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Summary 50 

Background 51 

There is evidence gastrointestinal (GI) motility may play a role in the development of 52 

GI cancers. Weak opioids (codeine and dihydrocodeine) decrease GI motility, but 53 

their effect on GI cancer risk has not been assessed. 54 

Aim 55 

To assess the association between weak opioids and cancers of the GI tract. 56 

Methods 57 

A series of nested case-control studies was conducted using Scottish general 58 

practice records from the Primary Care Clinical Informatics Unit Research database. 59 

Oesophageal (n=2,432), gastric (n=1,443), and colorectal cancer (n=8,750) cases, 60 

diagnosed between 1999 and 2011, were identified and matched with up to five 61 

controls. Weak opioid use was identified from prescribing records. Odds ratios (OR) 62 

and 95% confidence intervals (CI) were calculated using conditional logistic 63 

regression, adjusting for relevant comorbidities and medication use. 64 

Results 65 

There was no association between weak opioids and colorectal cancer (adjusted 66 

OR=0.96, CI 0.90, 1.02, p=0.15). There was an increased risk of oesophageal 67 

(adjusted OR=1.16, CI 1.04, 1.29, p=0.01) and gastric cancer (adjusted OR=1.26, CI 68 

1.10, 1.45, p=0.001). The associations for oesophageal cancer, but not gastric 69 

cancer, were attenuated when weak opioid users were compared with users of 70 

another analgesic (adjusted OR=1.03 CI 0.86, 1.22, p=0.76 and adjusted OR=1.29 71 

CI 1.02, 1.64, p=0.04 respectively). 72 



Conclusion 73 

In this large population-based study, there was no consistent evidence of an 74 

association between weak opioids and oesophageal or colorectal cancer risk, but a 75 

small increased risk of gastric cancer. Further investigation is required to determine 76 

whether this association is causal or reflects residual confounding or confounding by 77 

indication. 78 

 79 

Keywords: 80 

Opioids, Codeine, Dihydrocodeine, Gastrointestinal neoplasms, Oesophageal 81 

cancer, Gastric cancer, Colorectal cancer, Gastrointestinal motility. 82 

 83 

1 Introduction 84 

Gastrointestinal (GI) motility may play a role in the development of GI tract cancers. 85 

A recent, large Danish cohort study has demonstrated increased risk of various GI 86 

tract cancers in patients diagnosed with constipation. Although there was no long-87 

term risk of colorectal cancer, an increased risk of oesophageal, stomach, small 88 

intestine, liver, and pancreatic cancer was observed after 15 years of follow-up.1 89 

Meta-analysis of observational studies has provided conflicting evidence on the role 90 

of constipation and colorectal cancer risk.2 Regular exercise is associated with 91 

reduced GI cancer risk, potentially due to decreased GI transit time and subsequent 92 

reduced carcinogen exposure to GI mucosa. Several studies have demonstrated 93 

exercise also beneficially modifies the GI microbiome, although the underlying 94 

mechanisms remain unknown.3 Decreased GI motility due to opioid use has been 95 



associated with decreased GI mucosal integrity and subsequent dysbiosis,4 which is 96 

implicated in the development of GI cancers.5 Further, there is experimental 97 

evidence that delayed gastric emptying increases risk of gastric cancer in murine 98 

models. Mice who underwent vagotomy (which delays gastric emptying) had an 99 

increased risk of gastric cancer following exposure to the carcinogen N-methyl-N’-100 

nitro-N-nitrosoguanidine. However, when combined with a drainage procedure such 101 

as pyloroplasty, thereby improving gastric emptying, risk of gastric cancer was 102 

decreased in vagotomised mice.6 103 

 104 

Codeine and dihydrocodeine are widely prescribed opioid analgesics within the UK.7 105 

Both drugs are classed as weak opioids in the British National Formulary8 and are 106 

used for mild to moderate pain on the World Health Organisation’s analgesic ladder.9 107 

Opioids bind to mu receptors in the GI tract and decrease motility by inhibiting 108 

cholinergic neurotransmission,10 and constipation is a well-documented side-effect in 109 

primary care.11 Codeine has been shown in human studies to decrease oesophageal 110 

peristalsis,12 delay gastric emptying,13 and increase colonic transit time.14 111 

 112 

To date, there has not been a study that has investigated the effect of weak opioids 113 

on risk of developing GI malignancy. Given their common usage and substantial 114 

effect on GI motility, we investigated the association between weak opioids and the 115 

risk of oesophageal, gastric, and colorectal cancer in a series of nested case-control 116 

studies within a large population-based general practice database. 117 

 118 

2 Patients and Methods 119 



2.1 Data Source 120 

The study was conducted using data from the Primary Care Clinical Information Unit 121 

Research (PCCIUR) database.15 The PCCIUR captures information from General 122 

Practice records including demographics, diagnoses, prescriptions, and lifestyle 123 

characteristics (including smoking and alcohol intake), and has been used 124 

extensively for research.16–19 The PCCIUR contained over two million patients 125 

registered at 393 general practices in Scotland between 1993 and 2011. Data 126 

access was approved by the Research Applications and Data Management Team of 127 

the University of Aberdeen. 128 

 129 

2.2 Study Design 130 

A series of nested case-control studies were conducted within the PCCIUR 131 

database. New cases of oesophageal, gastric, and colorectal cancer, diagnosed 132 

between 1999 and 2011, were identified using General Practice Read codes. Cases 133 

were excluded if they had a diagnosis of another cancer, apart from non-melanoma 134 

skin cancer, on or before the date of their GI cancer diagnosis. Each case was 135 

matched with up to five controls based on gender, GP practice, year of birth plus-or-136 

minus five years, and year of diagnosis (in categories). The date of cancer diagnosis 137 

was set as the index date for each case as well as their matched controls. Each 138 

control had to be alive and free from cancer, excluding non-melanoma skin cancer, 139 

and registered with their GP on the index date. Cases and controls were excluded if 140 

they did not have at least three years of continuous primary care records with the 141 

same general practice prior to the index date. 142 

 143 



Within each matched set, the exposure period began on either 1st January 1993 (as 144 

the electronic prescription records are less likely to be complete before this time), or 145 

the most recent GP registration date within the matched set if this occurred after 1st 146 

