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Abstract 84 

Background & Aims. The overall evidence on the association between gallbladder conditions 85 

(GBC: gallstones and cholecystectomy) and pancreatic cancer (PC) is inconsistent. To our 86 

knowledge, no previous investigations considered the role of tumour characteristics on this 87 

association. Thus, we aimed to assess the association between self-reported GBC and PC risk, by 88 

focusing on timing to PC diagnosis and tumour features (stage, location, and resection).  89 

Methods. Data derived from a European case-control study conducted between 2009 and 2014 90 

including 1,431 PC cases and 1,090 controls. We used unconditional logistic regression models to 91 

estimate odds ratios (ORs) and corresponding 95% confidence intervals (CIs) adjusted for 92 

recognized confounders.  93 

Results. Overall, 298 (20.8%) cases and 127 (11.6%) controls reported to have had GBC, 94 

corresponding to an OR of 1.70 (95%CI 1.33-2.16). The ORs were 4.84 (95%CI 2.96-7.89) for GBC 95 

diagnosed <3 years prior to PC and 1.06 (95%CI 0.79-1.41) for ≥3 years. The risk was slightly higher for 96 

stage I/II (OR=1.71, 95%CI 1.15-2.55) vs. stage III/IV tumours (OR=1.23, 95%CI 0.87-1.76); for tumours 97 

sited in the head of the pancreas (OR=1.59, 95%CI 1.13-2.24) vs. tumours located at the body/tail 98 

(OR=1.02, 95%CI 0.62-1.68); and for tumours surgically resected (OR=1.69, 95%CI 1.14-2.51) vs. non-99 

resected tumours (OR=1.25, 95%CI 0.88-1.78). The corresponding ORs for GBC diagnosed ≥3 years 100 

prior PC were close to unity.  101 

Conclusions. Our study supports the association between GBC and PC. Given the time-risk pattern 102 

observed, however, this relationship may be non-causal and, partly or largely, due to diagnostic 103 

attention and/or reverse causation. 104 

 105 

 106 

Keywords: Cholecystectomy; gallbladder condition; gallstones; pancreatic cancer risk; case-107 

control study. 108 

 109 
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INTRODUCTION 111 

Pancreatic cancer (PC) is a highly aggressive cancer with a very low survival rate at 5 years and is 112 

one of the few cancer sites for which mortality has not declined over the last few decades in 113 

Europe and North America (Siegel et al., 2017; Lucas et al., 2016). 114 

The fact that most patients are diagnosed in advanced stages impairs the efficiency of 115 

tertiary prevention to control PC. Therefore, there is an urgent need to detect PC at earlier stages 116 

by both defining a high-risk population and identifying robust screening tests. A better 117 

characterization of risk factors for PC will help developing targets and strategies for pancreatic 118 

cancer prevention and control. 119 

Among the well-established PC risk factors there are chronic morbidities such as chronic 120 

pancreatitis, type-2 diabetes mellitus, and obesity (Maisonneuve et al., 2010). A positive association 121 

between gallstones and/or cholecystectomy and PC has been reported in some but not all studies 122 

(La Vecchia et al., 1990; Olson 2012; Tavani et al., 2012; Gong et al., 2014; Fan et al., 2016). Few 123 

studies considered the timing of the condition, either gallbladder disease or cholecystectomy, in 124 

relation to PC diagnosis and stronger positive associations were reported when gallstones or 125 

cholecystectomy occurred in close temporal proximity to PC diagnosis (Olson 2012; Gong et al., 126 

2014; Fan et al., 2016). 127 

PC early clinical manifestation may resemble symptomatology of the gallbladder conditions 128 

(GBC, i.e., cholecystectomy and/or gallstones), a fact that may partly explain the stronger 129 

association when PC is diagnosed close in time to GBC. In this regard, the PC risk associated with 130 

GBC should be higher for tumours of the head than for those from the body or the tail of the 131 

pancreas. Therefore, considering the tumour features when assessing this association would shed 132 

light to this hypothesis. 133 

To the best of our knowledge, no other large investigation has thoroughly addressed the 134 

time-dependent association between GBC and PC by adjusting for the principal confounders and 135 

by considering clinical features. Therefore, in this study, we assessed the association between GBC 136 

and PC by focusing on timing between both conditions and explored, for the first time, how tumour 137 

features (i.e., stage, location, and resection) may affect this association. 138 
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METHODS 139 

