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Abstract

Aims

Tramadol, a widely used analgesic drug, inhibits the reuptake of noradrenaline and seroto-

nin impairing the aggregation function of thrombocytes. However, the risk for severe bleed-

ing has previously not been studied. The aim of the present study is to investigate the

association between tramadol and bleeding peptic ulcer in the Swedish population.

Methods

In this register based case–control study based on the Swedish national patient registry and

prescription drug registry, we included 18 306 patients hospitalized with a first-time diagno-

sis of bleeding peptic ulcer. For every case, 4 matched controls were included. To investi-

gate the temporal aspects of tramadol induced bleeding ulcer, exposure was divided into

patients with newly initiated and ongoing treatment. To explore a possible confounding by

indication, the effect of codeine, a drug also prescribed for the treatment of moderate pain,

but not known to affect thrombocyte function, was investigated. Univariable and multivari-

able logistic regression was used to analyse the association between tramadol use and

bleeding ulcer.

Results

Tramadol was associated with an increased risk of bleeding ulcer (adjusted odds ratio

(aOR) 2.1, 95% confidence interval: (2.0–2.3). The association was stronger for newly initi-

ated treatment with tramadol 2.8 (2.5–3.2) and weaker for ongoing treatment 1.7 (1.6–1.9).

Codeine was also associated with an increased risk of bleeding ulcer 1.9 (1.7–2.1) and this

association was also stronger for newly initiated treatment with codeine 2.3 (2.0–2.6) and

weaker for ongoing treatment 1.7 (1.5–1.9).
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Södersjukhuset, Karolinska Institute (per.

http://orcid.org/0000-0002-7674-3711
https://doi.org/10.1371/journal.pone.0215356
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0215356&domain=pdf&date_stamp=2019-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0215356&domain=pdf&date_stamp=2019-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0215356&domain=pdf&date_stamp=2019-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0215356&domain=pdf&date_stamp=2019-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0215356&domain=pdf&date_stamp=2019-04-17
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0215356&domain=pdf&date_stamp=2019-04-17
https://doi.org/10.1371/journal.pone.0215356
https://doi.org/10.1371/journal.pone.0215356
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
mailto:per.tornvall@ki.se


Conclusion

Treatment with tramadol was associated with an increased risk of bleeding peptic ulcer.

Most of this association may be mediated by factors related to the pain condition rather than

the pharmacologic effect per se.

Introduction

About 10% of the Western world population will experience peptic ulcer at some point in their

lives [1–4]. Bleeding peptic ulcer is associated with a substantial morbidity in terms of

impaired quality of life, and cost for employers and health care systems [5]. The overall mortal-

ity rate is approximately 10% [6] and does not seem to decrease despite the introduction of

endoscopic therapy [7]. After infection with Helicobacter pylori, drugs are the most common

cause [8, 9], a problem that is likely to have increased during the last decades. According to a

Swedish study, investigating drug dispensing from 2005 to 2008, the proportion of the popula-

tion dispensed�5 drugs increased by 8.2%. The proportion of individuals exposed for exces-

sive polypharmacy (�10 drugs) increased even more [10]. Selective serotonin reuptake

inhibitors (SSRIs) have been associated with bleeding peptic ulcer on the basis of thrombocyte

inhibition [11]. Tramadol, a widely used analgesic drug also inhibits the reuptake of noradren-

aline and serotonin, impairing the aggregation function of thrombocytes in a similar way,

which in turn, may increase the risk for gastrointestinal bleeding [12]. However, evidence is

lacking. The aim of the present study was to investigate the association between tramadol and

bleeding ulcer in the Swedish population.

Material and methods

Study design and data sources

This case-control study used data from nationwide Swedish registries which were linked using

the unique personal identification number assigned to all Swedish residents at birth or on a

residence permit. Information from the National Patient Registry (NPR) [13, 14] was cross-

linked with the Total Population Register (TPR) [15] and the Prescribed Drug Register (PDR)

[16]. The NPR contains diagnostics codes on hospital inpatient care since 1987 and hospital

outpatient care from 2001 onwards. The PDR contains information regarding drug dispensa-

tion in the entire Swedish population since 1 July 2005.

