression 4960 (5.1) 23 088 (2.6) 1070 (5.2) 4781 (2.3)

 � Anxiety 3273 (3.4) 16 117 (1.8) 659 (3.2) 3429 (1.7)

 � Head injury 3938 (4.1) 18 919 (2.1) 911 (4.4) 4633 (2.3)

 � Malnutrition 356 (0.4) 1088 (0.1) 77 (0.4) 168 (0.1)

 � Diabetes 11 968 (12.4) 72 603 (8.2) 2267 (11.1) 15 442 (7.5)

 � Cancer 16 354 (16.9) 122 709 (13.8) 2862 (14.0) 26 459 (12.9)

Hospitalisations§ 

 � None 85 648 (88.5) 838 310 (94.3) 18 247 (89.0) 193 405 (94.6)

 � One 8747 (9.0) 43 044 (4.8) 1745 (8.5) 9650 (4.7)

 � Two 1750 (1.8) 5791 (0.7) 362 (1.8) 1191 (0.6)

 � Three or more 608 (0.6) 1395 (0.2) 153 (0.7) 285 (0.1)

Drug utilisation§ 

 � No of drugs, median 
(IQR)

4 (1,8) 4 (1,6) 4 (1,7) 3 (1,6)

 � Bupropion 1924 (2.0) 10 535 (1.2) 437 (2.1) 2058 (1.0)

 � Other antidepressant 14 320 (14.8) 75 005 (8.4) 2798 (13.6) 15 522 (7.6)

 � Anticholinergics 4794 (5.0) 29 900 (3.4) 830 (4.0) 6663 (3.3)

*The primary analysis used a sensitive definition of seizure, while the secondary analysis used a more specific definition of seizure.
†Except where indicated.
‡Ctrls=controls.
§In year prior to cohort entry.
¶Cerebrovascular disease other than stroke.
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seizure (restricted to emergency department visits and 
hospital admissions) in the secondary analysis. In the 
primary analysis, we defined cases of seizure as the first 
physician visit, emergency room visit or hospital admis-
sion with a diagnosis for convulsions (ICD-9, 780.3x) 
or for epilepsy or recurrent seizures (ICD-9, ​345.​xx). 
In the secondary analysis, we restricted our case defini-
tion to seizures involving an emergency department visit 
or hospital admission (ICD-9, ​345.​xx or 780.3x) in the 
first and primary diagnostic fields, respectively, selecting 
controls using the same approach applied in the primary 
analysis. We defined the date of first occurrence of seizure 
as a case’s index date.

For each case, we randomly selected up to 10 controls 
from the study cohort, matching on age, sex, US state of 
residence and date of cohort entry (within 1 year). The 
initial calliper for matching on age was ±2 years, but for 
cases with no matches we widened the calliper to ±5 years 
to avoid losing cases. We assigned controls the same index 
date as their corresponding case. Study subjects who 
became cases were permitted to serve as controls at an 
earlier time, and no subjects were permitted to serve as a 
control more than once.

Statistical analysis
We examined the association between new-onset seizures 
and exposure to tramadol, codeine (the reference drug), 
both tramadol and codeine, or neither drug in the 30 
days preceding the index date. We defined exposure to 
tramadol as any prescription claim for tramadol dispensed 

in the 30 days exposure window, and defined exposure to 
codeine as any prescription for codeine during the same 
period. However, we included only codeine formula-
tions of 15 mg or more to exclude codeine use for milder 
pain or other indications. In both cases, we limited the 
formulations to tablet or capsule. We used codeine as the 
comparator because, like tramadol, it is widely perceived 
as a weak opioid and is converted to an active opioid by 
cytochrome P450 enzyme 2D6.

We used conditional logistic regression to estimate 
ORs and 95% CIs for the association between seizure and 
exposure to tramadol, codeine, both or neither in the 
30 days preceding the index date. To test the robustness 
of our findings, we performed sensitivity analyses using 
exposure periods of 60 and 90 days. We adjusted for 
several potential confounding factors assessed in the year 
prior to cohort entry, including history of stroke, other 
cerebrovascular disease, head injury, brain injury, hypox-
aemia, infection, Alzheimer’s disease, depression, anxiety, 
malnutrition, diabetes and cancer, the number of hospi-
talisations, number of unique drugs dispensed, and one 
or more prescription drug claims for bupropion, other 
antidepressants and anticholinergics. The specific drugs 
and diagnosis codes we used to define these covariates are 
listed in online supplement tables 1 and 2, respectively. 
Statistical analyses were conducted with SAS, V.9.3.