January 1993. This method ensured that the exposure period was the same for 147 

cases and controls within each matched set. The exposure period finished one year 148 

before the index date to reduce the risk of reverse causation as medications taken 149 

during this period are unlikely to have contributed to carcinogenesis. 150 

 151 

2.3 Exposure 152 

We ascertained medication use from each individual prescription within the exposure 153 

period as classified in the British National Formulary.8 We identified codeine 154 

prescriptions (including codeine alone and codeine with other medications; 96% of 155 

codeine prescriptions were a codeine and paracetamol compound medication) and 156 

dihydrocodeine prescriptions (including dihydrocodeine alone and dihydrocodeine 157 

combined with other medications; 62% of dihydrocodeine prescriptions were a 158 

dihydrocodeine and paracetamol compound medication). We also identified 159 

prescriptions for ibuprofen and paracetamol, commonly prescribed non-opioid 160 

analgesics, to act as active comparators. 161 

 162 

2.4 Covariates 163 

Relevant comorbidities were identified from published Read codes20 to include in our 164 

analysis. We included the following comorbidities from the Charlson Comorbidity 165 

Index in all analyses: myocardial infarction, ischaemic heart disease, heart failure, 166 

peripheral vascular disease, dementia, cerebrovascular disease, chronic pulmonary 167 

disease, peptic ulcer, rheumatological disease, HIV status and renal disease. 168 



Additionally, inflammatory bowel disease was included in the model for colorectal 169 

cancer.21 Medications which may have a preventative effect on GI tract cancer were 170 

incorporated into the model in all analyses, namely aspirin, statins, and non-steroidal 171 

anti-inflammatory drugs (NSAIDs),22–25. The Scottish Index of Multiple Deprivation 172 

based upon postcode of the GP practice was determined as a measure of 173 

deprivation.26 174 

 175 

2.5 Statistical analyses 176 

Characteristics of cases and controls were compared using frequencies and 177 

percentages for qualitative variables and descriptive statistics for continuous 178 

variables. We applied conditional logistic regression to calculate odds ratios (OR) 179 

and 95% confidence intervals (CI) for associations between weak opioids (either of 180 

codeine and/or dihydrocodeine), and oesophageal, gastric, and colorectal cancer. 181 

The matched design accounted for GP practice, sex, year of registration and age in 182 

categories, and, in addition, age in years was entered into both the unadjusted and 183 

adjusted models. We investigated use of weak opioids (including codeine or 184 

dihydrocodeine) and codeine and dihydrocodeine separately. We also investigated 185 

the number of prescriptions and timing of prescriptions (i.e. in the year immediately 186 

before cancer diagnosis, in the one-to-two year period before cancer diagnosis, two-187 

to-three year period, and greater than three years prior).  188 

We performed a number of further analyses. First, two active comparator analyses 189 

were conducted (to attempt to reduce confounding by indication)27, one comparing 190 

weak opioid users to ibuprofen users (no adjustment was made for NSAIDs in this 191 

analysis), and another comparing weak opioid users to paracetamol users who had 192 

not used weak opioids. We performed an analysis additionally adjusting for smoking 193 



and alcohol using a complete case approach and a multiple imputation approach. In 194 

the multiple imputation approach, smoking was imputed based upon an ordinal 195 

logistic regression model including case status and all covariates from the model 196 

including weak opioids. Twenty-five imputations28 were conducted and results were 197 

combined using Rubin’s rules.29 This approach was used for smoking, alcohol, and 198 

both smoking and alcohol. We repeated the main analysis extending the lag period 199 

to 2 years to further reduce the risk of reverse causation. Finally, we conducted 200 

separate analyses of paracetamol prescriptions (i.e. excluding prescriptions 201 

containing weak opioids), and ibuprofen prescriptions to investigate pain 202 

medications, in general, on GI cancer risk. All statistical analyses were conducted 203 

using STATA 16 (StataCorp, College Station, TX, USA). 204 

 205 

 206 

3 Results 207 

3.1 Characteristics of cases and controls 208 

Characteristics of cases and controls and selected comorbidities are summarised in 209 

Table 1. A total of 2,432 oesophageal, 1,443 gastric, and 8,750 colorectal cancer 210 

cases were matched with 10,590, 6,233, and 38,264 controls respectively. In all 211 

three cancer sites, most cases were diagnosed between the ages of 70-79 years old, 212 

and more cases were male. Smoking and alcohol consumption (where data was 213 

available) was similar between cases and controls. 214 

 215 

3.2 Main analysis 216 

3.2.1 Weak opioids and oesophageal cancer risk 217 



We observed a small positive association between weak opioids and risk of 218 

oesophageal cancer (see Table 2, adjusted OR=1.16, CI 1.04, 1.29, p=0.01). This 219 

did not follow an obvious dose response as the association was apparent both in 220 

those with least use, 6 prescriptions or fewer, (adjusted OR=1.18, CI 1.05, 1.34, 221 

p=0.01) and those with highest use, more than 24 prescriptions (adjusted OR=1.26, 222 