We classified the drugs by their ATC codes in the PDR register and diagnoses either as

main or secondary diagnosis by their International Classification of Diseases (ICD-10 after

1996 and ICD-9 between 1987 and 1996) or ATC (Table 1). All diagnoses used for adjustment

purposes were retrieved from both in- and outpatients from 1987 for both cases and controls.

The diagnosis reflecting the outcome i.e. bleeding peptic ulcer were only searched among the

inpatients during the study period.

The study was approved by the Regional Ethics Committee (Karolinska Institute, file

record:13/3:7)

Participants

Cases—With bleeding peptic ulcer. We defined the index date for the cases as the first

time a patient occurred in the inpatient Swedish NPR between 1 July 2005 and 31 Dec 2012

due to a bleeding peptic ulcer either as main or secondary diagnosis. Individuals 18 years or
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older at the index date were eligible and patients with bleeding ulcer before 1 July 2005 were

excluded. We then linked the cases to the NPR to receive diagnoses and to PDR to receive pre-

scribed drugs.

Controls—Without bleeding peptic ulcer. For each case, we randomly selected 4 con-

trols from the TPR register matched by gender and age within 2 years. Each control was only

matched to one case and was not allowed to have had any previous documentation of bleeding

ulcer. We then linked the controls to the NPR and PDR in the same way as for the cases.

Exposures

We defined drug exposure as dispensing 90 days before the index date. The choice of 90 days

was based on the Swedish regulation that most patient on long-term chronic treatment repeat

Table 1. Definition of all variables included in the study.

Variables Definition

Outcome drug

Tramadol ATC code beginning with: N02AX02

Control drug

Codeine ATC code beginning with: N02AA59, N02BE51, R05DA04,

N02AA59, N02AJ06, N02AJ07, N02AJ08, N02AJ09, N02BE51

Drug name including “CITODON” or “PARACETAMOL/

CODEINE”

Drugs used to adjust the associations of the

outcome and control drug

One of the following ATC-codes beginning with:

Heparin B01AB

NSAID M01A, excluding M01AX05 and M01AH

Cox-2 inhibitors M01AH

Acetylsalicylic acid (ASA) B01AC06

Thrombocyte aggregation inhibiting agents B01AC excluding B01AC06

Combinations including ASA N02BA

Direct acting thrombocyte inhibiting agents B01AE03, B01AE06, B01AE07, B01AF01, B01AF02

Other antithrombotic agents B01AX

Warfarin B01AA03

Corticosteroids H02AB

Gastroprotective agents (GPA) A02BA, A02BB, A02BC, A02BX

Selective serotonin reuptake inhibitors (SSRI) N06AB, N06AX16, N06AX21, N06AA04

Diseases used to adjust the associations of

the outcome and control drug

One of the following ICD-9 and ICD 10 codes beginning with:

Bleeding peptic ulcer K250, K252, K254, K256, K260, K262, K264, KK266, K270, K272,

K274, K276

Congestive heart failure I500, I501, I509, 428A, 428B

Malignant disease C000-C999, 140–209, 235–239

Chronic renal disease N18, 585, 403

Liver disease / Cirrhosis I982, I983, K701, K703, K704, K717, K721, K766, K767, 456B,

456C, 571C, 571D, 571F, 572D, 572E, 572W

One of the following ATC- and ICD-codes, each beginning with:

Chronic obstructive pulmonary disease ATC-code: R03BB04

ICD-9 and 10 codes: J44, 491C, 491W, 492, 496

Diabetes ATC-code: A10

ICD-9 and 10 codes: E100 -E149, 250

Alcoholism ATC-codes: N07BB01, N07BB03, N07BB04, N07BB05

ICD-9 and 10 codes: F10, 303, 291

https://doi.org/10.1371/journal.pone.0215356.t001
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their drug-dispensing every third month and on clinical experience. To investigate the tempo-

ral aspect of tramadol induced bleeding ulcer, exposure was divided into patients with newly

initiated and ongoing treatment. Individuals with newly initiated drugs were those dispensed

drugs within 90 days from index date but had not been dispensed such agents during the previ-

ous year (91–454 days before the index date). Individuals with repeated dispensations were the

remaining group of patients that also received the drug 91–454 days from index date. To

address a possible confounding by indication, the effect of codeine, a drug also prescribed for

the treatment of moderate pain, but not known to affect thrombocyte function, was investi-

gated in the same way as tramadol.