Finally, we conducted an exploratory analysis of seizure 
with additional tramadol and codeine exposure categories 
based on average daily dose of medication dispensed in 

Table 2  Primary analysis of association between tramadol use and seizure (sensitive definition)

Exposure

Cases Controls

Crude OR (95% CI) Adjusted OR* (95% CI)n (%) n (%)

Treatment within 30 days

 � Codeine 627 (0.6) 2154 (0.2) 1 (reference) 1 (reference)

 � Tramadol 1601 (1.7) 5046 (0.6) 1.08 (0.98 to 1.21) 1.03 (0.93 to 1.15)

 � Both therapies† 43 (0.04) 63 (0.01) 2.44 (1.63 to 3.64) 2.25 (1.49 to 3.39)

 � No exposure 94 482 (97.7) 881 277 (99.2) 0.40 (0.36 to 0.43) 0.47 (0.43 to 0.51)

Treatment within 60 days

 � Codeine 946 (1.0) 3744 (0.4) 1 (reference) 1 (reference)

 � Tramadol 2312 (2.4) 8165 (0.9) 1.11 (1.02 to 1.21) 1.06 (0.97 to 1.15)

 � Both therapies† 77 (0.1) 156 (0.02) 2.00 (1.50 to 2.66) 1.78 (1.33 to 2.38)

 � No exposure 93 418 (96.6) 876 475 (98.6) 0.45 (0.42 to 0.49) 0.53 (0.49 to 0.57)

Treatment within 90 days

 � Codeine 1226 (1.3) 5268 (0.6) 1 (reference) 1 (reference)

 � Tramadol 2797 (2.9) 10 515 (1.2) 1.14 (1.05 to 1.23) 1.08 (1.00 to 1.16)

 � Both therapies† 106 (0.1) 240 (0.03) 1.92 (1.51 to 2.44) 1.66 (1.30 to 2.13)

 � No exposure 92 624 (95.7) 872 517 (98.2) 0.49 (0.46 to 0.52) 0.57 (0.54 to 0.61)

*Adjusted for comorbidities and health services use in the year prior to cohort entry: history of stroke, other cerebrovascular disease, brain 
injury, hypoxaemia, infection, Alzheimer’s disease, depression, anxiety, head injury, malnutrition, diabetes or cancer (in hospital or outpatient 
diagnoses); the number of drugs dispensed; the number of hospitalisations (0, 1, 2 or ≥3); and receipt of one or more prescriptions of 
bupropion, other antidepressants or anticholinergics.
†Patients with exposure at any dosage to both tramadol and codeine were categorised under ‘both therapies’. 
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the 90 days prior to the index date, to investigate whether 
a dose–response relationship exists between tramadol and 
seizure. We used codeine at a daily dosage of <180 mg as 
a reference category. We examined tramadol daily doses 
of  <200 mg, 200 to  <400 mg and  ≥400 mg, and codeine 
daily doses of 180 to <360 mg and ≥360 mg. We conducted 
separate dose–response analyses for seizure defined with 
a sensitive definition and with a specific definition. As 
a sensitivity analysis, we conducted an additional dose–
response analysis which used codeine ≤120 mg as a refer-
ence category and examined tramadol daily doses of 
≤150 mg, >150 to 250 mg and >250 mg, and codeine daily 
doses of >120 to 200 mg and >200 mg.

Patient and public involvement
We used secondary data from administrative health data-
bases to conduct our analyses. Patients and members of 
the public were not involved with the developing research 
questions or with study design.

Results
We identified 19 795 221 individuals meeting our inclu-
sion criteria (figure 1). From within this cohort, in the 
primary analysis we identified 96 753 cases, matching 
them with 888 540 controls (median age, 42 years; IQR 
13–58).  We excluded 70 (0.1%) potential cases due to 
lack of an eligible control. In the secondary analysis using 
the more specific case definition, we matched 20 507 
cases with 204 531 controls (median age, 38 years; IQR 

12–57), while 16 (<0.1%) potential cases were excluded 
due to lack of an eligible control. Baseline characteristics 
are shown in table 1. As expected, in both analyses, cases 
were more likely to have comorbidities, more hospitalisa-
tions and be prescribed medications relative to controls.