CI 1.02, 1.56, p=0.04). Associations were similar for codeine and dihydrocodeine use 223 

(adjusted OR=1.12, CI 1.00, 1.25, p=0.05 and adjusted OR=1.06, CI 0.92, 1.23, 224 

p=0.43 respectively). The active comparator analysis showed there was no 225 

difference in oesophageal cancer risk in weak opioid users compared with ibuprofen 226 

users or paracetamol users. Further, the association between weak opioids and 227 

oesophageal cancer was only apparent in the first three years before diagnosis. 228 

Associations were largely similar in sensitivity analyses (see Table 4). 229 

 230 

3.2.2 Weak opioids and gastric cancer risk 231 

We observed a significant positive association between weak opioids and gastric 232 

cancer (see Table 2, adjusted OR=1.26, CI 1.10, 1.45, p=0.001). This appeared to 233 

follow an exposure response with individuals using more than 24 prescriptions 234 

having higher risk (adjusted OR=1.50, CI 1.18, 1.90, p=0.001). The associations 235 

were only apparent for codeine and not dihydrocodeine (adjusted OR 1.29, CI 1.12, 236 

1.50, p=0.001 and adjusted OR=1.10, CI 0.92, 1.32, p=0.28 respectively). In the 237 

active comparator analysis, weak opioid users had a higher risk of gastric cancer 238 

compared with ibuprofen users (adjusted OR=1.29, CI 1.02, 1.64, p=0.04) but not 239 

paracetamol users. The association between weak opioids and gastric cancer was 240 

more marked in the year prior to cancer diagnosis but was still detectable more than 241 



3 years before diagnosis (adjusted OR=1.21, CI 1.04, 1.41, p=0.01), when the lag 242 

period was extended to 2 years, and when adjusted for smoking and alcohol use 243 

(see Table 4). A separate analysis of paracetamol excluding weak opioid use (see 244 

Supplementary Table 1) showed a similar association with gastric cancer risk, with 245 

individuals receiving more than 24 prescriptions having a more marked increase in 246 

risk (adjusted OR=1.87, CI 1.32, 2.65, p<0.001). 247 

 248 

3.2.3 Weak opioids and colorectal cancer risk 249 

Table 3 shows there was no evidence of an association between weak opioids and 250 

colorectal cancer (adjusted OR=0.96, CI 0.90, 1.02, p=0.15). The findings were 251 

similar by frequency of use, by weak opioid type, and when active comparators were 252 

used. Findings were similar in sensitivity analyses (Table 4).253 



4 Discussion 254 

In our study, we observed no consistent evidence of an association between weak 255 

opioids and oesophageal and colorectal cancer, but some evidence of association 256 

between weak opioids and gastric cancer. The gastric cancer risk appeared to follow 257 

an exposure response and remained when compared with ibuprofen, but was 258 

attenuated when compared to paracetamol and was similar to the association 259 

between paracetamol use and gastric cancer risk. 260 

 261 

The cause of the association between weak opioids and gastric cancer is unknown. 262 

It could reflect our hypothesis that a decrease in GI motility increases risk of GI tract 263 

cancers. We chose to study weak opioids due to their well-documented side-effects 264 

of constipation30 and their common usage in the UK.7 There is also evidence of a 265 

direct effect of codeine on oesophageal peristalsis,12 gastric emptying,13 and colonic 266 

transit14 in human studies. In support of this we observed an exposure response, and 267 

we observed an increased risk of gastric cancer in weak opioid users compared with 268 

ibuprofen users (who may share indications). Opioids have also been shown in 269 

experimental models to affect the integrity of GI epithelial cells31 and increase pro-270 

inflammatory cytokines through induction of the immune system.32 Alternatively, the 271 

gastric cancer association could reflect confounding by indication and there was 272 

some evidence of this as the association between paracetamol, used for pain, and 273 

gastric cancer was similar to the association for weak opioids. Future studies of 274 

weak opioids and gastric cancer are warranted and should attempt to account for 275 

chronic pain. 276 

 277 



The lack of association between weak opioids and oesophageal and colorectal 278 

cancer is reassuring to clinicians and patients. Weak opioids provide pain relief for 279 

mild to moderate pain in both acute and chronic settings and are included in the 280 

World Health Organisation’s model list of essential medicines.33 281 

 282 

Previous studies have provided some evidence for decreased GI motility and GI 283 

cancer risk. A 2019 study of a large Danish cohort by Sundbøll et al found patients 284 

with constipation had increased risk of oesophageal, stomach, small intestinal, liver, 285 

and pancreatic cancer at 15 years of follow-up; the authors posited that delayed 286 

motility may lead to dysbiosis of the GI flora, with toxic bacterial metabolites able to 287 

disseminate throughout the body.1 Increased transit time may also be harmful by 288 

increasing exposure time of ingested or endogenously produced carcinogens to the 289 