Statistical methods

We used conditional logistic regression to study the associations between tramadol and

codeine and the risk of bleeding ulcer and to adjust the associations for differences regarding

drugs and diseases between the cases and controls. Our model strategy was as follows: Firstly,

we studied the unadjusted associations between bleeding ulcer and tramadol in univariable

analysis (Fig 1: 1a Crude, 1b adjusted). To investigate the temporal effect of tramadol we inves-

tigated the associations after separating newly initiated drug treatment and ongoing treatment

(2a Crude). Secondly, to adjust the association for drugs and diagnoses we added the variables

in Table 1 in a multivariable analysis (2b adjusted). All univariable and multivariable analyses

Fig 1. Associations between tramadol and bleeding peptic ulcers. Adjusted oddsratios (aOR) are adjusted for drugs

and diagnoses in Table 2. The crude associations (1a and 2a) are higher compared with the adjusted associations (1b

and 2b) for both definitions of prescription of tramadol (1a and 1b vs 2a and 2b). Newly prescription of tramadol

(within 90 days and no treatment 91–454 days before) has the highest association with bleeding peptic ulcer (2a vs 1a

and 2b vs 1b).

https://doi.org/10.1371/journal.pone.0215356.g001
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were adjusted for age, sex and time through the case-control matched design of the study.

Results are presented as odds ratios (OR) and 95% confidence intervals (CIs) (Figs 1 and 2).

All analyses were done in IBM SPSS version 23 and figures in R version 3.3.0, conditional

logistic regressions were done using the cox regression procedure.

Results

Over the study period, 18 306 individuals 18 years of age or older were hospitalized due to a

first-ever entry of an ICD-10 code of bleeding peptic ulcer in Sweden. For every case, 4

matched controls were included (n = 72 550).

Mean (SD) age was 72 (15) years, 56.8% were males. Table 2 shows medical characteristics

and treatments among the study population at index date. Overall, individuals with bleeding

peptic ulcer had more diseases and dispensed more drugs compared with the controls without

ulcer. The most commonly occurring drugs in both groups were acetylsalicylic acid, GPA and

NSAID, while the most common diagnoses were malignant diseases and diabetes.

Among the bleeding ulcer cases, 8.7% had been dispensed tramadol, of which 4.6 percent-

age units had an ongoing treatment and 4.1 percentage units were newly commencing treat-

ment. Among the controls, only 2.8% had been dispensed tramadol. Of these 1.8 percentage

units had ongoing and 1.0 percentage units had a newly initiated treatment (Fig 1). Tramadol

Fig 2. Associations between codeine and bleeding peptic ulcers. Adjusted oddsratios (aOR) are adjusted for drugs

and diagnoses in Table 2. The crude associations (1a and 2a) are higher compared with the adjusted associations (1b

and 2b) for both definitions of prescription of codeine (1a and 1b vs 2a and 2b). Newly prescriptions of codeine

(within 90 days and no treatment 91–454 days before) has the highest association with bleeding peptic ulcer (2a vs 1a

and 2b vs 1b).

https://doi.org/10.1371/journal.pone.0215356.g002
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was associated with bleeding ulcer (aOR 2.1, 95% CI: 2.0 to 2.3). For cases with newly dis-

pensed tramadol treatment this association was stronger 2.8 (2.5 to 3.2) while it was weaker

among cases with ongoing treatment 1.7 (1.6 to 1.9).

Codeine was also associated with bleeding ulcer (aOR 1.9, 95% CI: 1.7 to 2.1). The associa-

tions for newly initiated treatment 2.3 (2.0 to 2.6) and ongoing treatment 1.7 (1.5 to 1.9) with

codeine were similar as for tramadol (Fig 2).

