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Background: The current knowledge on pancreatic ductal adenocarcinoma (PDAC) risk factors is limited 

and no study has comprehensively tested the exposome in combination with the genetic variability in 

relation to the disease susceptibility. 

Aim: The aim of this study was to analyze the exposome and its interaction with known genetic suscep- 

tibility loci, in relation to PDAC risk. 

Methods: A case-control study nested in UK Biobank cohort was conducted on 816 PDAC cases and 

302,645 controls. A total of 347 exposure variables, and a polygenic risk score (PRS) were analyzed 

through logistic regression. Gene-environment interaction analyses were conducted. 

Results: A total of 52 associations under the Bonferroni corrected threshold of p < 1.46 × 10−4 were 

observed. Known risk factors such as smoking, pancreatitis, diabetes, PRS, heavy alcohol drinking and 

overweight were replicated in this study. As for novel associations, a clear indication for length and in- 

tensity of mobile phone use and the stress-related factors and stressful events with increase of PDAC risk 

was observed. Although the PRS was associated with PDAC risk ( P = 2.09 × 10−9 ), statistically significant 

gene-exposome interactions were not identified. 

Conclusion: In conclusion, our results suggest that a stressful lifestyle and sedentary behaviors may play 

a major role in PDAC susceptibility independently from the genetic background. 

© 2023 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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. Background 

Pancreatic ductal adenocarcinoma (PDAC) is the 8th most com- 

on form of cancer in Europe and has a survival rate that ap- 

roaches 11% at 5 years after diagnosis [1 , 2] . PDAC is a complex

isease that arises from the interplay of many independent vari- 

bles. Several lifestyle and environmental exposure such as smok- 

ng and obesity have been identified to be risk factors, and condi- 

ions such as type 2 diabetes mellitus and chronic pancreatitis also 

lay a substantial role in the development of PDAC [3 , 4] . Moreover,
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everal common low penetrance genetic mutations, the majority of 

hich single nucleotide polymorphisms (SNPs) increase the risk of 

eveloping the disease [5] . Most of the loci have been discovered 

hrough genome-wide association studies (GWAS) [6–11] , while a 

mall number have been identified though large multicentric can- 

idate region or candidate gene approaches [12–20] . Additionally, 

ther markers such as telomere length or mitochondrial copy num- 

er variation have also been suggested to play a role [21 , 22] . How-

ver, in comparison with more common cancers our knowledge is 

imited on both genetic and non-genetic factors. Gene-environment 

nteractions studies have also been attempted but only consider- 

ng small numbers of SNPs or environmental risk factors [23] . The 

dentification of additional risk factors, either external or endoge- 

ous, will be instrumental in better understanding the disease and 
rologica Italiana S.r.l. This is an open access article under the CC BY-NC-ND license 
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n the long term to establish preventive and screening programs to 

dentify high risk individuals. 

However, considering the complexity of the disease, to focus 

nly on a small number of exposures will hardly be informative 

n the individual risk of developing PDAC. Instead, a more com- 

rehensive approach must be considered. 

The aim of this study was to comprehensively analyze the ex- 

osome, defined as the measures of all exposures to risk factors, 

uch as dietary habits, smoking and alcohol consumption, physi- 

al activity, and the effect of environmental pollution in relation to 

DAC risk. Furthermore, an additional aim was to identify possible 

ene-exposome interactions. 

. Materials and methods 

.1. UK Biobank (UKBB) and outcomes of interest 

UKBB is a large population-based prospective cohort, where 

round 50 0,0 0 0 participants aged 37–73 have been recruited from 

006 to 2010 across the United Kingdom. Information on the par- 

icipants lifestyle and health data at baseline or follow-up as- 

essments were collected via touchscreen questionnaires, physical 

easurements, and through the analysis of biological samples. The 

tudy protocol has been described elsewhere in detail [24] . All par- 

icipants provided informed written consent before data collection. 

he UKBB study was approved by the Northwest Multicenter Re- 

earch Ethical Committee (MREC). Lifestyle, environmental and ge- 

etic data of UKBB participants were obtained from UKBB (project 

D 66591). 

