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Tramadol Use and the Risk of Hospitalization
for Hypoglycemia in Patients With Noncancer Pain
Jean-Pascal Fournier, MD, PhD; Laurent Azoulay, PhD; Hui Yin, MSc;
Jean-Louis Montastruc, MD, PhD; Samy Suissa, PhD

IMPORTANCE Tramadol is a weak opioid analgesic whose use has increased rapidly, and it has
been associated with adverse events of hypoglycemia.

OBJECTIVE To assess whether tramadol use, when compared with codeine use, is associated
with an increased risk of hospitalization for hypoglycemia.

DESIGN, SETTING, AND PARTICIPANTS A nested case-control analysis was conducted within
the United Kingdom Clinical Practice Research Datalink linked to the Hospital Episodes
Statistics database of all patients newly treated with tramadol or codeine for noncancer pain
between 1998 and 2012. Cohort and case-crossover analyses were also conducted to assess
consistency of the results.

MAIN OUTCOMES AND MEASURES Cases of hospitalization for hypoglycemia were matched
with up to 10 controls on age, sex, and duration of follow-up. Odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated comparing use of tramadol with codeine. A cohort
analysis, with high-dimensional propensity score–adjusted hazard ratios (HRs) and 95% CIs,
was performed comparing tramadol with codeine in the first 30 days after treatment
initiation. Finally, a case-crossover analysis was also performed, in which exposure to
tramadol in a 30-day risk period immediately before the hospitalization for hypoglycemia was
compared with 11 consecutive 30-day control periods. Odds ratios and 95% CIs were
estimated using conditional logistic regression analysis.

RESULTS The cohort included 334 034 patients, of whom 1105 were hospitalized for
hypoglycemia during follow-up (incidence, 0.7 per 1000 per year) and matched to 11 019
controls. Compared with codeine, tramadol use was associated with an increased risk of
hospitalization for hypoglycemia (OR, 1.52 [95% CI, 1.09-2.10]), particularly elevated in the
first 30 days of use (OR, 2.61 [95% CI, 1.61-4.23]). This 30-day increased risk was confirmed in
the cohort (HR, 3.60 [95% CI, 1.56-8.34]) and case-crossover analyses (OR, 3.80 [95% CI,
2.64-5.47]).

CONCLUSIONS AND RELEVANCE The initiation of tramadol therapy is associated with an
increased risk of hypoglycemia requiring hospitalization. Additional studies are needed to
confirm this rare but potentially fatal adverse event.
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T ramadol hydrochloride is a weak opioid analgesic whose
use has increased steadily worldwide.1,2 Recently,
several spontaneous reports have raised concerns

that its use might be associated with an increased risk of
hypoglycemia.3-8 In a pharmacovigilance study, tramadol-
induced hypoglycemia occurred rapidly after initiation—
within 10 days of treatment.8 Moreover, there were no known
risk factors, such as diabetes mellitus, in more than 40% of the
reports.8

Hypoglycemia is a serious clinical event that has been as-
sociated with elevated death rates in patients with diabetes.9-11

Furthermore, prolonged and profound hypoglycemia can cause
brain death, as well as fatal cardiac arrhythmia.12 With re-
spect to tramadol, it is biologically plausible that it may in-
duce hypoglycemia through its dual effects on μ opioid recep-
tors and inhibitory activity on serotonin-norepinephrine
reuptake.13

Given the increasing use of tramadol in the general
population,1,2 there is a need to assess whether this drug is as-
sociated with an increased risk of hospitalization for hypogly-
cemia, a potentially fatal outcome. The objective of this large
population-based study was to determine whether use of tra-
madol, when compared with use of codeine, another weak opi-
oid not previously associated with hypoglycemia, is associ-
ated with an increased risk of hospitalization for hypoglycemia
in individuals with noncancer pain.

Methods
Data Sources
This study was conducted using the United Kingdom Clinical
Practice Research Datalink (CPRD) linked to the Hospital Epi-
sode Statistics (HES) database. The CPRD includes more than
13 million patients from more than 680 practices in the United
Kingdom14 and records information on diagnoses, prescrip-
tions, referrals, lifestyle habits, and anthropometric measure-
ments such as body mass index. Information in the CPRD is
regularly audited and has been shown to be highly valid (me-
dian proportion of patients with confirmed diagnoses is
89%).15,16 Since 1997, the HES database records all hospital-
izations in England. The recorded information includes hos-
pitalization dates, primary and secondary diagnoses (coded
using International Classification of Diseases, 10th Revision [ICD-
10]), and related procedures.