Discussion

To our knowledge, this is the first study that investigates the associations between tramadol

and bleeding peptic ulcer. Tramadol utilization was associated with a two-fold increased risk

of bleeding ulcer in the Swedish adult population. The strength of this association among

patients with newly initiated tramadol was higher compared with patients with ongoing treat-

ment (aOR 2.8 vs 1.7).

The most important strength is the uniform health system in Sweden that enables the com-

bining of nationwide complete registries to control for potential confounders. The study also

has potential weaknesses. Most importantly, the observational case-control design makes it

hard to control for confounding by indication. Although we did control for a large array of dis-

eases and concomitant drugs there is always the risk of residual confounding. One such source

is over the counter drugs, for example NSAIDs that are not registered in the prescribed drug

register. Aiming to control for this, we used codeine as a comparator drug. Codeine is also

used for the treatment of moderate pain but lacks the propensity to increase the risk of

Table 2. Medical characteristics and type of treatment among cases and controls at index date included in the adjusted logistic regression analysis.

Drugs� No bleeding peptic ulcer

Controls (n = 72 550)

Bleeding peptic ulcer

Cases (n = 18 306)

Number (%) Number (%)

Heparin 484 0.7% 622 3.4%

NSAID 4322 6.0% 3396 18.6%

COX-2 inhibitors 266 0.4% 226 1.2%

Acetylsalicylic acid (ASA) 15783 21.8% 6196 33.8%

Thrombocyte aggregation inhibiting agents 1860 2.6% 1041 5.7%

Combination including aspirin 215 0.3% 194 1.1%

Direct acting thrombocyte inhibiting agents 11 0.0% 21 0.1%

Other antithrombotic agents 1 0.0% 4 0.0%

Warfarin 3365 4.6% 1274 7.0%

Corticosteroids 2650 3.7% 1629 8.9%

Gastroprotective agents (GPA) 7529 10.4% 3066 16.7%

SSRI 5388 7.4% 2119 11.6%

Diagnoses��

Congestive heart failure 5640 7.8% 2989 16.3%

Malignant disease 11570 15.9% 3804 20.8%

Chronic renal disease 885 1.2% 802 4.4%

Liver disease / Cirrhosis 81 0.1% 374 2.0%

Chronic obstructive pulmonary disease 3049 4.2% 1524 8.3%

Diabetes 8220 11.3% 3358 18.3%

Alcoholism 1424 2.0% 1499 8.2%

�Drugs dispensed 90 days before index date

��Diagnoses ever before index date.

https://doi.org/10.1371/journal.pone.0215356.t002
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bleeding. Codeine is a prodrug and its pharmacological effect is dependent on O-demethyla-

tion to morphine [17]. Thus, there is no pharmacological basis for an increased risk for gastro-

intestinal bleeding. The association between codeine and bleeding ulcer seen in the present

study suggest that the associations with bleeding ulcer may mostly be attributed to factors

related to the pain condition rather than to respective substance per se. Although adjusting for

most different drug groups and diagnoses that may associate with bleeding ulcer a certain

degree of residual confounding cannot be excluded [18].

Tramadol, inhibits the reuptake of noradrenaline and serotonin impairing the aggregation

function of thrombocytes which, in turn, may increase the risk for gastrointestinal bleeding

[12]. Studies on the clinical effects of tramadol in this regard have up to now been lacking.

However, SSRIs, are a group of drugs widely used for the treatment of depression and anxiety,

and affect trombocytes in a similar fashion. The risk attributed by SSRIs for the development

of gastrointestinal bleeding is well documented with an effect size comparable to the results of

that of tramadol indicated in the present study. Thus, using a case control design, De Abajo

et al. showed that newly initiated SSRIs increased the odds for gastrointestinal bleeding three-

fold (OR 3). A Danish cohort study received similar results. Antidepressants that did not affect

serotonin, were not associated with bleeding [19, 20].