Considering that they represent the vast majority, only subjects 

dentified as having a white ethnic background were included: 

pecifically, codes 1 (white), 1001 (British), 1002 (Irish) or 1003 

any other white background) of the field 21,0 0 0 were used, for a 

otal of 472,622 subjects. PDAC cases were selected using data from 

he United Kingdom cancer registry (field 40,006) where diagnoses 

re coded according to the International Classification of Disease 

ersion 10 (ICD-10). The ICD codes were converted from version 10 

o version 11 using a reference provided by the World Health Orga- 

ization (WHO), accessible at https://icd.who.int/browse11/l-m/en . 

he code used to select subjects with exocrine pancreatic can- 

er is 2C10. In addition, the fields ‘histology of cancer tumour 

40,011) and’ ‘behaviour of cancer tumour’ (40,012) were used in 

ombination with ‘type of cancer - ICD10’ (40,006). These two 

elds (provided by the UK cancer registry) contain the numeric 

odes describing the histology and behaviour of the tumour. From 

0,011, we selected only codes identifying PDAC (8140, 8211, 8260, 

440, 8452, 8472, 84 80, 84 81, 84 90, 8500, 8503, 8550 and 8571);

hereas from 40,012, we selected only codes identifying malignant 

nd microinvasive tumours (3 and 5, respectively). In addition to 

eld 40,006, UKBB uses also a field for self-reported tumors (field 

0,001) and hospital inpatients diagnosis (field 41,270). These two 

elds were not used in this study to select PDAC cases, but all 

ndividuals that had no value in any of the three fields (40,006, 

0,001, 41,270) where defined as controls. Following these criteria, 

 total of 816 PDAC cases and 302,645 controls were used in this 

tudy. 

The selection of cases and controls was done using KNIME, a 

ree and open-source data analysis tool. 

.2. Exposome variables 

A total of 347 exposure variables, grouped in 28 categories were 

nalyzed (a complete list of variables used, alongside the category 

hey belong, and the measurement unit used is reported in Sup- 

lementary Table 1). Correlation matrixes were used to calculate 

ntra-category correlation to identify the number of independent 
1055
ariables. Continuous and categorical variables were kept separate 

o calculate correlation using Pearson and Cramer’s V tests, respec- 

ively. The threshold to declare the variables to be independent 

as r = 0.90. When variables were correlated among them only 

ne was used in the regression analysis (keeping the variable that 

xpressed a more general value, for example for time spend out- 

oors was kept instead of time spend outdoors in summer). Six 

ariables (Apolipoprotein A, LDL-direct, severity of manic/irritable 

pisode, direct bilirubin, greenspace percentage and time spent 

utdoors in summer) were thus dropped from the list. The cor- 

elation matrixes are shown in Supplementary File 1. 

The implementation of correlation matrices was carried out in 

he python programming language using the following libraries: 

andas, numpy, and matplotlib. 

.3. Polygenic risk score 

A PRS was computed using all known PDAC susceptibility SNPs, 

dentified through GWAS and/or with candidate gene/region ap- 

roaches. All SNPs showed p < 5 × 10−8 for association with PDAC 

isk in the original publication where they were reported. The 

ethod has been described in detail by Galeotti and colleagues 

25] . Briefly, the weighted score was generated multiplying the 

umber of risk alleles for the beta reported in the literature by 

WAS on PDAC susceptibility. Subsequently, from the sum of each 

roduct a weighted score for each individual was generated. The 

omputed score was used as a categorical variable, calculating the 

uintiles based on the distribution in controls as reported by Gale- 

tti and colleagues [25] . 

The PRS was calculated using the python programming lan- 

uage, specifically using the following libraries: pandas and numpy. 

.4. Statistical analysis 

A total of 341 independent exposome variables were analyzed 

o test their association with PDAC risk. Unconditional logistic re- 

ression analysis, adjusted for age and sex was used, calculating 

dds Ratios (OR) and the relative 95% confidence intervals (95%CI). 

or categorical variables the lowest category was set as reference 

 e.g., nondrinkers for alcohol consumption). Considering multiple 

esting the threshold used to declare statistical significance was 

 = 0.05/341 = 1.46 × 10−4 . Additionally, a multivariable model 

ncluding all variables with < 25% of missing values and a statisti- 

ally significant association was also carried out. 

All logistic regression analyses including the multivariable 

odel were calculated using RStudio software. 

.5. GxE analysis 

Gene – environment interaction analyses (GxE) were performed 

or the UKBB variables that showed an association with PDAC risk 

ith p-values lower than the Bonferroni correction. Unconditional 

ogistic regression models were carried out, adjusting for age and 

ex, but an interaction term was introduced in each model: 

ogit( P DAC ) = β0 + β1 Age + β2 Sex + β3 E + β4 P RS + β5 E ∗ P RS 

In the formula above, PDAC is the binary outcome modelled 

s 0 (control) or 1 (case), β is the coefficient for every predictor 

ncluded in the model, E is one of the UKBB exposures, and PRS 

s the continuous PRS. GxE analyses were performed with RStudio 

oftware. 