The study protocol was approved by the Independent
Scientific Advisory Committee of the CPRD (protocol
14_099R) and by the Research Ethics Board of Jewish Gen-
eral Hospital, Montreal, Quebec, Canada. Patient informed
consent was not necessary since the data were anonymized
for research purposes.

Study Population
We assembled a population-based cohort of patients newly
treated with oral formulations of tramadol or codeine be-
tween April 1, 1998, and March 1, 2012. Patients initiating treat-
ment with a codeine formulation for cough or diarrhea were
not included. Cohort entry was defined by the date of the first

prescription for these drugs during the study period. At co-
hort entry, patients were required to be at least 18 years old and
have at least 1 year of baseline medical history in the CPRD and
HES. We excluded patients concurrently prescribed other opi-
oids at cohort entry (listed in eTable 1 in the Supplement), thus
limiting the cohort to patients using tramadol or codeine only.
We also excluded patients who had received a cancer diagno-
sis (other than nonmelanoma skin cancer) at any time before
cohort entry, as well as those previously hospitalized for hy-
poglycemia (ICD-10 codes E15, E16.0, E16.1, and E16.2, in pri-
mary or secondary position) in the year before cohort entry.

Patients were followed from cohort entry until the study
outcome of hospitalization for hypoglycemia (defined in the
Methods), death from any cause, end of registration with the
general practice, or end of the study period (March 31, 2012),
whichever occurred first.

Case-Control Selection
A nested case-control analysis was conducted within the afore-
mentioned cohort. This analytic approach was chosen be-
cause of the time-varying nature of exposure, the size of the
cohort, and the long duration of follow-up.17

Cases were all patients with a first hospitalization for hy-
poglycemia (recorded within the first 2 days of hospitaliza-
tion; ICD-10 codes E15, E16.0, E16.1, or E16.2, in primary or sec-
ondary position) during the study period. The index date was
defined as the time of the case’s hospital admission. Up to 10
controls were randomly selected from the risk sets of each case
and matched on age, sex, and duration of follow-up.

Exposure Definition
Cases and controls were classified into 1 of 3 mutually exclu-
sive categories on the basis of their exposure status at index
date: (1) codeine use, defined by a first prescription in the 30
days before index date, with no prior prescriptions of co-
deine or tramadol in the year before the index date; (2) trama-
dol use, defined by a prescription in the 30 days before the in-
dex date, but no codeine prescriptions in the year before the
index date; and (3) other patterns and combinations, consist-
ing of concurrent use of tramadol and codeine, previous use
of either tramadol or codeine in the year before the index date,
and no use of either medication in the year before the index
date. The tramadol group included those who initiated trama-
dol therapy 30 days or less before the index date, as well as
those who initiated tramadol therapy more than 30 days be-
fore the index date. This was done to assess whether the risk
varies with timing of treatment initiation, an analysis moti-
vated by the pharmacovigilance study that signaled a rapid on-
set of tramadol-induced hypoglycemia (ie, within 10 days).8

Thus, in a secondary analysis, tramadol use was further clas-
sified according to timing of the first prescription in the year
before the index date (ie, first prescription ≤30 days and >30
days before index date). The reference category for all analy-
ses consisted of codeine use.

Potential Confounders
The following predefined baseline covariates were consid-
ered in the models: calendar year of cohort entry, body mass
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index, excessive alcohol use (defined as alcohol-related dis-
orders such as alcoholism, alcoholic cirrhosis of the liver, al-
coholic hepatitis, and hepatic failure), comorbidities (chronic
renal insufficiency, liver disease, pancreatic disease, other en-
docrine disease [including adrenal insufficiency and hypopi-
tuitarism], and dumping syndrome–inducing surgical proce-
dures [gastrectomy and bypass surgery]; all measured in the
year before cohort entry), use of prescription drugs (antidia-
betic drugs [insulins, sulfonylureas, metformin hydrochlo-
ride, other antidiabetic drugs; entered individually in the mod-
els], β-blockers, angiotensin-converting enzyme inhibitors,
fluoroquinolones, co-trimoxazole, antiepileptics, antidepres-
sants [selective serotonin reuptake inhibitors, serotonin nor-
epinephrine reuptake inhibitors, other antidepressants], an-
tipsychotics, aspirin, nonsteroidal anti-inflammatory drugs,
propoxyphene hydrochloride, and other opioids [listed in
eTable 1 in the Supplement]; all measured in the 90 days be-
fore cohort entry), and opioid-related indications (headache,
abdominal and pelvic pain, musculoskeletal pain, neuralgia,
other pain [including chest pain, otolaryngological pain, and
unspecified pain], injury or trauma, and surgery; all mea-
sured in the 90 days before cohort entry). As additional prox-
ies of health status, the models also included the number of
general practice visits and number of hospitalizations in the
year before cohort entry, as well as number of prescription
drugs received in the 90 days before cohort entry. Variables with
missing data were coded with an “unknown” category.