In the primary analysis, we observed no increased 
risk of seizures among patients who received tramadol 
compared with codeine alone (adjusted OR 1.03, 95% CI 
0.93 to 1.15) (table 2). However, patients treated with both 
tramadol and codeine experienced a markedly elevated 
risk of seizures relative to those treated with codeine 
alone (adjusted OR 2.25, 95% CI 1.49 to 3.39), while 
unexposed patients experienced a lower risk (adjusted 
OR 0.47, 95% CI 0.43 to 0.51) (table 2).

In the secondary analysis using the more specific case 
definition for seizure, we found that patients receiving 
tramadol faced a 41% higher risk of seizures compared 
with those receiving codeine alone (adjusted OR 1.41, 
95% CI 1.11 to 1.79) (table 3). Patients treated with both 
tramadol and codeine experienced a markedly higher 
risk of seizures relative to those treated with codeine 
alone (adjusted OR 5.79, 95% CI 2.42 to 13.83), while 
unexposed patients experienced a lower risk (adjusted 
OR 0.45, 95% CI 0.36 to 0.55). Analyses using exposure 
periods of 60 or 90 days produced similar results (tables 2 
and 3).

In our analyses of a dose–response relationship between 
seizure and tramadol exposure in the 90 days prior to 
the index date, we observed no significant association 

Table 3  Secondary analysis of association between tramadol use and seizure (specific definition)

Exposure

Cases Controls

Crude OR (95% CI) Adjusted OR* (95% CI)n (%) n (%)

Treatment within 30 days

 � Codeine 118 (0.6) 476 (0.2) 1 (reference) 1 (reference)

 � Tramadol 405 (2.0) 1111 (0.5) 1.48 (1.18 to 1.87) 1.41 (1.11 to 1.79)

 � Both therapies† 14 (0.1) 10 (0.005) 5.97 (2.58 to 13.79) 5.79 (2.42 to 13.83)

 � No exposure 19 970 (97.4) 202 934 (99.2) 0.40 (0.32 to 0.49) 0.45 (0.36 to 0.55)

Treatment within 60 days

 � Codeine 175 (0.9) 818 (0.4) 1 (reference) 1 (reference)

 � Tramadol 545 (2.7) 1777 (0.9) 1.45 (1.20 to 1.76) 1.40 (1.15 to 1.70)

 � Both therapies† 21 (0.1) 27 (0.01) 3.76 (2.07 to 6.80) 3.42 (1.85 to 6.35)

 � No exposure 19 766 (96.4) 201 909 (98.7) 0.46 (0.39 to 0.54) 0.52 (0.44 to 0.62)

Treatment within 90 days

 � Codeine 218 (1.1) 1147 (0.6) 1 (reference) 1 (reference)

 � Tramadol 633 (3.1) 2293 (1.1) 1.47 (1.24 to 1.75) 1.43 (1.20 to 1.70)

 � Both therapies† 30 (0.1) 50 (0.02) 3.20 (1.99 to 5.15) 2.84 (1.73 to 4.67)

 � No exposure 19 626 (95.7) 2 01 041 (98.3) 0.51 (0.44 to 0.59) 0.59 (0.51 to 0.68)