. Results 

To test their association with PDAC risk, 341 exposome variables 

nd a PRS were analyzed in 816 PDAC cases and 302,645 controls 

https://icd.who.int/browse11/l-m/en
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Fig. 1. General overview of pancreatic ductal adenocarcinoma risk categories. The figure shows the categories and the variables that have a significant association below 

the Bonferroni-corrected threshold with increased or decreased risk of developing PDAC. In red are the categories that increase the risk of developing pancreatic ductal 

adenocarcinoma and in green those that decrease it. 
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rom the UKBB cohort. A total of 52 associations under the Bonfer- 

oni corrected threshold of p < 1.46 × 10−4 were observed ( Fig. 1 ). 

everal known associations with PDAC risk, such as smoking, pan- 

reatitis, type 2 diabetes mellitus, the PRS, heavy alcohol drink- 

ng, overweight and high percentage of fat mass in body composi- 

ion, were confirmed in this study Specifically, smoking showed a 

trong association with PDAC risk. In particular, a variable labeled 

s “pack years adult smoking as proportion of life span exposed 

o smoking” as proposed by Tobin was used in the analysis. This 

ariable considers for each individual the pack years smoked, only 

hen they were smokers and better captures smoking intensity. 

his variable showed a strong increase in risk for individuals that 

moked many cigarettes in a short period of time. The analysis in- 

icates an almost two-fold increase of risk for each unit increase 

f the variable, expressed as pack years / age at recruitment – 16 

OR = 1.83, 95%CI: 1.55–2.16, p = 8.12 × 10−13 ). Maternal smoking 

round birth was also associated with increased risk (OR = 1.47, 

5%CI: 1.24–1.73, p = 4.95 × 10−6 ). Pancreatitis and type 2 dia- 

etes mellitus were also associated with increased risk of devel- 

ping PDAC (OR = 5.85, 95%CI: 3.93–8.42, p = 7.97 × 10−20 and 

R = 1.47, 95%CI: 1.20–1.79, p = 1.44 × 10−4 respectively). The 

RS analysis showed also that individual in the highest quintile 

 i.e., individuals with the highest number of risk alleles) had over 

wo-fold increased risk of developing PDAC compared to individ- 

als in the lowest quintile (OR = 2.25, 95%CI: 1.73–2.95 95%CI, 

 = 3.70 × 10−9 ). 
1056
Heavy drinkers (more than ten drinks per day on aver- 

ge), compared with nondrinkers showed a very strong effect 

OR = 9.73, 95% CI: 3.02–26.74, p = 4.40 × 10−5 ). However, this 

ssociation arise from an analysis conducted on a small number of 

ndividuals. Weight was also strongly associated with a 2% increase 

n risk for each kg, OR 1.02 95%CI: 1.01–1.02 p = 3.38 × 10−10 . 

Focusing on analysis for which information was available for 

t least half of the PDAC patients, we observed several novel as- 

ociations. For example, the use of mobile phones both as dura- 

ion (length of mobile phone use) and intensity (weekly usage of 

obile phone in last 3 months) were strongly associated with in- 

reased PDAC risk (OR = 1.88 95%CI: 1.53–2.31, p = 1.81 × 10−9 

nd OR = 4.70 95%CI: 2.71–7.64, p = 3.93 × 10−9 , respectively for 

he analyses comparing the highest with the lowest categories). 

everal blood metabolites showed statistically significant associa- 

ion with PDAC risk, such as IGF-1 levels (OR = 1.47, 95%CI: 1.22–

.76, p = 3.80 × 10−5 ) and SHBG levels (OR = 0.59 95%CI: 0.48–

.71, p = 9.35 × 10−8 ). 