The risk to be dispensed codeine was also almost two-fold (aOR 1.9) which indicates an

increased risk associated with analgesics in general. In addition, for both tramadol and

codeine, the risk among individuals with newly initiated drugs as compared to those with

ongoing treatment was higher (OR 2.8 vs 1.7 and 2.3 vs 1.7 respectively). This discrepancy,

with an increased risk for adverse effects seems plausible in the beginning of a new drug treat-

ment and may support an effect attributed to the initiated substance per se [21]. An alternative

explanation may be that the difference is due to imbalances between the two groups of patients

regarding factors of importance for the development of gastrointestinal bleeding, i.e. con-

founding by indication. In essence, a novel need for analgesics, as opposed to a prolonged

need, may be due to factors associated with bleeding.

Tramadol is a widely used drug, prescribed to approximately 2% of the Swedish population

each year [22]. The described associations, regardless of underlying cause, may therefore have

important clinical implications warranting vigilance concerning patients treated with

tramadol.

In conclusion, treatment with tramadol was associated with an increased risk of bleeding

peptic ulcer. Most of this association may be mediated by factors related to the pain condition

rather than the pharmacologic effect per se.
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cal Science and Education at Södersjukhuset and the Department of Clinical Pharmacology,

Karolinska University Hospital.

Author Contributions

Conceptualization: Hans Järnbert-Pettersson, Marine L. Andersson, Katarina Bilén, Olle

Broström, Jonatan D. Lindh, Buster Mannheimer.

Data curation: Hans Järnbert-Pettersson, Buster Mannheimer.

Formal analysis: Hans Järnbert-Pettersson, Buster Mannheimer.

Methodology: Hans Järnbert-Pettersson, Marine L. Andersson, Katarina Bilén, Olle Broström,

Jonatan D. Lindh, Buster Mannheimer.

Association between tramadol and bleeding peptic ulcer

PLOS ONE | https://doi.org/10.1371/journal.pone.0215356 April 17, 2019 7 / 9

https://doi.org/10.1371/journal.pone.0215356


Writing – original draft: Hans Järnbert-Pettersson, Buster Mannheimer.

Writing – review & editing: Hans Järnbert-Pettersson, Marine L. Andersson, Katarina Bilén,

Olle Broström, Jonatan D. Lindh, Buster Mannheimer.

References
1. Rockall TA, Logan RF, Devlin HB, Northfield TC. Incidence of and mortality from acute upper gastroin-

testinal haemorrhage in the United Kingdom. Steering Committee and members of the National Audit of

Acute Upper Gastrointestinal Haemorrhage. Bmj. 1995; 311(6999):222–6. Epub 1995/07/22. PMID:

7627034; PubMed Central PMCID: PMCPmc2550278.

2. Ehlin AG, Montgomery SM, Ekbom A, Pounder RE, Wakefield AJ. Prevalence of gastrointestinal dis-

eases in two British national birth cohorts. Gut. 2003; 52(8):1117–21. Epub 2003/07/17. PMID:

12865268; PubMed Central PMCID: PMCPmc1773740.

3. Hein HO, Suadicani P, Gyntelberg F. Genetic markers for peptic ulcer. A study of 3387 men aged 54 to

74 years: the Copenhagen Male Study. Scandinavian journal of gastroenterology. 1997; 32(1):16–21.

Epub 1997/01/01. PMID: 9018761.

4. Ahsberg K, Ye W, Lu Y, Zheng Z, Stael von Holstein C. Hospitalisation of and mortality from bleeding

peptic ulcer in Sweden: a nationwide time-trend analysis. Aliment Pharmacol Ther. 2011; 33(5):578–84.

https://doi.org/10.1111/j.1365-2036.2010.04562.x PMID: 21210831.

5. Barkun A, Leontiadis G. Systematic review of the symptom burden, quality of life impairment and costs

associated with peptic ulcer disease. Am J Med. 2010; 123(4):358–66.e2. Epub 2010/04/07. https://doi.

org/10.1016/j.amjmed.2009.09.031 PMID: 20362756.

6. Kumar R, Mills AM. Gastrointestinal bleeding. Emergency medicine clinics of North America. 2011; 29

(2):239–52, viii. Epub 2011/04/26. https://doi.org/10.1016/j.emc.2011.01.003 PMID: 21515178.