*Adjusted for comorbidities and health services use in the year prior to cohort entry: history of stroke, other cerebrovascular disease, 
brain injury, hypoxaemia, infection, Alzheimer’s disease, depression, anxiety, head injury, malnutrition, diabetes or cancer (in hospital 
or outpatient diagnoses); the number of drugs dispensed; the number of hospitalisations (0, 1, 2 or ≥ 3); and receipt of one or more 
prescriptions of bupropion, other antidepressants or anticholinergics.
†Patients with exposure at any dosage to both tramadol and codeine were categorised under ‘both therapies’.
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between tramadol or codeine and seizure when we used 
a sensitive definition of seizure (table 4). When we used 
a specific definition of seizure, we observed a higher risk 
of seizure for the highest level of tramadol exposure 
(OR 1.95, 95% CI 1.34 to 2.84, for tramadol  ≥400 mg 
daily) than for lower daily doses of tramadol, when each 
was compared with codeine  <180 mg daily. However, 
the risk of seizure was similar for low and moderate 
daily doses of tramadol (OR 1.52, 95% CI 1.17 to 
1.97, for tramadol <200 mg daily, and OR 1.54, 95% CI 
1.20 to 1.98, for tramadol 200 to  <400 mg daily). We 
observed no significant association between higher 
daily doses of codeine and seizure when compared with 
codeine  <180 mg daily; however, higher daily doses of 
codeine were correlated with higher point estimates of 
the risk of seizure when a specific definition of seizure 
was used (OR 1.16, 95% CI 0.85 to 1.58, for codeine 180 
to <360 mg daily, and OR 1.39, 95% CI 0.80 to 2.42, for 
codeine  ≥ 360 mg daily). Our sensitivity analysis using 
different dose categories produced a similar pattern of 
results (online supplement table 3).

Discussion
We found that tramadol was not associated with a higher 
risk of seizure than codeine when using a broad defini-
tion of seizure. However, when a more specific defini-
tion of seizure was used, tramadol was associated with 
a 41% increase in risk. A possible explanation for these 
discrepant results is that some patients were misclassified 
in the primary analysis due to a lack of specificity in the 
outcome definition, but not in a way that differed between 
tramadol and codeine users. This type of outcome misclas-
sification would typically bias an effect estimate toward a 
null effect.17 Therefore, although tramadol may be asso-
ciated with an increased risk of seizure, this finding was 
sensitive to the outcome definition used.

Two previous epidemiological studies using adminis-
trative health data reported a possible increased risk of 
seizure related to tramadol use,9 10 but these findings 
were based on comparisons with non-use and would 
almost certainly be subject to indication bias. One study 
reported that seizure risk associated with tramadol use 
was not elevated relative to other opioid or non-opioid 
analgesics,10 but the study was likely subject to selection 

Table 4  Dose–response analysis of association between tramadol use and seizure

Exposure within 90 days
(daily dose)*

Cases Controls Crude OR
(95% CI)

Adjusted OR†
(95% CI)n (%) n (%)

(a) Primary analysis (sensitive seizure 
definition):

 � Tramadol, <200 mg 1130 (1.17) 4212 (0.47) 1.10 (0.98 to 1.22) 1.04 (0.93 to 1.16)

 � Tramadol, 200 to <400 mg 1440 (1.49) 5466 (0.62) 1.12 (1.01 to 1.25) 1.09 (0.98 to 1.22)

 � Tramadol, ≥400 mg 227 (0.23) 837 (0.09) 1.23 (1.04 to 1.46) 1.16 (0.97 to 1.38)

 � Codeine, <180 mg 620 (0.64) 2577 (0.29) 1 (reference) 1 (reference)

 � Codeine, 180 to <360 mg 513 (0.53) 2325 (0.26) 0.95 (0.83 to 1.08) 0.98 (0.86 to 1.12)

 � Codeine, ≥360 mg 93 (0.10) 366 (0.04) 1.11 (0.87 to 1.42) 1.09 (0.85 to 1.40)

 � Both therapies‡ 106 (0.11) 240 (0.03) 1.89 (1.48 to 2.42) 1.66 (1.29 to 2.14)

 � No exposure 92 624 (95.73) 872 517 (98.20) 0.48 (0.44 to 0.53) 0.57 (0.52 to 0.62)

(b) Secondary analysis (specific seizure 
definition):

 � Tramadol, <200 mg 251 (1.22) 920 (0.45) 1.57 (1.22 to 2.03) 1.52 (1.17 to 1.97)

 � Tramadol, 200 to <400 mg 324 (1.58) 1204 (0.59) 1.54 (1.21 to 1.97) 1.54 (1.20 to 1.98)

 � Tramadol, ≥400 mg 58 (0.28) 169 (0.08) 1.94 (1.35 to 2.80) 1.95 (1.34 to 2.84)

 � Codeine, <180 mg 101 (0.49) 573 (0.28) 1 (reference) 1 (reference)

 � Codeine, 180 to <360 mg 97 (0.47) 494 (0.24) 1.11 (0.82 to 1.50) 1.16 (0.85 to 1.58)