GI mucosa; this has been suggested as a possible mechanism in the development of 290 

colorectal cancer,34 however the evidence for constipation as a risk factor for 291 

colorectal cancer is conflicting.2 Decreased GI motility has also been implicated in 292 

breast cancer, with the underlying mechanism thought to be decreased rate of 293 

oestrogen excretion from the increased GI transit time.35 Conversely, exercise may 294 

decrease cancer risk by decreasing transit time and having a positive effect on gut 295 

microbiota composition.3,36 296 

 297 

Our study has strengths and weaknesses. To our knowledge, this is the first study to 298 

focus upon weak opioids and GI cancer. The PCCIUR is population-based and 299 

captured prescription records for up to 18 years eliminating the potential for recall 300 

bias. PCCIUR primary care records have been shown to be largely accurate at 301 



identifying cancer patients.37 We adjusted for a wide range of potential confounders 302 

including smoking and alcohol which may be particularly important for GI cancer 303 

risk38,39 but we did not have access to others such as body mass index and 304 

Helicobacter pylori status and hence there remains the possibility of residual 305 

confounding. We did not have cancer registry records to investigate GI cancer by 306 

histological subtype 4041. We also did not have access to over-the-counter 307 

medication usage but codeine and dihydrocodeine are only available over the 308 

counter in the UK at low doses and with restricted pack sizes.42,43 Further, 309 

methodological studies have shown that prescription data can give valid estimates of 310 

association even when medications are available over-the-counter.44 It is possible 311 

that the observed association for weak opioids and gastric cancer could reflect Type 312 

I error. Finally, these results are not independent of an earlier screening study 16 313 

using the PCCIUR database which observed in one analysis an association between 314 

codeine and gastric cancer, but that previous study did not investigate weak opioids, 315 

did not investigate the timing of medication use, or use active comparators to 316 

compare weak opioids with other pain medications. 317 

 318 

5 Conclusion 319 

We observed no consistent evidence of an association between weak opioids and an 320 

increased risk of oesophageal and colorectal cancer, but some evidence of a small 321 

association between weak opioids and gastric cancer. Opioids remain useful 322 

analgesics; further studies are required to replicate these findings, both for opioids 323 

and other medications which affect GI motility, to help inform clinicians’ safe 324 

prescribing practice. 325 
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Table 1: Characteristics of cases and controls 

Cancer site            Oesophageal            Gastric            Colorectal 

 Cases 
n=2,432 

Controls 
n=10,590 

Cases 
n=1,443 

Controls 
n=6,233 

Cases 
n=8,750 

Controls 
n=38,264 

       

Age; mean (SD) 69.1 (11.4) 66.5 (12.1) 71.2 (11.3) 68.9 (12.0) 69.6 (11.6) 67.2 (12.3) 

  <50 118 (4.9%) 869 (8.2%) 63 (4.4%) 401 (6.4%) 471 (5.4%) 3,132 (8.2%) 

  50-59 394 (16.2%) 2,322 (21.9%) 146 (10.1%) 915 (14.7%) 1,192 (13.6%) 7,005 (18.3%) 

  60-69 664 (27.3%) 2,923 (27.6%) 370 (25.6%) 1,712 (27.5%) 2,378 (27.2%) 10,887 (28.5%) 

  70-79 802 (33.0%) 2,825 (26.7%) 507 (35.1%) 1,989 (31.9%) 2,916 (33.3%) 10,850 (28.4%) 

  >80 454 (18.7%) 1,651 (15.6%) 357 (24.7%) 1,216 (19.5%) 1,793 (20.5%) 6,390 (16.7%) 

       

Gender       

  Male 1,645 (67.6%) 7,185 (67.8%) 827 (57.3%) 3,539 (56.8%) 4,795 (54.8%) 20,731 (54.2%) 

       

Deprivation (in quintiles)       

  1st (most deprived) 682 (28.0%) 2,950 (27.9%) 422 (29.2%) 1,820 (29.2%) 2,226 (25.4%) 9,637 (25.2%) 

  2nd  601 (24.7%) 2,619 (24.7%) 383 (26.5%) 1,648 (26.4%) 2,239 (25.6%) 9,761 (25.5%) 

  3rd  405 (16.7%) 1,791 (16.9%) 241 (16.7%) 1,055 (16.9%) 1,432 (16.4%) 6,307 (16.5%) 

  4th  483 (19.9%) 2,112 (19.9%) 263 (18.2%) 1,146 (18.4%) 1,840 (21.0%) 8,108 (21.2%) 

  5th (least deprived) 254 (10.4%) 1,087 (10.3%) 133 (9.2%) 559 (9.0%) 1,003 (11.5%) 4,410 (11.5%) 

  Missing 7 (0.3%) 31 (0.3%) 1 (0.1%) 5 (0.1%) 10 (0.1%) 41 (0.1%) 

       

Smoking       

  Never 633 (26.0%) 3,623 (34.2%) 476 (33.0%) 2,217 (35.6%) 3,120 (35.7%) 13,371 (34.9%) 

  Former 539 (22.2%) 2,079 (19.6%) 308 (21.3%) 1,246 (20.0%) 1,959 (22.4%) 7,297 (19.1%) 

  Current 726 (29.9%) 2,336 (22.1%) 349 (24.2%) 1,398 (22.4%) 1,657 (18.9%) 8,143 (21.3%) 

  Missing 534 (22.0%) 2,552 (24.1%) 310 (21.5%) 1,372 (22.0%) 2,014 (23.0%) 9,453 (24.7%) 

       

Alcohol       

  None 365 (15.0%) 1,413 (13.3%) 280 (19.4%) 999 (16.0%) 1,330 (15.2%) 5,738 (15.0%) 

  Low 1,126 (46.3%) 5,090 (48.1%) 655 (45.4%) 2,966 (47.6%) 4,265 (48.7%) 17,974 (47.0%) 

  High 152 (6.3%) 452 (4.3%) 44 (3.0%) 214 (3.4%) 328 (3.7%) 1,292 (3.4%) 

  Missing 789 (32.4%) 3,635 (34.3%) 464 (32.2%) 2,054 (33.0%) 2,827 (32.3%) 13,260 (34.7%) 