7. van Leerdam ME, Vreeburg EM, Rauws EA, Geraedts AA, Tijssen JG, Reitsma JB, et al. Acute upper

GI bleeding: did anything change? Time trend analysis of incidence and outcome of acute upper GI

bleeding between 1993/1994 and 2000. Am J Gastroenterol. 2003; 98(7):1494–9. Epub 2003/07/23.

https://doi.org/10.1111/j.1572-0241.2003.07517.x PMID: 12873568.

8. Ahmed A, Stanley AJ. Acute upper gastrointestinal bleeding in the elderly: aetiology, diagnosis and

treatment. Drugs & aging. 2012; 29(12):933–40. Epub 2012/11/30. https://doi.org/10.1007/s40266-

012-0020-5 PMID: 23192436.

9. Lau JY, Sung J, Hill C, Henderson C, Howden CW, Metz DC. Systematic review of the epidemiology of

complicated peptic ulcer disease: incidence, recurrence, risk factors and mortality. Digestion. 2011; 84

(2):102–13. Epub 2011/04/16. https://doi.org/10.1159/000323958 PMID: 21494041.

10. Hovstadius B, Astrand B, Petersson G. Dispensed drugs and multiple medications in the Swedish popu-

lation: an individual-based register study. BMC clinical pharmacology. 2009; 9:11. Epub 2009/05/29.

https://doi.org/10.1186/1472-6904-9-11 PMID: 19473486; PubMed Central PMCID: PMCPmc2696422.

11. Anglin R, Yuan Y, Moayyedi P, Tse F, Armstrong D, Leontiadis GI. Risk of upper gastrointestinal bleed-

ing with selective serotonin reuptake inhibitors with or without concurrent nonsteroidal anti-inflammatory

use: a systematic review and meta-analysis. Am J Gastroenterol. 2014; 109(6):811–9. Epub 2014/04/

30. https://doi.org/10.1038/ajg.2014.82 PMID: 24777151.

12. Klotz U. Tramadol—the impact of its pharmacokinetic and pharmacodynamic properties on the clinical

management of pain. Arzneimittel-Forschung. 2003; 53(10):681–7. https://doi.org/10.1055/s-0031-

1299812 PMID: 14650359.

13. Ludvigsson JF, Andersson E, Ekbom A, Feychting M, Kim JL, Reuterwall C, et al. External review and

validation of the Swedish national inpatient register. BMC public health. 2011; 11:450. Epub 2011/06/

11. https://doi.org/10.1186/1471-2458-11-450 PMID: 21658213; PubMed Central PMCID:

PMCPMC3142234.

14. Swedish National Board of Health and Welfare. Quality and content in the Swedish Patient Register

http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish Accessed 6 mars,

2018.

15. Ludvigsson JF, Almqvist C, Bonamy AK, Ljung R, Michaelsson K, Neovius M, et al. Registers of the

Swedish total population and their use in medical research. European journal of epidemiology. 2016; 31

(2):125–36. Epub 2016/01/16. https://doi.org/10.1007/s10654-016-0117-y PMID: 26769609.

16. Wettermark B, Hammar N, Fored CM, Leimanis A, Otterblad Olausson P, Bergman U, et al. The new

Swedish Prescribed Drug Register—opportunities for pharmacoepidemiological research and