Additionally, eight exposures related to lifestyle, work dura- 

ion and income (own or rent accommodation lived in, number of 

eople living in the household, number of vehicles in the house- 

old, average total household income before tax, length of working 

eek for main job, frequency of travelling from home to job work- 

lace, current employment status and driving faster than motor- 

ay speed limit) showed a statistically significant association with 

DAC. The results of the statistically significant associations with 
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Fig. 2. Manhattan plot of all variables analyzed. The x-axis shows the 28 categories analysed, while the y-axis shows the logarithm in base ten of the p-value. The solid 

red line represents a p -value threshold of 0.05, while the dashed red line represents the p-value threshold using the Bonferroni correction ( p -value = 1.46 × 10−4 ). For each 

category, the name of the variable with the highest significance that exceeded the Bonferroni correction was shown in the figure. 
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onferroni correction are reported in Table 1 . The results of all the 

nalysis are reported in Fig. 2 and Supplementary Table 2. 

Most of the associations observed in the univariable analysis 

ere substantially confirmed by the results of the multivariable 

nalysis. The variables that showed a statistically significant asso- 

iation are: the PRS, urea, gamma glutamyltransferase and SHBG 

oncentration, systolic blood pressure, hand grip strength, accom- 

odation lived in, number of vehicles in household, average to- 

al household income before tax, current employment status, ill- 

ess/injury/bereavement/stress in last 2 years, pancreatitis, type 2 

iabetes mellitus, age of the first sexual intercourse, current to- 

acco smoking, pack years adult smoking as proportion of life span 

xposed to smoking, pack years of smoking and time spent out- 

oors. It should be noted, however, that the multivariable analysis 

as only carried out in a small subset of individuals (248 cases and 

3,615 controls) and for those variables with a number of missing 

alues lower than 25% (number of variables = 39). The results of the 

ultivariable analysis are reported in Table 1 . 

The gene-environment interaction showed three interesting as- 

ociations. Specifically, an interaction was observed between the 

RS and two stress-related variables, current employment status 

ORinteraction = 0.74, 95%CI: 0.56–0.99, p = 4.16 × 10−2 ) and fed-up 

eeling (ORinteraction = 1.42, 95%CI: 1.08–1.88, p = 1.31 × 10−2 ). In 

ddition to these two interactions, one was also observed between 

he PRS and time spent outdoor (ORinteraction = 1.13, 95%CI: 1.04–

.22, p = 2.31 × 10−3 ). However, none remained significant after 

onferroni correction ( p = 9.09 × 10−4 ). 

. Discussion 

This study represents the first attempt to comprehensively an- 

lyze the exposome in combination with genetic variability ex- 

ressed as a PRS in relation to PDAC risk. We observed 52 as- 

ociations (51 exposome variables + the PRS) that remained sig- 
1057
ificant after correction for multiple testing. Alongside known as- 

ociations such as smoking, heavy alcohol intake, body weight, 

ype 2 diabetes mellitus and chronic pancreatitis we identified 

9 new ones [26] . Of particular interest is the association be- 

ween long mobile phone use and increased risk of PDAC. Indi- 

iduals who used a mobile phone for more than eight years have 

n almost two-fold increase of risk compared to individuals that 

ever used it ( p = 1.81 × 10−9 ). Additionally, individuals who 

se the mobile phone for more than 6 h weekly have an almost 

ve-fold risk increase compared to individuals who do not use it 

 p = 3.93 × 10−9 ). It is unlikely that the mobile phone use per se

ould be the cause of the association, but it could represent in- 

tead a very good proxy for a low level of physical activity. 

In the past, the majority of the time spent in sedentary activi- 

ies was represented by watching television [26–28] , but it is pos- 

ible that now this has been replaced by other activities such as 

sing smartphones or tablets. This association has never been re- 

orted in the literature, probably because the majority of cohorts 

tudies have not included this variable in the questionnaires ad- 

inistered to the subjects. 

Other association that are particularly striking are those related 

o income and the level of education obtained from the partici- 

ants. Higher income, living in own house without paying mort- 

age, having a college or university degree, and longer working 

eeks are all associated with increased risk of developing PDAC. 

ll these associations are highly statistically significant, with p - 

alues ranging from 1.85 × 10−8 to 2.00 × 10−16 and have a strong 

ffect on the disease risk with ORs ranging from 1.77 to 4.18 for 

he categorical variables and an increase of 2% risk associated to 

ach working hour increment. It is highly unlikely that these vari- 

bles are directly associated to the risk of developing PDAC, in- 

tead a possible explanation is that they are all proxies for stress, 

nd therefore that stress plays a major role in pancreatic carcino- 

enesis. To support this hypothesis, we also observed that stress- 
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Table 1 

Results of statistically significant associations with P -value under the Bonferroni correction. 