Study population. Data derived from the European Study on Pancreatic Cancer Genetics and 140 

Epidemiology (PanGenEU) (Supplementary Annex), a case-control study conducted between 2009 141 

and 2014 in Spain, U.K., Germany, Ireland, and Sweden (Gomez-Rubio et al., 2017). Cases (N=292) 142 

from Italy were not considered for this analysis because of lack of controls from this country. 143 

Cases were 1,431 men (median age 66, range 30-93) and women (median age 67 range 22-97) 144 

with incident diagnosis of PC. Ascertainment of cases were done rapid during the diagnostic work 145 

up to ensure a high rate of responses.  146 

Controls were 1,090 men (median age 66, range 25-93) and women (median age 69, range 20-95) 147 

recruited from a hospital-based setting in all countries with exception of Ireland and Sweden where 148 

controls were population-based. Controls were age-, gender-, and geographical area- matched 149 

to cases. Eligible controls did not have previous history of PC and their primary diagnosis for hospital 150 

admission was not associated with known risk factors of PC. This criterion does not exclude that 151 

controls may have comorbidities associated with PC risk factors (Gomez-Rubio et al., 2017) 152 

(Supplementary Table 1). An overall response rate of 86.3% was observed for cases and 77.8% for 153 

controls. 154 

 The study protocols were approved by the ethical review boards of the participating 155 

centres, according to the regulations at the time of each study’s conduct, and all participants 156 

provided their informed consent before recruitment. 157 

 158 

Information. Data was collected through in-person interviews performed by trained health monitors 159 

applying similar structured questionnaires, including socio-demographic factors, anthropometric 160 

characteristics, smoking habits, alcohol consumption, past medical history, reproductive history, 161 

and family history of cancer. History of gallstones and cholecystectomy were self-reported, and 162 

included age at first diagnosis and/or age at surgery. The Irish centres included information on 163 

cholecystectomy only. Information on clinical data of PC (i.e., stage, location, resection) were 164 

collected for most of the Spanish cases (N=709). 165 

 166 
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Statistical analysis. Imputation of missing values in the GBC and covariates was performed with 167 

random forest using the missForest package in R software (Steckhoven et al., 2012). Based on the 168 

distribution of missing counts, data was assumed to be missing at random (Supplementary Table 2). 169 

Apart from the main variables used for the analyses, we also considered some auxiliary variables to 170 

improve imputation performance. Thus, we kept case-control status, country, centre, sex, age, 171 

GBC, smoking status, diabetes, pancreatitis, educational level, alcohol drinking status, body mass 172 

index together with weight and height, hypercholesterolemia, parity, and family history of PC. 173 

Imputation was performed with no maximum number of iteration and 100 trees. The robustness of 174 

missForest imputation was evaluated by randomly attributing missing values to the complete 175 

dataset, mimicking the missing proportions observed in the original dataset; an average correct 176 

assignment of 91% was obtained after imputation. Imputation performance was evaluated using 177 

out of bag error − where rates close to zero indicate good performance and rates close to one 178 

indicate bad performance – and was <0.21 (mean: 0.08, SD=0.07) for the main analytical variables. 179 

We also used missForest to impute missing values on tumour data for those centres providing this 180 

information (N=709), i.e., stage (18.3% missing values) and resection (1.7% missing values), while 181 

data on PC location has no missing value. When testing the robustness of missForest imputation, 182 

mimicking the missing proportions observed in the original dataset, the concordance rates for these 183 

variables were above 80%. 184 

To assess the association between previous GBC (i.e., a combined cholecystectomy and/or 185 

gallstones variable) and PC, we used unconditional logistic regression models to estimate the odds 186 

ratios (ORs) and the corresponding 95% confidence intervals (CIs). We also investigated the 187 

association with the duration of the GBC prior to PC diagnosis, as a categorical variable (<3, ≥3 188 

years); when both gallstones and cholecystectomy were reported for the same subject, the first 189 

occurred event was considered in the calculation of the duration. All models included terms for 190 

centre, sex, age, cigarette smoking, history of diabetes, history of pancreatitis, and family history of 191 

PC. The covariates were chosen by stepwise selection procedures following a 10% change criteria. 192 