 � Codeine, ≥360 mg 20 (0.10) 80 (0.04) 1.43 (0.84 to 2.43) 1.39 (0.80 to 2.42)

 � Both therapies‡ 30 (0.15) 50 (0.02) 3.45 (2.09 to 5.68) 3.12 (1.85 to 5.26)

 � No exposure 19 626 (95.70) 201 041 (98.29) 0.55 (0.45 to 0.68) 0.65 (0.52 to 0.80)

*Average daily dose dispensed during the 90 days exposure window.
†Adjusted for comorbidities and health services use in the year prior to cohort entry: history of stroke, other cerebrovascular disease, brain 
injury, hypoxaemia, infection, Alzheimer’s disease, depression, anxiety, head injury, malnutrition, diabetes or cancer (in hospital or outpatient 
diagnoses); the number of drugs dispensed; the number of hospitalisations (0, 1, 2 or ≥3); and receipt of one or more prescriptions of 
bupropion, other antidepressants or anticholinergics.
‡Patients with exposure at any dosage to both tramadol and codeine were categorised under ‘both therapies’.
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bias because the authors excluded cases with conditions 
predisposing them to seizure without treating controls in 
the same way.

The current study compared tramadol to codeine. 
In comparison with previous studies, our analyses of 
tramadol versus codeine use may provide estimates with 
greater validity by minimising selection biases, including 
indication bias. Codeine appears to increase risk of seizure 
compared with non-use, but subjects prescribed neither 
analgesic likely have better health status on average. If 
codeine were associated with seizure, this would bias our 
comparisons of tramadol and codeine toward a null result. 
While some case reports have suggested that codeine may 
be associated with seizure,18 19 there is a lack of rigorous 
epidemiological studies on this issue. We used codeine as 
a comparator both to limit indication bias and provide a 
clinically relevant comparison.

We found that tramadol was associated with a higher risk 
of seizure at the highest level of tramadol exposure than 
at low or moderate daily doses, compared with codeine, 
in a dose–response analysis using a specific definition of 
seizure. This provides some evidence of a dose–response 
relationship between tramadol and seizure, although the 
risk of seizure did not differ for low and moderate daily 
doses of tramadol when each was compared with codeine. 
It is not clear whether the increased risk for the highest 
tramadol exposure category was due to the higher dose 
of tramadol or to possibly to an increased susceptibility 
to seizure among patients receiving a high daily dose. 
Although no significant association was found between 
risk of seizure and higher doses of codeine relative to 
low-dose codeine, the correlation of higher doses of 
codeine with higher point estimates of the risk of seizure 
suggest a possible dose–response relationship which may 
represent indication bias.

Some limitations of our study merit emphasis. We used 
a broad seizure definition including outpatient diag-
noses in our primary analysis, but found an association 
between tramadol and seizure only in our secondary 
analysis using a definition of seizure restricted to emer-
gency department and inpatient diagnoses. It is possible 
that our primary outcome was biased toward the null due 
to misclassification bias, but this is unclear due to the 
lack of a well-validated definition of seizure in the litera-
ture.15 In addition, we compared tramadol and codeine 
to limit indication bias, but it is possible that patients 
treated with tramadol differed from those treated with 
codeine in unmeasurable ways. Although we adjusted 
for several potential confounding factors in our analyses, 
patients treated with tramadol and codeine might differ 
in disease severity. The prevalence of alcohol depen-
dence or opioid use disorder might also differ among 
treatment groups, but these factors are under-reported 
in administrative health data and were not adjusted for 
in our study. Finally, our assessment of exposure relied 
on prescription claims, and we have no direct measures 
of adherence. However, this applies equally to both 
tramadol and codeine.

Conclusions
In this study of US patients with employer-sponsored and 
government-sponsored health benefits, we found that 
tramadol in comparison to codeine was not associated 
with increased risk of seizure defined by inpatient and 
outpatient diagnoses. However, this finding was sensi-
tive to the outcome definition used and requires further 
study. While seizures are an uncommon adverse event, 
this outcome has considerable importance to public 
health due to the high prevalence of use of tramadol and 
other opioid and non-opioid analgesic medications, and 
the consequences of seizure activity (including falls, head 
injury and loss of driving privileges). Additional research 
is needed to investigate the potential association between 
tramadol use and seizures.
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