Statistical Analysis
Primary Analysis: Nested Case-Control Approach
Descriptive statistics were used to summarize the character-
istics of the cohort, cases and matched controls. We calcu-
lated the crude incidence of hospitalization for hypoglyce-
mia, along with 95% confidence intervals (CIs) based on the
Poisson distribution. Conditional logistic regression was used
to estimate odds ratios (ORs) with 95% CIs of hospitalization
for hypoglycemia, comparing tramadol use with codeine use.
We also conducted 2 secondary analyses. The first assessed the
association with tramadol use, categorized according to tim-
ing of the first prescription before the index date (≤30 days and
>30 days). The second assessed whether the presence of an-
tidiabetic drug use at baseline modified the association be-
tween tramadol use and hospitalization for hypoglycemia. For
this analysis, effect modification was assessed by including an
interaction term between exposure status and the antidia-
betic drug covariate. In addition to the matching factors (age,
sex, and duration of follow-up) on which the logistic regres-
sion was conditioned, the models were adjusted for the afore-
mentioned potential baseline confounders.

We conducted 3 sensitivity analyses to ascertain the ro-
bustness of the findings of the nested case-control analysis.
In the first, the accuracy of the outcome definition was as-
sessed by restricting the events to those coded in primary po-
sition. In the second and third analyses, we assessed whether
hospitalizations for any cause in the 30 days before the index
date, and surgical procedures in the 90 days before the index
date, were effect modifiers. Effect modification was assessed
by including interaction terms in the model.

Secondary Analysis: Cohort Approach Among First-Time Users
By design, the nested case-control analysis may have in-
cluded reinitiators of tramadol and codeine use—patients who
may have used these agents in the past but did not experi-
ence hypoglycemia. The inclusion of such “survivors” may lead
to an overall underestimation of the risk through the deple-
tion of susceptibles phenomenon.18 Furthermore, because of
the relatively long follow-up, adjustment for baseline covari-
ates may introduce residual confounding given that they may
no longer optimally predict future exposure and outcome.
Thus, to address these concerns, we conducted a cohort analy-
sis restricted to first-time tramadol and codeine users (ie, pa-
tients identified at cohort entry). These patients were ob-
served for a maximum of 30 days or until a hospitalization for
hypoglycemia (as defined in the Methods), a hospitalization
unrelated to hypoglycemia, death from any cause, end of reg-
istration with the general practice, or end of the study period
(March 31, 2012), whichever occurred first.

Kaplan-Meier curves were plotted to compare the cumu-
lative incidence of hospitalization for hypoglycemia of trama-
dol use with that of codeine use up to 30 days after treatment
initiation. Cox proportional hazards models were used to es-
timate crude and adjusted hazard ratios with 95% CIs of hos-
pitalization for hypoglycemia associated with tramadol use
compared with codeine. The model was adjusted for high-
dimensional propensity score (HD-PS) quartiles,19 which were
calculated using multivariate logistic regression analysis as the
probability of being exposed to tramadol vs codeine, condi-
tional on the aforementioned 41 predefined baseline covari-
ates and 500 empirically defined covariates from 7 data di-
mensions (additional information on this approach is provided
in eMethods 1 in the Supplement). Overall, there was excel-
lent overlap between the propensity score distributions, with
a c-statistic of 0.69. The proportionality assumption of the
Cox model was met and ascertained on the basis of Schoen-
feld residuals.