Further allowance for selected factors (i.e., educational level, body mass index (BMI), alcohol 193 

consumption, parity, and self-reported cholesterol) did not meaningfully change the risk estimates 194 

and were not included to keep the model as parsimonious as possible. 195 
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We used additional models to assess the potential modifying effect of selected covariates, 196 

and we tested for heterogeneity across strata of the covariates using likelihood ratio tests and the 197 

resulting χ2 statistics. We also considered the effect of stratification by tumour stage, location, and 198 

resection on the association between PC and GBC for the subset of cases with available clinical 199 

data (N=709) compared to 600 controls from Spain. We obtained data on stage from a 200 

combination of clinical TNM and pathological TNM, since the latter was only available for resected 201 

tumours. 202 

 203 

RESULTS 204 

Table 1 gives the distribution of 1,431 PC cases and 1,090 controls according to the selected 205 

characteristics after the missing imputation procedure. Most of the study population was recruited 206 

in Spain (57.6%), followed by Ireland (18.4%), Germany (10%), Sweden (8.1%), and England (5.9%). 207 

Cases and controls had a similar distribution by age. The proportion of men was slightly higher 208 

among cases than controls: 56.7% vs. 52.4%, respectively. Cases reported more frequently to be 209 

smokers, to have had a history of diabetes, pancreatitis, and a family history of PC in first-degree 210 

relatives than controls. Considering the subset of subjects with clinical data available (N=709), most 211 

of the PC cases had III/IV stage tumours (64.9%), located at the head (69.1%), and had no surgical 212 

resection (62.9%). Characteristics of the original study population prior to missing imputation were 213 

not significantly different (data not shown). 214 

Table 2 shows the distribution of PC cases and controls by history of GBC and the 215 

corresponding ORs and 95%CI. Overall, 298 (20.8%) cases and 127 (11.6%) controls reported to 216 

have had a GBC, corresponding to a full-adjusted OR=1.70 (95%CI 1.33-2.16). The ORs differed 217 

according to the time GBC was diagnosed prior to PC, those being 4.84 (95%CI 2.96-7.89) for GBC 218 

<3 years and 1.06 (95% CI 0.79-1.41) for GBC ≥3 years. 219 

Considering the GBC separately, the OR was 1.29 (95%CI 0.99-1.68) for gallstones and 1.80 220 

(95% CI 1.35-2.40) for cholecystectomy. Both excess risks were restricted to recent diagnosis, the 221 

ORs being 2.55 (95%CI 1.54-4.24) for gallstones and 4.47 (95%CI 2.50-8.00) for cholecystectomy. 222 

Excluding the Irish centres, for which we imputed data for gallstones from the unique available 223 

variable on cholecystectomy, the ORs were 1.38 (95%CI 1.05-1.82) for an overall history of 224 
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gallstones, 2.54 (95%CI 1.53-4.21) for gallstones <3 years prior to PC, and 1.05 (95%CI 0.76-1.45) for ≥3 225 

years prior PC. 226 

Table 3 shows the ORs of GBC according to the strata of selected covariates. No significant 227 

heterogeneity was observed in risk estimates across strata for geographic area, sex, age, alcohol 228 

drinking, diabetes, BMI, hypercholesterolemia, and parity. The association between PC and GBC 229 

seemed to be stronger among never cigarette smokers (OR=2.11, 95%CI 1.49-2.98) than ever 230 

cigarette smokers (OR=1.39, 95%CI 0.99-1.95) (P for interaction=0.06). Similar patterns were found for 231 

GBC ≥3 years prior to PC diagnosis (P for interaction=0.01). We did not show the ORs in strata of 232 

other covariates (i.e., history of pancreatitis and family history of PC in first-degree relatives) due to 233 

insufficient number of subjects with the conditions across these strata. 234 

Table 4 provides the ORs for PC associated with GBC according to tumour features among 235 

709 Spanish cases and 600 Spanish controls. The ORs were slightly higher for stage I/II (OR=1.71, 236 

95%CI 1.15-2.55) than for stage III/IV (OR=1.23, 95%CI 0.87-1.76); for tumours sited in the head of the 237 

pancreas (OR=1.59, 95%CI 1.13-2.24) than for tumours located at the body/tail (OR=1.02, 95%CI 238 