Association between tramadol and bleeding peptic ulcer

PLOS ONE | https://doi.org/10.1371/journal.pone.0215356 April 17, 2019 8 / 9

http://www.ncbi.nlm.nih.gov/pubmed/7627034
http://www.ncbi.nlm.nih.gov/pubmed/12865268
http://www.ncbi.nlm.nih.gov/pubmed/9018761
https://doi.org/10.1111/j.1365-2036.2010.04562.x
http://www.ncbi.nlm.nih.gov/pubmed/21210831
https://doi.org/10.1016/j.amjmed.2009.09.031
https://doi.org/10.1016/j.amjmed.2009.09.031
http://www.ncbi.nlm.nih.gov/pubmed/20362756
https://doi.org/10.1016/j.emc.2011.01.003
http://www.ncbi.nlm.nih.gov/pubmed/21515178
https://doi.org/10.1111/j.1572-0241.2003.07517.x
http://www.ncbi.nlm.nih.gov/pubmed/12873568
https://doi.org/10.1007/s40266-012-0020-5
https://doi.org/10.1007/s40266-012-0020-5
http://www.ncbi.nlm.nih.gov/pubmed/23192436
https://doi.org/10.1159/000323958
http://www.ncbi.nlm.nih.gov/pubmed/21494041
https://doi.org/10.1186/1472-6904-9-11
http://www.ncbi.nlm.nih.gov/pubmed/19473486
https://doi.org/10.1038/ajg.2014.82
http://www.ncbi.nlm.nih.gov/pubmed/24777151
https://doi.org/10.1055/s-0031-1299812
https://doi.org/10.1055/s-0031-1299812
http://www.ncbi.nlm.nih.gov/pubmed/14650359
https://doi.org/10.1186/1471-2458-11-450
http://www.ncbi.nlm.nih.gov/pubmed/21658213
http://www.socialstyrelsen.se/register/halsodataregister/patientregistret/inenglish
https://doi.org/10.1007/s10654-016-0117-y
http://www.ncbi.nlm.nih.gov/pubmed/26769609
https://doi.org/10.1371/journal.pone.0215356


experience from the first six months. Pharmacoepidemiology and drug safety. 2007; 16(7):726–35.

Epub 2006/08/10. https://doi.org/10.1002/pds.1294 PMID: 16897791.

17. Sindrup SH, Brosen K, Bjerring P, Arendt-Nielsen L, Larsen U, Angelo HR, et al. Codeine increases

pain thresholds to copper vapor laser stimuli in extensive but not poor metabolizers of sparteine. Clinical

pharmacology and therapeutics. 1990; 48(6):686–93. Epub 1990/12/01. PMID: 2249379.

18. Andersen IB, Jorgensen T, Bonnevie O, Gronbaek M, Sorensen TI. Smoking and alcohol intake as risk

factors for bleeding and perforated peptic ulcers: a population-based cohort study. Epidemiology (Cam-

bridge, Mass). 2000; 11(4):434–9. Epub 2000/06/30. PMID: 10874551.

19. de Abajo FJ, Rodriguez LA, Montero D. Association between selective serotonin reuptake inhibitors

and upper gastrointestinal bleeding: population based case-control study. BMJ. 1999; 319(7217):1106–

9. PMID: 10531103; PubMed Central PMCID: PMC28262.

20. Dalton SO, Johansen C, Mellemkjaer L, Norgard B, Sorensen HT, Olsen JH. Use of selective serotonin

reuptake inhibitors and risk of upper gastrointestinal tract bleeding—A population-based cohort study.

Archives of internal medicine. 2003; 163(1):59–64. https://doi.org/10.1001/archinte.163.1.59

WOS:000180378900006. PMID: 12523917

21. Farmand S, Lindh JD, Calissendorff J, Skov J, Falhammar H, Nathanson D, et al. Differences in Associ-

ations of Antidepressants and Hospitalization Due to Hyponatremia. The American journal of medicine.

2018; 131(1):56–63. Epub 2017/08/15. https://doi.org/10.1016/j.amjmed.2017.07.025 PMID:

28803926.

22. The national Board of Health and Welfare sd, available from:http://www.socialstyrelsen.se/statistik/

statistikdatabas. Access date January 2018.

Association between tramadol and bleeding peptic ulcer

PLOS ONE | https://doi.org/10.1371/journal.pone.0215356 April 17, 2019 9 / 9

https://doi.org/10.1002/pds.1294
http://www.ncbi.nlm.nih.gov/pubmed/16897791
http://www.ncbi.nlm.nih.gov/pubmed/2249379
http://www.ncbi.nlm.nih.gov/pubmed/10874551
http://www.ncbi.nlm.nih.gov/pubmed/10531103
https://doi.org/10.1001/archinte.163.1.59
http://www.ncbi.nlm.nih.gov/pubmed/12523917
https://doi.org/10.1016/j.amjmed.2017.07.025
http://www.ncbi.nlm.nih.gov/pubmed/28803926
http://www.socialstyrelsen.se/statistik/statistikdatabas
http://www.socialstyrelsen.se/statistik/statistikdatabas
https://doi.org/10.1371/journal.pone.0215356