Secondary Analysis: Case-Crossover Approach
As a means to address residual confounding, we also con-
ducted a case-crossover analysis in which cases serve as their
own controls. This method implicitly controls for all known
and unknown time-independent confounders and can be used
to investigate associations between transient exposures and
acute outcome events.20

In this analysis, we used the same cases that were identified
for the nested case-control approach. For each of these cases, we
subdivided the year prior to the index date into 12 consecutive
30-day periods, with a risk period immediately prior to the in-
dex date, and 11 control periods (eFigure 1 in the Supplement).
Thus, exposure to tramadol in the 30-day risk period prior to the
hospitalization for hypoglycemia was compared with that of the
11 previous consecutive 30-day control periods. Because trama-
dol can be used over the long term by some patients (which can
affect the precision of the point estimate by affecting the num-
ber of discordant pairs on which the analysis is based), the case
series was restricted to those with fewer than 6 exposed control
periods, an exposure distribution that corresponds more closely
to a transient exposure.21
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We conducted an additional analysis to assess whether tra-
madol use is associated with an increased risk of fatal hypo-
glycemia, defined as an in-hospital death following a hypo-
glycemia-related hospitalization. For this analysis, the cases
with such in-hospital deaths were similarly restricted to those
who transiently used tramadol (<6 exposed control periods).
For both hypoglycemia hospitalization and fatal hypoglyce-
mia, conditional logistic regression analysis was used to esti-
mate ORs with 95% CIs comparing exposure in a 30-day risk
period immediately before the hospitalization for hypoglyce-
mia with that of 11 previous 30-day consecutive control peri-
ods. Overall, there was no evidence of an exposure time-
trend in the year before the event date, thus satisfying one of
the key assumptions of this approach (additional informa-
tion regarding the assessment of the exposure time-trend can
be found in eMethods 2 in the Supplement).22 All analyses
described here were performed using SAS, version 9.3 (SAS
Institute Inc).

Results
A total of 334 034 patients met the study cohort inclusion cri-
teria, which included 28 110 and 305 924 new users of trama-
dol and codeine, respectively (eFigure 2 in the Supplement). The
use of tramadol increased more than 8-fold during the study pe-
riod, from 25 334 prescriptions in 1999 to 215 709 prescriptions
in 2011 (Figure 1). Overall, tramadol and codeine users were simi-
lar with respect to age, sex, comorbidities, and prescription drug
use, including antidiabetic drugs. In contrast, tramadol users
were more likely to have undergone surgery in the 90 days be-
fore cohort entry (eTable 2 in the Supplement).

Primary Analysis: Nested Case-Control Approach
During a mean follow-up of 5.0 years, generating 1 680 000 per-
son-years, there were a total 1105 cases of hospitalization for
hypoglycemia (crude incidence, 0.7 [95% CI, 0.6-0.7] per 1000
person-years) in the entire cohort. Of these, 112 (10.1%) were
fatal. Table 1 presents the baseline characteristics of the 1105

cases and 11 019 matched controls. Compared with matched
controls, cases were less likely to have ever smoked, but more
likely to be obese and less healthy, in terms of comorbidities
and prescription drug use.

Table 2 presents the results of the primary nested case-
control approach. Compared with codeine use, tramadol use
was associated with a 52% increased risk of hospitalization for
hypoglycemia (adjusted OR, 1.52 [95% CI, 1.09-2.10]). In a sec-
ondary analysis, the risk was highest in patients who initi-
ated the treatment within 30 days of the index date (adjusted
OR, 2.61 [95% CI, 1.61-4.23]), whereas the OR was closer to the
null in users who initiated the treatment more than 30 days
before the index date (adjusted OR, 1.17 [95% CI, 0.78-1.75]).
Finally, the presence of antidiabetic drug use modified the as-
sociation between tramadol use and hypoglycemia. Specifi-
cally, the OR was higher in nonusers than in users of antidia-
betic drugs (adjusted OR, 2.12 [95% CI, 1.18-3.79] vs 1.11 [95%
CI, 0.76-1.64], respectively; P for interaction = .02).

There were 507 cases with a hospitalization for hypogly-
cemia coded in primary position. Restricting the analysis to
these cases and their matched controls led to an increase in
the OR compared with the primary analysis (adjusted OR, 2.15
[95% CI, 1.33-3.48]). The presence of hospitalizations in the 30
days before the index date did not statistically modify the as-
sociation, although the OR was higher among patients with no
hospitalizations (no hospitalizations: adjusted OR, 1.73 [95%
CI, 1.15-2.61] vs hospitalization: adjusted OR, 0.98 [95% CI, 0.57-
1.68]; P for interaction = .19). Similarly, there was no statisti-
cally significant effect modification by surgical procedures in
the 90 days before the index date, although the OR was higher
among those with no surgical procedures (no surgical proce-
dures: adjusted OR, 1.66 [95% CI, 1.03-2.67] vs surgical proce-
dures: adjusted OR, 1.11 [95% CI, 0.71-1.73]; P for interac-
tion = .14).