0.62-1.68); and for surgically resected tumours (OR=1.69, 95%CI 1.14-2.51) than for non-resected 239 

cancers (OR=1.25, 95%CI 0.88-1.78). The corresponding ORs for GBC ≥3 years prior PC diagnosis 240 

were close to unity. 241 

 242 

DISCUSSION 243 

In this large study, we found that reporting of having suffered from a GBC, such as gallstones or 244 

cholecystectomy, was associated with a 70% excess risk of PC. However, the association was 245 

restricted to conditions diagnosed <3 years prior to PC diagnosis, whereas we observed no 246 

association with longer duration. Considering gallstones and cholecystectomy separately, we 247 

found a modest positive association with ever having had gallstones and a stronger association 248 

with ever having had a cholecystectomy. Nevertheless, both associations were, again, restricted to 249 

events in close temporal proximity to PC diagnosis. Moreover, the significant excess risk was stronger 250 

for PC diagnosed at low stage or in the head of the pancreas or those tumours surgically 251 

intervened within 3 years before PC diagnosis. 252 
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These findings are in agreement with most of the published studies on this topic (Olson 2012; 253 

Gong et al., 2014; Fan et al., 2016; Lin et al., 2016). A meta-analysis, updated to 2013 and based on 254 

10,000 PC cases, found a moderate excess risk in subjects with a history of cholelithiasis (summary 255 

relative risk, RR=1.25, 95%CI 1.10-1.41), with similar risk estimates across 15 case-control (summary 256 

RR=1.27, 95%CI 1.04-1.50) and 6 cohort (summary RR=1.25, 95%CI 1.02-1.48) studies (Gong et al., 257 

2014). Similarly, another meta-analysis, updated to 2014 and based on 45,000 PC, reported a 258 

summary RR of 1.31 (95%CI 1.19-1.43) for cholecystectomy: 1.48 (95%CI 1.23-1.77) in 13 case-control 259 

and 1.21 (95%CI 1.09-1.33) in 9 cohort studies (Fan et al., 2016). However, the results of these meta-260 

analyses should be considered with caution, since they observed significant heterogeneity 261 

between studies and significant publication bias. 262 

Only a few studies took into account the time period of GBC prior to PC diagnoses (Olson 263 

2012; Gong et al., 2014; Fan et al., 2016; Lin et al., 2016). Among these studies, the associations 264 

appeared stronger or were restricted when both conditions were closer in time. A meta-analysis 265 

found a summary RR of 1.04 (95%CI 0.87-1.21) in 8 studies (7 case-control and 1 cohort studies) 266 

investigating the association between PC and a history of cholelithiasis >1 year prior to PC diagnosis 267 

(Gong et al., 2014), whereas another meta-analysis reported a summary RR of 1.18 (95%CI 1.01-268 

1.38) in 6 studies (3 case-control and 3 cohort studies) on history of cholecystectomy ≥5 years prior 269 

to PC diagnosis (Lin et al., 2016). Nonetheless, although a stronger association with 270 

cholecystectomy was found close to PC diagnosis, there are few studies reporting a significant 271 

association for cholecystectomy several years prior to PC. These included two U.S. case-control 272 

investigations that found ORs=2.27 (95%CI 1.16-4.32) (Zhang et al., 2014) and 1.7 (95%CI 1.0-3.0) 273 

(Silverman et al., 1999) for subjects with a cholecystectomy at least 20 years prior to the diagnosis of 274 

PC, though the estimates were only based on 17 cases/32 controls and 21 cases/47 controls, 275 

respectively. 276 

The stronger association close to PC diagnosis suggests that GBC could be, partly or largely, 277 

an early manifestation of PC or a consequence of PC rather than a cause, indicating reverse 278 

causation. Moreover, subjects with GBC may undergo to a close surveillance and thus might be 279 

more likely to have PC diagnosed earlier (early-stage tumours) (Shabanzadeh et al., 2017). Or vice 280 

versa, since most of gallstones are asymptomatic (Stinton et al.,  2010), detection bias might also 281 
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occur as cases were more likely than controls to receive abdominal imaging examinations and 282 

thereby to be diagnosed with gallstones. Moreover, the association between PC and GBC could 283 

also be spurious (non-biological) just because both conditions share similar manifestations. 284 

To the best of our knowledge, no previous study has investigated the association with GBC 285 

and PC considering tumour features, such as tumour stage, location, and resection. We found a 286 

stronger excess risk in low stage PC cases, cancers located in the head, and resected cancers (as 287 

a consequence of stage I/II tumour). Potential explanations for the differences in the association 288 

between GBC and PC across these tumour features might be due to reverse causation, since 289 

tumours in the head of the pancreas might prompt symptoms of GBC (perhaps already existing 290 

and asymptomatic, but manifesting by the blockage of the bile duct due to a mass in the 291 

pancreatic head), which leads to better monitoring and finding of the PC cancer. In this case, we 292 

would then expect to potentially find earlier stages of PC that can be resectable. On the other 293 

hand, since the tumours in the body/tail are not expected to prompt GBC symptoms directly, these 294 

might probably be discovered at a more advanced stage and are less likely to be resectable. 295 