       

Selected comorbidities      

  Reflux oesophagitis 242 (10.0%) 530 (5.0%) 90 (6.2%) 356 (5.7%) 482 (5.5%) 1,868 (4.9%) 

  Barrett's oesophagus 96 (3.9%) 60 (0.6%) 6 (0.4%) 48 (0.8%) 52 (0.6%) 214 (0.6%) 

  Peptic ulcer disease 327 (13.4%) 917 (8.7%) 252 (17.5%) 630 (10.1%) 839 (9.6%) 3,205 (8.4%) 

  Diabetes mellitus 237 (9.7%) 900 (8.5%) 165 (11.4%) 537 (8.6%) 975 (11.1%) 3,122 (8.2%) 

  Myocardial infarction 193 (7.9%) 764 (7.2%) 129 (8.9%) 493 (7.9%) 603 (6.9%) 2,509 (6.6%) 

  IHD 455 (18.7%) 1,695 (16.0%) 329 (22.8%) 1,154 (18.5%) 1,514 (17.3%) 6,048 (15.8%) 

  Heart failure 109 (4.5%) 373 (3.5%) 64 (4.4%) 264 (4.2%) 350 (4.0%) 1,289 (3.4%) 

  PAD 159 (6.5%) 468 (4.4%) 90 (6.2%) 311 (5.0%) 425 (4.9%) 1,665 (4.4%) 

  IBD 141 (5.8%) 536 (5.1%) 85 (5.9%) 326 (5.2%) 502 (5.7%) 2,027 (5.3%) 

       

Selected medications       

  Aspirin 739 (30.4%) 2,904 (27.4%) 526 (36.5%) 1,919 (30.8%) 2,613 (29.9%) 10,447 (27.3%) 

  Statins† 573 (23.6%) 2,182 (20.6%) 345 (23.9%) 1,348 (21.6%) 1,956 (22.4%) 7,529 (19.7%) 

  NSAIDs‡ 1,001 (41.2%) 4,416 (41.7%) 600 (41.6%) 2,658 (42.6%) 3,525 (40.3%) 15,753 (41.2%) 

†Atorvastatin, fluvastatin, pravastatin, rosuvastatin, simvastatin. 

‡Aceclofenac, acemetacin, celecoxib, dexibuprofen, dexketoprofen, diclofenac, etodolac, etoricoxib, fenoprofen, ibuprofen, indomethacin, 
ketoprofen, mefenamic acid, meloxicam, nabumetone, naproxen, piroxicam, sulindac, tenoxicam, tiaprofenic acid, rofecoxib, valdecoxib, 
lumiracoxib. 



Table 2: Exposure to weak opioids (codeine and dihydrocodeine) and risk of oesophageal and 
gastric cancer. 

Medication Cases Controls Age adjusted OR, 
95% CI 

Adjusted† OR, 95% 
CI 

Adjusted† 
p value 

Oesophageal cancer 

Weak opioids      

  Non-user 1,563 (64.3%) 7,217 (68.1%) 1.00 (ref. category) 1.00 (ref. category)  

  User 869 (35.7%) 3,373 (31.9%) 1.18 (1.06, 1.31) 1.16 (1.04, 1.29) 0.01 

  1-6 prescriptions 548 (22.5%) 2,123 (20.0%) 1.19 (1.06, 1.35) 1.18 (1.05, 1.34) 0.01 

  7-24 prescriptions 170 (7.0%) 729 (6.9%) 1.04 (0.87, 1.25) 1.02 (0.84, 1.23) 0.87 

  >24 prescriptions 151 (6.2%) 521 (4.9%) 1.34 (1.09, 1.65) 1.26 (1.02, 1.56) 0.04 

      

Weak opioid type (user versus non-user)    

  Codeine  700 (28.8%) 2,723 (25.7%) 1.14 (1.02, 1.27) 1.12 (1.00, 1.25) 0.05 

  Dihydrocodeine 334 (13.7%) 1,336 (12.6%) 1.11 (0.97, 1.28) 1.06 (0.92, 1.23) 0.43 

      

Active comparator      

  Ibuprofen users‡ 215 (8.8%) 923 (8.7%) 1.00 (ref. category) 1.00 (ref. category)  

  Weak opioid users 869 (35.7%) 3,373 (31.9%) 1.08 (0.91, 1.28) 1.03 (0.86, 1.22) 0.76 

  Paracetamol users‡ 152 (6.3%) 615 (5.8%) 1.00 (ref. category) 1.00 (ref. category)  

  Weak opioid users 869 (35.7%) 3,373 (31.9%) 1.22 (1.00, 1.50) 1.21 (0.99, 1.49) 0.07 

      

Weak opioid use (by timing)     

  0-1 years prior§ 629 (25.9%) 1,868 (17.6%) 1.66 (1.49, 1.86) 1.63 (1.45, 1.83) <0.001 

  1-2 years prior 475 (19.5%) 1,759 (16.6%) 1.19 (1.06, 1.35) 1.16 (1.02, 1.32) 0.02 

  2-3 years prior 435 (17.9%) 1,614 (15.2%) 1.20 (1.05, 1.36) 1.15 (1.01, 1.31) 0.03 

  >3 years prior¶ 600 (26.3%) 2,390 (24.0%) 1.11 (0.99, 1.25) 1.08 (0.95, 1.22) 0.23 

Gastric cancer 

Weak opioids      

  Non-user 866 (60.0%) 4,087 (65.6) 1.00 (ref. category) 1.00 (ref. category)  