Secondary Analysis: Cohort Approach
Among First-Time Users
Overall, tramadol use was associated with a higher cumula-
tive incidence of hospitalization for hypoglycemia than co-

Figure 1. Prescribing Trends of Tramadol Hydrochloride in the United Kingdom Clinical Practice Research
Datalink Between 1999 and 2011
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Table 1. Baseline Characteristics of Cases Hospitalized for Hypoglycemia and Matched Controls
of the Primary Nested Case-Control Approach

Baseline Characteristic
Cases

(n = 1105)
Controls

(n = 11 019)
Male sex, No. (%)a 534 (48.3) 5326 (48.3)

Age, mean (SD), ya 65.0 (17.0) 65.0 (16.9)

Body mass index, No. (%)b

<18.5 39 (3.5) 216 (2.0)

18.6-25.9 302 (27.3) 3490 (31.7)

26.0-29.9 366 (33.1) 4099 (37.2)

≥30.0 345 (31.2) 2417 (21.9)

Unknown 53 (4.8) 797 (7.2)

Smoking status, No. (%)

Ever 428 (38.7) 5078 (46.1)

Never 609 (55.1) 4907 (44.5)

Unknown 68 (6.2) 1034 (9.4)

Excessive alcohol use, No. (%) 101 (9.1) 586 (5.3)

No. of general practice visits, mean (SD)c 16.6 (21.5) 19.4 (25.1)

No. of hospitalizations, mean (SD)c 0.2 (0.7) 0.4 (1.1)

No. of prescription drugs, mean (SD)d 6.2 (4.2) 7.1 (4.9)

Comorbidities, No. (%)

Liver disease 102 (9.2) 550 (5.0)

Pancreatic disease 34 (3.1) 69 (0.6)

Chronic kidney disease 102 (9.2) 259 (2.4)

Gastric surgery …e …e

Endocrine-related conditions …e …e

Prescription drugs, No. (%)d

Propoxyphene hydrochloride 168 (15.2) 1347 (12.2)

Other opioid analgesics 10 (0.9) 55 (0.5)

Aspirin 382 (34.6) 2057 (18.7)

Nonsteroidal anti-inflammatory drugs 154 (13.9) 1806 (16.4)

Antidepressants

Selective serotonin reuptake inhibitors 78 (7.1) 517 (4.7)

Serotonin norepinephrine reuptake inhibitors 19 (1.7) 50 (0.5)

Other antidepressants 102 (9.2) 594 (5.4)

Antipsychotics 47 (4.3) 301 (2.7)

Antiepileptics 47 (4.3) 217 (2.0)

Antihypertensive drugs, No. (%)

β-Blockers 164 (14.8) 1401 (12.7)

Angiotensin-converting enzyme inhibitors 355 (32.1) 1528 (13.9)

Angiotensin receptor blockers 116 (10.5) 418 (3.8)

Calcium channel blockers 259 (23.4) 1503 (13.6)

Diuretics 151 (13.7) 1508 (13.7)

Other antihypertensive drugs 13 (1.2) 32 (0.3)

Antibiotics, No. (%)

Fluoroquinolones 17 (1.5) 103 (0.9)

Co-trimoxazole 28 (2.5) 224 (2.0)

Other antibiotics and combinations 262 (23.7) 1892 (17.2)

Antidiabetic drugs, No. (%)

Insulins 382 (34.6) 142 (1.3)

Metformin 304 (27.5) 374 (3.4)

Sulfonylureas 318 (28.8) 295 (2.7)

Thiazolidinediones 41 (3.7) 53 (0.5)

Other antidiabetic drugs 25 (2.3) 18 (0.2)

(continued)
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deine use in the first 30 days after treatment initiation (log rank
P < .001) (Figure 2). The crude incidences of hospitalization for
hypoglycemia were 3.0 (95% CI, 1.3-6.0) and 0.7 (95% CI, 0.4-
1.1) per 10 000 person-months in tramadol and codeine us-
ers, respectively. In the HD-PS–adjusted model, the initiation
of tramadol use was associated with a more than 3-fold in-

creased risk of hospitalization for hypoglycemia, compared
with codeine use (HD-PS–adjusted HR, 3.60 [95% CI, 1.56-
8.34]) (eTable 3 in the Supplement).