Conversely, another reason for the differences across clinical features strata might be direct 296 

causation, that is GBC induces PC in the head – due to proximity – through different putative 297 

mechanisms. Several hypotheses have been postulated to explain the possible association 298 

between gallstones, cholecystectomy and the development of PC. Firstly, gallstones might cause 299 

inflammation in the pancreas (Gomez-Rubio et al., 2017) and are the most common cause of 300 

acute pancreatitis, which is in turn a risk factor for PC (Lowenfels et al., 2002; Michaud et al., 2004). 301 

Secondly, bile acids may not only be indirectly associated to PC (since they are associated with 302 

most risk factors of PC), but they might also directly activate cancer signalling pathways due to 303 

their local tissue effects (Feng et al., 2016). It has been observed an increased release of 304 

cholecystokinin (one of the major regulator of pancreas growth) following gallbladder removal 305 

leading to hypertrophy and hyperplasia of the pancreas (Smith et al., 1990). It has also been 306 

proposed that secondary bile acids or leakage of the bile duct after cholecystectomy may have 307 

carcinogenic effects on the gastrointestinal tract (Nogueira et al., 2014). We found a slightly 308 

stronger association of PC with cholecystectomy (OR=1.80) than with gallstones (OR=1.29). This 309 

difference could be due to the fact that subjects who had undergone to a cholecystectomy had 310 
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a condition of greater severity, or they had an already symptomatic condition, leading to a more 311 

efficient clinical control. Finally, this difference could also be due to chance. However, when we 312 

stratified for duration, we observed no significant association for conditions diagnosed ≥3 years 313 

prior to PC diagnosis. This is consistent with the fact that GBC may be an early manifestation of PC 314 

or a consequence of PC. 315 

Some limitations should be considered when interpreting these results. Selection bias may 316 

be an issue in any case-control design. However, the participation rates in our study were high and 317 

similar between cases and controls, limiting the potential of such a bias. While sources of controls 318 

are both hospital and general population, all risk models are adjusted for “study centre”, among 319 

other variables, minimising the impact of this potential issue. In this study, the number of cases was 320 

greater than that of controls. However, provided the controls are selected independently of the 321 

exposure of interest, a smaller number of controls than cases would lead to a loss of power, but not 322 

necessarily to selection bias, nor biased frequency of exposure. (MacMahon&Trichopoulos, 1996). 323 

In addition, information on gallstones and cholecystectomy was self-reported, so a major concern 324 

might be misclassification of the exposure, although this may be less likely for surgery like 325 

cholecystectomy, regardless of whether they are cases or controls. Of note, self-reported history of 326 

cholelithiasis was found reliable in a previous case-control study (Bosetti et al., 2001).  327 

Our study has several strengths over previous studies. Firstly, our case sample size is very large 328 

and the study population was homogeneously recruited across all participating centres. We used 329 

data obtained through personal interviews conducted by trained monitors applying the same well-330 

structured questionnaire. We were thus able to adjust our risk estimates for major confounding 331 

variables, including smoking, diabetes, pancreatitis, obesity, and alcohol drinking. We examined 332 

the association between GBC and PC in terms of time since the diagnosis of the condition. The 333 

consistency of the associations across strata of most of the covariates excludes a major role of 334 

modifying effects or residual confounding. A relevant strength of this study is the possibility to 335 

explore how tumour features affect this association, something that has not been explored before. 336 

Although this analysis was conducted only on a subset of subjects with available data, the actual 337 

number of cases analysed was considerable. 338 



Rosato V et al. Gallbladder conditions and Pancreatic Cancer Risk (January 2020) 