  User 577 (40.0%) 2,146 (34.4%) 1.33 (1.17, 1.52) 1.26 (1.10, 1.45) 0.001 

  1-6 prescriptions 325 (22.5%) 1,291 (20.7%) 1.27 (1.09, 1.48) 1.22 (1.04, 1.43) 0.02 

  7-24 prescriptions 127 (8.8%) 463 (7.4%) 1.30 (1.04, 1.62) 1.20 (0.95, 1.52) 0.12 

  >24 prescriptions 125 (8.7%) 392 (6.3%) 1.59 (1.26, 2.01) 1.50 (1.18, 1.90) 0.001 

      

Weak opioid type (user versus non-user)    

Codeine 476 (33.0%) 1,734 (27.8%) 1.36 (1.19, 1.57) 1.29 (1.12, 1.50) 0.001 

Dihydrocodeine 226 (15.7%) 849 (13.6%) 1.18 (0.99, 1.40) 1.10 (0.92, 1.32) 0.28 

      

Active comparator      

  Ibuprofen users‡ 109 (7.6%) 567 (9.1%) 1.00 (ref. category) 1.00 (ref. category)  

  Weak opioid users 577 (40.0%) 2,146 (34.4%) 1.39 (1.10, 1.76) 1.29 (1.02, 1.64) 0.04 

  Paracetamol users‡ 119 (8.2%) 429 (6.9%) 1.00 (ref. category) 1.00 (ref. category)  

  Weak opioid users 577 (40.0%) 2,146 (34.4%) 1.13 (0.89, 1.43) 1.09 (0.86, 1.39) 0.45 

      

Weak opioid use (by timing)     

  0-1 years prior§ 437 (30.3%) 1,247 (20.0%) 1.83 (1.59, 2.10) 1.76 (1.52, 2.03) <0.001 

  1-2 years prior 341 (23.6%) 1,177 (18.9%) 1.34 (1.16, 1.55) 1.27 (1.09, 1.48) 0.002 

  2-3 years prior 306 (21.2%) 1,062 (17.0%) 1.30 (1.12, 1.52) 1.22 (1.04, 1.43) 0.02 

  >3 years prior¶ 420 (30.8%) 1,557 (26.4%) 1.28 (1.11, 1.48) 1.21 (1.04, 1.41) 0.01 

†Individually adjusted for comorbidities in the Charlson Comorbidity Index; peptic ulcer disease, diabetes, myocardial infarction, heart failure, 
peripheral arterial disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease, liver disease, renal 
disease, HIV/AIDS, and aspirin, statin, and non-steroidal anti-inflammatory drug use (latter excluded in weak opioids/ibuprofen comparison). 
‡Excludes weak opioid users. 
§This time period is excluded from the main analysis. 
¶Cases and controls excluded if less than four years of continuous records prior to index date: 
Oesophageal cancer cases=2,285, controls=9,961 
Gastric cancer cases=1,363, controls=5,891.  



 
Table 3: Exposure to weak opioids (codeine and dihydrocodeine) and risk of colorectal cancer. 

Medication Cases Controls Age adjusted OR, 
95% CI 

Adjusted† OR, 95% 
CI 

Adjusted† 
p value 

Colorectal cancer 

Weak opioids      

  Non-user 5,977 (68.3%) 26,147 (68.3%) 1.00 (ref. category) 1.00 (ref. category)  

  User 2,773 (31.7%) 12,117 (31.7%) 0.97 (0.92, 1.02) 0.96 (0.90, 1.02) 0.15 

  1-6 prescriptions 1,754 (20.0%) 7,458 (19.5%) 1.02 (0.95, 1.08) 1.01 (0.94, 1.07) 0.87 

  7-24 prescriptions 560 (6.4%) 2,648 (6.9%) 0.86 (0.78, 0.95) 0.85 (0.76, 0.94) 0.002 

  >24 prescriptions 459 (5.2%) 2,011 (5.3%) 0.93 (0.83, 1.04) 0.90 (0.80, 1.01) 0.08 

      

Weak opioid type (user versus non-user)    

  Codeine  2,271 (26.0%) 9,874 (25.8%) 0.97 (0.91, 1.03) 0.96 (0.90, 1.02) 0.20 

  Dihydrocodeine 1,052 (12.0%) 4,749 (12.4%) 0.95 (0.88, 1.03) 0.94 (0.87, 1.02) 0.16 

      

Active comparator      

  Ibuprofen users‡ 788 (9.0%) 3,283 (8.6%) 1.00 (ref. category) 1.00 (ref. category)  

  Weak opioid users 2,773 (31.7%) 12,117 (31.7%) 0.93 (0.84, 1.01) 0.91 (0.83, 1.00) 0.05 

  Paracetamol users‡ 616 (7.0%) 2,282 (6.0%) 1.00 (ref. category) 1.00 (ref. category)  

  Weak opioid users 2,773 (31.7%) 12,117 (31.7&) 0.94 (0.85, 1.04) 0.92 (0.83, 1.02) 0.12 

      

Weak opioid use (by timing)     

0-1 years prior§ 2,084 (23.8%) 7,051 (18.4%) 1.39 (1.31, 1.48) 1.40 (1.31, 1.49) <0.001 

1-2 years prior 1,516 (17.3%) 6,396 (16.7%) 1.01 (0.95, 1.08) 1.00 (0.93, 1.07) 0.97 

2-3 years prior 1,356 (15.5%) 5,894 (15.4%) 0.97 (0.91, 1.04) 0.96 (0.90, 1.03) 0.30 

>3 years prior¶ 1,941 (23.8%) 8,700 (24.4%) 0.92 (0.87, 0.98) 0.91 (0.85, 0.97) 0.01 
†Individually adjusted for comorbidities in the Charlson Comorbidity Index; peptic ulcer disease, diabetes, myocardial infarction, heart failure, 
peripheral arterial disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease, liver disease, renal 
disease, HIV/AIDS, inflammatory bowel disease, and aspirin, statin, and non-steroidal anti-inflammatory drug use. 
‡Excludes weak opioid users. 
§This time period is excluded from the main analysis. 
¶Cases and controls excluded if less than four years of continuous records prior to index date: 
Colorectal cancer cases=8,162, controls=35,726  



Table 4: Sensitivity analyses, weak opioids and gastrointestinal cancer risk. 