Secondary Analysis: Case-Crossover Approach
Among the 1105 cases hospitalized for hypoglycemia during
the study period, 176 had received at least 1 prescription in the
year before the index date, 141 (80.1%) of whom used trama-
dol transiently (eFigure 3 in the Supplement). Overall, tran-
sient tramadol use was associated with an increased risk of hos-
pitalization for hypoglycemia (exposed risk vs control periods:
36.9% vs 13.2%; OR, 3.80 [95% CI, 2.64-5.47]). Transient tra-
madol use was also associated with an increased risk of fatal
hypoglycemia (exposed risk vs control periods: 43.8% vs 9.7%;
OR, 6.21 [95% CI, 2.23-17.26]).

Discussion
To our knowledge, this is the first epidemiological study in-
vestigating the association between tramadol use and hospi-
talization for hypoglycemia. We found that tramadol use is
associated with an increased risk of hospitalization for hypo-
glycemia, with the risk highest around the time of treatment
initiation. These results were corroborated in cohort and case-
crossover analyses, which also associated tramadol use

Table 2. Crude and Adjusted Odds Ratios of Hospitalization for Hypoglycemia Comparing Use of Tramadol With Codeine in the Primary Nested
Case-Control Approach

Usea

No. (%)

Crude ORb Adjusted OR (95% CI)c
Cases

(n = 1105)
Controls

(n = 11 019)
Codeine 192 (17.4) 1454 (13.2) 1.00 1 [Reference]

Tramadol hydrochloride 48 (4.3) 151 (1.4) 2.07 1.52 (1.09-2.10)

Time since first tramadol prescription, dd

≤30 19 (1.7) 32 (0.3) 3.20 2.61 (1.61-4.23)

>30 29 (2.6) 119 (1.1) 1.68 1.17 (0.78-1.75)

Abbreviation: OR, odds ratio.
a Codeine use was defined by a first prescription in the 30 days before index

date, with no prior prescription of codeine or tramadol in the year before index
date. Tramadol use was defined by a prescription in the 30 days before index
date, which may have included other tramadol prescriptions, but no codeine
prescriptions in the year before index date. Another category consisting of
other patterns and combinations (concomitant use of tramadol and codeine,
previous use of either tramadol or codeine in the year before index date, and

no use of either medication in the year before index date) is not displayed in
the table but was considered in the regression model for proper estimation of
treatment effects (representing 865 cases and 9414 controls).

b Cases and controls were matched on age, sex, and duration of follow-up.
c Adjusted for the variables listed in Table 1.
d Among tramadol users.

Figure 2. Cumulative Incidence of Hospitalization for Hypoglycemia
in Patients Newly Treated With Tramadol Hydrochloride and Codeine
in the First 30 Days After Treatment Initiation
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Table 1. Baseline Characteristics of Cases Hospitalized for Hypoglycemia and Matched Controls
of the Primary Nested Case-Control Approach (continued)

Baseline Characteristic
Cases

(n = 1105)
Controls

(n = 11 019)
Type of pain and pain-related events, No. (%)d

Headache 46 (4.2) 432 (3.9)

Neuralgia 16 (1.5) 78 (0.7)

Abdominal and pelvic pain 84 (7.6) 633 (5.7)

Musculoskeletal pain 343 (31.0) 3790 (34.4)

Other pain 100 (9.0) 909 (8.3)

Injury and/or trauma 82 (7.4) 704 (6.4)

Surgery 185 (16.7) 1354 (12.3)

a Cases and controls were matched
on these variables, along with
duration of follow-up.

b Calculated as weight in kilograms
divided by height in meters
squared.

c Measured in the year before cohort
entry.

d Measured in the 90 days before
cohort entry.

e Cells with fewer than 5 events are
not displayed, in accordance with
confidentiality policies of the
Clinical Practice Research Datalink.
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with a more than 3-fold increased risk of hospitalization for
hypoglycemia. Overall, these results remained robust in sev-
eral secondary analyses, including among patients not using
any antidiabetic drugs, as well as in sensitivity analyses.