13 

In conclusion, our study supports the association between GBC and PC. We have explored 339 

for the first time whether the effects of GBC on PC may be altered by different tumour 340 

characteristics. Our study reports higher risks for subjects with early stage tumours, cancers located 341 

in the head, and resected cancers. Given the time-risk pattern observed, however, these 342 

relationships may be non-causal and partly or largely due to increased diagnostic attention or 343 

reverse causation. 344 

345 
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Table 1. Distribution of 1,431 pancreatic cancer cases and 1,090 controls according to selected 355 

variables. PanGenEU 2009-2014. 356 

 Cases Controls 
No. % No. % 

Centre 

366 25.6% 272 25.0% East, Spain 
Center, Spain 424 29.6% 296 27.2% 
North-West Spain 63 4.4% 32 2.9% 
England 126 8.8% 22 2.0% 
Germany 142 9.9% 111 10.2% 
Ireland 173 12.1% 290 26.6% 
Sweden 137 9.6% 67 6.1% 

Sex 
811 56.7% 571 52.4% Men 

Women 620 43.3% 519 47.6% 
Age  

143 10.0% 129 11.8% < 50 
50 – <54 115 8.0% 99 9.1% 
55 – <59 152 10.6% 115 10.6% 
60 – <64 189 13.2% 114 10.5% 
65 – <69 263 18.4% 175 16.1% 
70 – <74 233 16.3% 154 14.1% 
≥ 75 336 23.5% 304 27.9% 

Cigarette smoking  
(pack/year, tertiles among controls) 

556 38.9% 526 48.3% Never 
<14 197 13.8% 196 18.0% 
14-<37.95 314 21.9% 181 16.6% 
≥37.95 364 25.4% 187 17.2% 

History of diabetes 
1045 73.0% 945 86.7% No diabetes 

Yes, diagnosed ≥3 years 234 16.4% 121 11.1% 
Yes, diagnosed less than 3 152 10.6% 24 2.2% 

History of pancreatitis 
1355 94.7% 1073 98.4% No 

Yes 76 5.3% 17 1.6% 
Family history of pancreatic cancer 

1327 92.7% 1054 96.7% No 
Yes 104 7.3% 36 3.3% 

Tumor features1     
Stage     

I/II 249 35.1% - - 
III/IV 460 64.9% - - 

Location2     
Head 428 69.1% - - 
Body/Tail 191 30.9% - - 

Surgical Resection     
No 446 62.9% - - 
Yes 263 37.1% - - 

1 Clinical features were available in a subset of Spanish cases (N=709). 357 
2 90 subjects had 'other' or 'unknown' location. 358 
 359 

360 
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Table 2. Distribution of 1,431 pancreatic cancer (PC) cases and 1,090 controls, and corresponding odds ratios (OR) and 95% confidence intervals 361 
(CI) according to gallbladder condition. 362 

 Cases Controls  OR (95% CI) 1  OR (95% CI) 2 
 No. % No. %     
Gallbladder condition 3         

No  1133 79.2% 963 88.4%  1 (Ref)  1 (Ref) 
Yes 298 20.8% 127 11.6%  1.82 (1.44-2.30)  1.70 (1.33-2.16) 

Years prior PC diagnosis         
<3 151 50.7% 20 15.7%  5.19 (3.20-8.41)  4.84 (2.96-7.89) 
≥3 147 49.3% 107 84.3%  1.15 (0.87-1.51)  1.06 (0.79-1.41) 
         

Gallstones 4         
No 1229 85.9% 978 89.7%  1 (Ref)  1 (Ref) 
Yes 202 14.1% 112 10.3%  1.37 (1.06-1.77)  1.29 (0.99-1.68) 

Years prior PC diagnosis         
<3 79 39.1% 21 18.8%  2.68 (1.63-4.39)  2.55 (1.54-4.24) 
≥3 123 60.9% 91 81.2%  1.05 (0.78-1.41)  0.98 (0.72-1.33) 

         
Cholecystectomy          

No 1222 85.4% 1007 92.4%  1 (Ref)  1 (Ref) 
Yes 209 14.6% 83 7.6%  1.91 (1.45-2.53)  1.80 (1.35-2.40) 

Years prior PC diagnosis         
<3 108 51.7% 14 16.9%  4.82 (2.72-8.55)  4.47 (2.50-8.00) 
≥3 101 48.3% 69 83.1%  1.26 (0.90-1.75)  1.18 (0.84-1.67) 