Medication exposure Cases Controls Adjusted† odds ratio, 
95% confidence limits 

Adjusted† p 
value 

Oesophageal cancer     

  Weak opioids (primary analysis) 2,432 10,590 1.16 (1.04, 1.29) 0.01 

  Weak opioids (2 year lag period) 2,285 9,961 1.12 (1.00, 1.26) 0.04 

  Additionally adjusted for smoking using complete case 1,898 8,038 1.15 (1.01, 1.30) 0.03 

  Additionally adjusted for smoking using multiple imputation 2,432 10,590 1.14 (1.02, 1.27) 0.03 

  Additionally adjusted for alcohol using multiple imputation 2,432 10,590 1.15 (1.03, 1.29) 0.01 

  Adjusting for smoking and alcohol using multiple imputation 2,432 10,590 1.13 (1.01, 1.26) 0.03 

     

Gastric cancer     

  Weak opioids (primary analysis) 1,443 6,233 1.26 (1.10, 1.45) 0.001 

  Weak opioids (2 year lag period) 1,363 5,891 1.27 (1.10, 1.47) 0.001 

  Additionally adjusted for smoking using complete case 1,133 4,861 1.25 (1.07, 1.47) 0.01 

  Additionally adjusted for smoking using multiple imputation 1,443 6,233 1.25 (1.09, 1.44) 0.002 

  Additionally adjusted for alcohol using multiple imputation 1,443 6,233 1.25 (1.09, 1.44) 0.002 

  Adjusting for smoking and alcohol using multiple imputation 1,443 6,233 1.24 (1.08, 1.43) 0.003 

     

Colorectal cancer     

  Weak opioids (primary analysis) 8,750 38,264 0.96 (0.90, 1.02) 0.15 

  Weak opioids (2 year lag period) 8,162 35,726 0.96 (0.90, 1.01) 0.14 

  Additionally adjusted for smoking using complete case 6,736 28,811 0.94 (0.88, 1.00) 0.06 

  Additionally adjusted for smoking using multiple imputation 8,750 38,264 0.96 (0.90, 1.02) 0.18 

  Additionally adjusted for alcohol using multiple imputation 8,750 38,264 0.96 (0.90, 1.02) 0.17 

  Adjusting for smoking and alcohol using multiple imputation 8,750 38,264 0.96 (0.91, 1.03) 0.22 

     

†Individually adjusted for comorbidities in the Charlson Comorbidity Index; peptic ulcer disease, diabetes, myocardial infarction, heart failure, peripheral arterial disease, cerebrovascular disease, 
dementia, chronic obstructive pulmonary disease, connective tissue disease, liver disease, renal disease, HIV/AIDS, and aspirin, statin, and non-steroidal anti-inflammatory drug use. Inflammatory 
bowel disease was also included in the model for colorectal cancer. 



Supplementary Table 1: Exposure to paracetamol (not combined with weak opioids) and risk of 

gastrointestinal cancer. 

 

†Individually adjusted for comorbidities in the Charlson Comorbidity Index; peptic ulcer disease, diabetes, myocardial infarction, heart failure, 

peripheral arterial disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease, liver disease, renal 

disease, HIV/AIDS, and aspirin, statin, and non-steroidal anti-inflammatory drugs use. Inflammatory bowel disease was also included in the model for 

colorectal cancer. 

‡Participants who had a paracetamol prescription which did not contain a weak opioid. 

  

Medication Cases Controls Age-adjusted OR, 
95% confidence 
limits 

Adjusted† OR 95% 
confidence limits 

Adjusted† 
p value 

    Oesophageal cancer 

      

  Non-user 2,039 (83.8%) 9,049 (85.4%) 1.00 (ref. category) 1.00 (ref. cat.)  

  Paracetamol‡ 393 (16.2%) 1,541 (14.6%) 0.99 (0.86, 1.13) 0.95 (0.83, 1.10) 0.50 

  1-6 prescriptions 249 (10.2%) 992 (9.4%) 0.98 (0.84, 1.15) 0.96 (0.82, 1.13) 0.63 

  7-24 prescriptions 97 (4.0%) 366 (3.5%) 0.99 (0.78, 1.27) 0.94 (0.73, 1.20) 0.62 

  >24 prescriptions 47 (1.9%) 183 (1.7%) 1.00 (0.71, 1.41) 0.94 (0.66, 1.34) 0.74 

      

         Gastric cancer 

      

  Non-user 1,132 (78.4%) 5,168 (82.9%) 1.00 (ref. category) 1.00 (ref. cat.)  