The findings of this study confirm the reported signals of
tramadol therapy potentially increasing the risk of hospital-
ization for hypoglycemia. Three recent case reports have
described tramadol-induced hypoglycemia, which included
patients with and without diabetes using the drug at the rec-
ommended doses.3,5,6 Hospitalization for hypoglycemia has
also been reported in a woman with intentional tramadol
overdose.7 An in-depth analysis of spontaneous reports
from a French pharmacovigilance database identified 43
tramadol-associated hypoglycemia cases between 1997 and
2010.8 Most of these events occurred soon after initiation of
tramadol therapy (77% within 10 days of treatment) and
were more frequent in the elderly. Overall, our findings cor-
roborate these signals because the increased risk seemed to
be limited to the first 30 days of use and remained statisti-
cally significant in patients with no history of treated diabe-
tes. The rarity of this outcome, approximately 7 per 10 000
per year, may explain why it was not observed in random-
ized clinical trials, which were underpowered to detect such
events (a total of 1019 and 1378 tramadol-treated patients in
osteoarthritis and lower back pain randomized clinical trials,
respectively).23,24

The association between tramadol use and hypoglyce-
mia is biologically plausible and may relate to its pharmaco-
dynamic properties. Tramadol mainly acts through 2 mecha-
nisms: the activation of μ opioid receptors and the inhibition
of central serotonin and norepinephrine reuptake.13 Seroto-
nin pathways are known to have complex effects on periph-
eral glucose regulation,25 with animal studies reporting that
serotonin induces low glucose levels in diabetic mice and
rats.26,27 Moreover, use of antidepressants such as those act-
ing through serotonin and norepinephrine reuptake inhibi-
tion has been previously associated with an increased risk of
hypoglycemia.28,29 In addition to its effects on serotonin path-
ways, the activation of μ opioid receptors by tramadol may also
increase the risk of hypoglycemia. In rats with streptozotocin-
induced diabetes, a dose-dependent glucose-lowering effect
was observed with tramadol.30 This effect persisted when these
rats were depleted in serotonin with p-chlorophenylalanine,
suggesting a serotonin-independent effect. Furthermore, this
effect was weaker in rats previously treated with naloxone hy-
drochloride (a μ opioid receptor agonist), suggesting a strong
implication of the μ pathways.30 Given the novelty of this as-

sociation, these hypotheses remain speculative and will re-
quire additional investigation.

This study has several strengths. First, we assembled a large
population-based cohort of patients initiating tramadol or co-
deine therapy. Second, the use of the CPRD and HES data-
bases allowed us to control for a large number of potential con-
founders. Third, the use of a new-user design eliminated biases
related to the inclusion of prevalent users.31 Fourth, confound-
ing by indication was likely minimized by using codeine
therapy as an active comparator. Indeed, tramadol and co-
deine users were similar on nearly all baseline potential con-
founders, likely owing to the fact that both agents have simi-
lar indications. Finally, we observed consistent results with the
cohort and case-crossover approaches, which addressed con-
cerns related to possible residual confounding.

This study has some limitations. First, CPRD prescriptions
represent those written by general practitioners, and thus treat-
ment adherence is unknown, although this misclassification
tends to bias the point estimates toward the null hypothesis. Sec-
ond, to our knowledge, HES-defined hypoglycemia has not been
formally validated, although it has been used as an outcome in
a previous unrelated study.32 However, similar results were ob-
tained after the case definition was limited to those diagnoses
in primary position. Third, because of the observational na-
ture of the study, residual confounding needs to be consid-
ered. Reassuringly, we observed consistent results using differ-
ent study design and analytic approaches (such as cohort
analysis adjusted for HD-PS quartiles and case-crossover analy-
sis). Moreover, it is important to note that, given the strong ob-
served associations (point estimates ranging between 1.52 and
3.80), any unmeasured or unknown confounder would need to
be strongly associated with both the exposure and outcome to
completely confound the observed association. It is unclear
whether such a confounder exists beyond those considered in
the models. Finally, despite the large sample size, the rarity of
the outcome led to wide confidence intervals in secondary analy-
ses, and thus these should be interpreted with caution.

Conclusions
The initiation of tramadol use was significantly associated with
a more than 2-fold increased risk of hospitalization for hypo-
glycemia, when compared with codeine use. Although rare,
tramadol-induced hypoglycemia is a potentially fatal ad-
verse event. The clinical significance of these novel findings
requires additional investigation.
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