1 ORs were computed from unconditional logistic regression models adjusted for sex, age, and study centre. 363 
2 ORs were computed from unconditional logistic regression models adjusted for sex, age, and study centre, smoking, history of diabetes, history of pancreatitis, and 364 
family history of pancreatic cancer in first-degree relatives.  365 
3 Cholecystectomy and/or gallstones.  366 
4 Imputed values for the Irish centre (i.e., 2 (out of 173) cases and 14 (out of 290 controls) with gallstones).  367 
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Table 3. Distribution of 1,431 pancreatic cancer cases and 1,090 controls and odds ratios (OR) and 95% confidence intervals (CI) according to 368 

strata of selected covariates. PanGenEU, 2009-2014. 369 

 History of gallbladder condition 
No  Yes, overall  Yes,  <3 years  Yes,  ≥3 years 

Ca/Co1  Ca/Co1 OR (95% CI)2 P3  Ca/Co1 OR (95% CI)2 P3  Ca/Co1 OR (95% CI)2 P3 
Overall 1133/963  298/127 1.70 (1.33-2.16)   151/20 4.84 (2.96-7.89)   147/107 1.06 (0.79-1.41)  
Geographic area      0.13        0.82 

Spain  690/517  163/83 1.43(1.06-1.94)   77/19 2.86(1.68-4.87)   86/64 0.99(0.69-1.42)  
Other countries 443/446  135/44 2.24(1.48-3.39)   74/1 -   61/43 1.12(0.69-1.82)  

Sex      0.65    0.46    0.25 
Men   674/521  137/50 1.59(1.09-2.31)   84/11 4.20(2.15-8.18)   53/39 0.83(0.52-1.33)  
Women 459/442  161/77 1.75(1.27-2.42)   67/9 5.65(2.72-11.74)   94/68 1.18(0.82-1.71)  

Age      0.50    0.61    0.21 
<65 484/419  115/38 1.90(1.24-2.91)   78/9 5.81(2.78-12.13)   37/29 0.74(0.42-1.3)  
≥65 649/544  183/89 1.61(1.19-2.16)   73/11 4.2(2.16-8.16)   110/78 1.19(0.86-1.67)  

Cigarette smoking      0.06    0.74    0.01 
Never 422/462  134/64 2.11(1.49-2.98)   59/10 5.18(2.55-10.51)   75/54 1.46(0.97-2.19)  
Ever 711/501  164/63 1.39(0.99-1.95)   92/10 4.61(2.33-9.15)   72/53 0.76(0.50-1.14)  

Alcohol drinking 
 (drinks/day) 

    0.47    0.69    0.19 

<1 544/541  171/83 1.80(1.32-2.45)   78/14 4.73(2.59-8.65)   93/69 1.19(0.83-1.70)  
≥ 1 589/422  127/44 1.55(1.04-2.30)   73/6 5.82(2.44-13.88)   54/38 0.83(0.52-1.33)  

Diabetes      0.63        0.19 
No  834/839  211/106 1.72(1.32-2.26)   106/20 4.07(2.46-6.75)   105/86 1.13(0.82-1.55)  
Yes 299/124  87/21 1.67(0.94-2.99)   45/0 -   42/21 0.85(0.45-1.61)  

Body mass index (kg/m2)     0.08    0.45    0.10 
<30 894/772  235/88 1.91(1.44-2.53)   118/14 5.41(3.02-9.66)   117/74 1.19(0.86-1.67)  
≥30 239/191  63/39 1.31(0.78-2.18)   33/6 4.02(1.52-10.62)   30/33 0.79(0.43-1.45)  

Hypercholesterolemia     0.60    0.15    0.94 
No  728/602  199/91 1.62(1.21-2.17)   99/17 3.92(2.26-6.80)   100/74 1.05(0.74-1.49)  
Yes 405/361  99/36 1.99(1.28-3.11)   52/3 11.67(3.50-38.93)   47/33 1.08(0.65-1.81)  
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 History of gallbladder condition 
No  Yes, overall  Yes,  <3 years  Yes,  ≥3 years 

Ca/Co1  Ca/Co1 OR (95% CI)2 P3  Ca/Co1 OR (95% CI)2 P3  Ca/Co1 OR (95% CI)2 P3 
Parity4     0.58    0.60    0.41 

Nulliparae 68/70  22/9 1.82(0.69-4.79)   13/3 2.23(0.5-9.88)   9/6 1.51(0.42-5.49)  
<3 216/211  85/34 2.21(1.37-3.56)   35/5 6.02(2.21-16.4)   50/29 1.50(0.88-2.57)  
≥3 175/161  54/34 1.34(0.79-2.28)   19/1 -   35/33 0.89(0.50-1.59)  