  Paracetamol‡ 311 (21.6%) 1,065 (17.1%) 1.22 (1.04, 1.43) 1.17 (1.00, 1.38) 0.05 

  1-6 prescriptions 172 (11.9%) 665 (10.7%) 1.11 (0.92, 1.35) 1.07 (0.88, 1.30) 0.52 

  7-24 prescriptions 85 (5.9%) 273 (4.4%) 1.20 (0.92, 1.57) 1.14 (0.87, 1.50) 0.34 

  >24 prescriptions 54 (3.7%) 127 (2.0%) 1.86 (1.33, 2.62) 1.87 (1.32, 2.65) <0.001 

      

        Colorectal cancer 

      

  Non-user 7,346 (84.0%) 32,536 (85.0%) 1.00 (ref. category) 1.00 (ref. cat.)  

  Paracetamol‡ 1,404 (16.0%) 5,728 (15.0%) 0.95 (0.89, 1.02) 0.95 (0.88, 1.02) 0.18 

  1-6 prescriptions 879 (10.0%) 3,677 (19.6%) 0.94 (0.87, 1.02) 0.95 (0.87, 1.03) 0.20 

  7-24 prescriptions 373 (4.3%) 1,409 (3.7%) 0.99 (0.87, 1.12) 0.99 (0.88, 1.13) 0.92 

  >24 prescriptions 152 (1.7%) 642 (1.7%) 0.91 (0.75, 1.10) 0.88 (0.73, 1.07) 0.20 

       



Supplementary Table 2: Exposure to ibuprofen and risk of gastrointestinal cancer. 

 

†Individually adjusted for comorbidities in the Charlson Comorbidity Index; peptic ulcer disease, diabetes, myocardial infarction, heart failure, 

peripheral arterial disease, cerebrovascular disease, dementia, chronic obstructive pulmonary disease, connective tissue disease, liver disease, renal 

disease, HIV/AIDS, and aspirin and statin use. Inflammatory bowel disease was also included in the model for colorectal cancer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Medication Cases Controls Age-adjusted OR, 
95% confidence 
limits 

Adjusted† OR 95% 
confidence limits 

Adjusted† 
p value 

    Oesophageal cancer 

      

  Non-user 1,931 (79.4%) 8,513 (80.4%) 1.00 (ref. category) 1.00 (ref. cat.)  

  Ibuprofen 501 (20.6%) 2,077 (19.6%) 1.07 (0.95, 1.21) 1.07 (0.95, 1.20) 0.28 

  1-6 prescriptions 421 (17.3%) 1,685 (15.9%) 1.13 (1.00, 1.28) 1.12 (0.99, 1.27)) 0.08 

  7-24 prescriptions 63 (2.6%) 296 (2.8%) 0.88 (0.66, 1.17) 0.89 (0.66, 1.19) 0.43 

  >24 prescriptions 17 (0.7%) 96 (0.9%) 0.72 (0.42, 1.23) 0.73 (0.42, 1.25) 0.25 

      

         Gastric cancer 

      

  Non-user 1,133 (78.5%) 4,955 (79.5%) 1.00 (ref. category) 1.00 (ref. cat.)  

  Ibuprofen 310 (21.5%) 1,278 (20.5%) 1.13 (0.97, 1.32) 1.12 (0.96, 1.31) 0.14 

  1-6 prescriptions 239 (16.6%) 1,057 (17.0%) 1.08 (0.91, 1.27) 1.06 (0.90, 1.26) 0.48 

  7-24 prescriptions 55 (3.8%) 173 (2.8%) 1.37 (0.99, 1.89) 1.35 (0.97, 1.88) 0.07 

  >24 prescriptions 16 (1.1%) 48 (0.8%) 1.46 (0.80, 2.64) 1.49 (0.82, 2.71) 0.19 

      

        Colorectal cancer 

      

  Non-user 6,999 (80.0%) 30,752 (80.4%) 1.00 (ref. category) 1.00 (ref. cat.)  

  Ibuprofen 1,751 (20.0%) 7,512 (19.6%) 1.04 (0.97, 1.10) 1.03 (0.97, 1.10) 0.35 

  1-6 prescriptions 1,437 (16.4%) 6,083 (15.9%) 1.07 (1.00, 1.15) 1.07 (1.00, 1.14) 0.07 

  7-24 prescriptions 240 (2.7%) 1,107 (2.9%) 0.90 (0.77, 1.04) 0.88 (0.76, 1.02) 0.10 

  >24 prescriptions 74 (0.8%) 322 (0.8%) 0.91 (0.70, 1.19) 0.92 (0.71, 1.20) 0.54 
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(c) Explain how missing data were addressed ☑ 

(d) If applicable, explain how matching of cases and controls was addressed ☑ 

(e) Describe any sensitivity analyses ☑ 

Results 

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers potentially eligible, 

examined for eligibility, confirmed eligible, included in the study, completing follow-up, 

and analysed ☑ 

(b) Give reasons for non-participation at each stage N/A 

(c) Consider use of a flow diagram N/A 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) and 

information on exposures and potential confounders ☑ 

(b) Indicate number of participants with missing data for each variable of interest ☑ 



Outcome data 15* Report numbers in each exposure category, or summary measures of exposure ☑ 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 

precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 

and why they were included ☑ 

(b) Report category boundaries when continuous variables were categorized ☑ 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 

meaningful time period N/A 

 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses ☑ 

Discussion 

Key results 18 Summarise key results with reference to study objectives ☑ 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss 

both direction and magnitude of any potential bias ☑ 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of 

analyses, results from similar studies, and other relevant evidence ☑ 

Generalisability 21 Discuss the generalisability (external validity) of the study results ☑ 

Other information 

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the 

original study on which the present article is based ☑ 

 

*Give information separately for cases and controls. 

 

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 

examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the 

Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and 

Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-

statement.org. 

 