1 The sum does not up to the overall because of some missing values in age at gallbladder condition. 370 
2 ORs were computed from unconditional logistic regression models adjusted for sex, age, and study centre, smoking, history of diabetes, history of pancreatitis, and 371 
family history of pancreatic cancer in first-degree relatives. Reference category: no gallbladder condition. 372 
3 p value for interaction. 373 
4 Among women only. 374 

375 
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Table 4. Odds ratios (OR) and 95% confidence intervals (CI) for gallbladder conditions according to pancreatic cancer (PC) features among 709 376 
PC cases and 600 controls with available information.  377 
  Controls (%) Cases, Stage  

  I/II III/IV 
  Cases (%)  OR (95% CI)1 OR (95% CI)2 Cases (%)  OR (95% CI)1 OR (95% CI)2 P 3 

Gallbladder condition                 
No 517 (86.2) 194 (77.9)  1 (Ref) 1 (Ref) 377 (82)  1 (Ref) 1 (Ref)  
Yes 83 (13.8) 55 (22.1)  1.81 (1.23-2.67) 1.71 (1.15-2.55) 83 (18)  1.36 (0.97-1.91) 1.23 (0.87-1.76) 0.08 
Years prior PC diagnosis               
Yes, <3y 19 (22.9) 32 (58.2)  4.69 (2.56-8.62) 4.64 (2.48-8.68) 31 (37.3)  2.12 (1.17-3.85) 1.93 (1.04-3.56) 0.002 

Yes, >3y 64 (77.1) 23 (41.8)  0.97 (2.56-8.62) 0.91 (0.54-1.53) 52 (62.7)  1.12 (0.75-1.67) 1.02 (0.67-1.54)  

  Controls (%) Cases, Location 4  

  Head Body/Tail 
  Cases (%)  OR (95% CI)1 OR (95% CI)2 Cases (%)  OR (95% CI)1 OR (95% CI)2 P 3 

Gallbladder condition                  
No 517 (86.2) 335 (78.3)  1 (Ref) 1 (Ref)  162 (84.8)  1 (Ref) 1 (Ref)  
Yes 83 (13.8) 93 (21.7)  1.71 (1.23-2.39) 1.59 (1.13-2.24) 29 (15.2)  1.13 (0.70-1.80) 1.02 (0.62-1.68) 0.05 
Years prior PC diagnosis               

Yes, <3y 19 (22.9) 45 (48.4)  3.74 (2.13-6.57) 3.60 (2.02-6.44) 9 (31.0)  1.45 (0.63-3.33) 1.20 (0.49-2.93) 0.008 

Yes, >3y 64 (77.1) 48 (51.6)  1.12 (0.75-6.57) 1.03 (0.67-1.56) 20 (69.0)  1.02 (0.59-1.77) 0.97 (0.55-1.70)  

  Controls (%) Cases, Surgical Resection versus Non-resection  

  Resection No resection 
  Cases (%)  OR (95% CI)1 OR (95% CI)2 Cases (%)  OR (95% CI)1 OR (95% CI)2 P 3 

Gallbladder condition                 
No 517 (86.2) 205 (77.9)  1 (Ref) 1 (Ref)  366 (83.1)  1 (Ref) 1 (Ref)   
Yes 83 (13.8) 58 (22.1)  1.85 (1.26-2.71) 1.69 (1.14-2.51) 80 (17.9)  1.33 (0.94-1.87) 1.25 (0.88-1.78) 0.06 
Years prior PC diagnosis               

Yes, <3y 19 (22.9) 33 (56.9)  4.48 (2.45-8.18) 4.25 (2.29-7.87) 30 (37.5)  2.16 (1.18-3.94) 1.99 (1.07-3.73) 0.003 

Yes, >3y 64 (77.1) 25 (43.1)  1.04 (0.63-1.72) 0.92 (0.55-1.55) 50 (62.5)  1.08 (0.72-1.62) 1.03 (0.68-1.56)  
1 ORs were computed from unconditional logistic regression models adjusted for sex, age, and study centre. 378 
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2 ORs were computed from unconditional logistic regression models adjusted for sex, age, and study centre, smoking, history of diabetes, history of pancreatitis, and 379 
family history of pancreatic cancer in first-degree relatives. 380 
3  P value was calculated by comparing the models adjusted as in footnote 2 using the likelihood ratio test. 381 
4 90 subjects had 'other' or 'unkown' location and were not included in this analysis.382 
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