Variables 

Units of 

measure 

N ° subjects 

(case/control) 

% missing 

value Univariate analysis Multivariable analysis 

OR (95%CI) A P -value B OR (95%CI) A P -value B 

Amount of alcohol drunk on a typical 

drinking day 

Unit of alcohol 100,627 (126/100,501) 33.15% – – – –

0–0 7905 (12/7893) Ref – – –

1–1 or 2 46,487 (63/46,424) 0.85 (0.47–1.82) 7.20E−01 – –

2–3 or 4 25,652 (24/25,628) 1.14 (0.54–2.53) 7.41E−01 – –

3–5 or 6 11,536 (15/11,521) 1.84 (0.78–4.44) 1.66E−01 – –

4–7, 8 or 9 6287 (6/6281) 2.53 (0.83–7.05) 8.43E−02 – –

5–10 or more 2760 (6/2754) 9.37 (3.02–26.74) 4.40E−05 – –

Frequency of consuming six or more 

units of alcohol 

– 92,885 (114/92,771) 69.39% – – – –

1 - Never 44,954 (60/44,894) Ref – – –

2 - Less than monthly 23,449 (31/23,418) 2.25 (1.36–3.67) 1.26E−03 – –

3 - Monthly 8544 (3/8541) 0.93 (0.22–2.60) 9.04E−01 – –

4 - Weekly 12,718 (16/12,702) 3.84 (1.98–7.09) 3.22E−05 – –

5 - Daily or almost daily 3220 (4/3216) 2.16 (0.56–6.13) 1.97E−01 – –

Whole body fat free mass kg 297,995 (796/297,199) 1.80% 1.06 (1.04–1.07) 2.39E−22 1.00 (0.64–1.55) 9.95E−01 

Whole body water mass kg 298,020 (796/297,224) 1.79% 1.08 (1.06–1.09) 6.85E−22 1.05 (0.58–1.90) 8.80E−01 

Standing height cm 302,426 (813/301,613) 0.34% 1.04 (1.03–1.06) 1.21E−14 1.02 (0.99–1.05) 2.70E−01 

Weight kg 302,225 (813/301,412) 0.41% 1.02 (1.01–1.02) 3.38E−10 0.99 (0.97–1.02) 5.64E−01 

Albumin g/L 260,818 (710/260,110) 14.05% – – – –

Tertile 1 (20.67–44.23) 86,421 (247/86,174) Ref – Ref –

Tertile 2 (44.24–46.37) 86,002 (269/85,733) 1.44 (1.20–1.72) 5.80E−05 1.32 (0.95–1.83) 9.88E−02 

Tertile 3 (46.38–59.8) 88,395 (194/88,203) 1.38 (1.14–1.68) 9.25E−04 1.34 (0.93–1.91) 1.14E−01 

Alanine aminotransferase U/L 284,681 (759/283,924) 6.19% – – – –

Tertile 1 (3.01–16.89) 93,952 (208/93,744) Ref – Ref –

Tertile 2 (16.9–24.29) 93,935 (258/93,677) 1.07 (0.89–1.30) 4.59E−01 0.8 (0.55–1.16) 2.44E−01 

Tertile 3 (24.3–491.03) 96,794 (293/96,503) 1.54 (1.28–1.86) 5.26E−06 1.06 (0.71–1.56) 7.84E−01 

Urea mmol/L 284,595 (760/283,837) 6.22% – – – –

Tertile 1 (0.81–4.75) 94,641 (205/94,436) Ref – Ref –

Tertile 2 (4.76–5.76) 93,355 (246/93,109) 0.79 (0.65–0.95) 1.45E−02 0.83 (0.58–1.20) 3.30E−01 

Tertile 3 (5.77–38.2) 96,599 (309/96,292) 0.64 (0.53–0.76) 1.11E−06 0.67 (0.47–0.96) 2.99E−02 

Gamma glutamyl transferase U/L 284,641 (758/283,885) 6.20% – – – –

Tertile 1 (0.995–20.4) 94,280 (165/94,115) Ref – Ref –

Tertile 2 (20.5–33.5) 93,595 (255/93,340) 1.14 (0.93–1.40) 1.98E−01 1.3 (0.86–1.97) 2.09E−01 

Tertile 3 (33.6–1162.1) 96,766 (338/96,430) 1.52 (1.25–1.85) 3.86E−05 2.16 (1.41–3.31) 3.87E−04 

IGF-1 nmol/L 283,309 (757/282,554) 6.64% – – – –

Tertile 1 (1.909–19.03) 93,547 (296/93,251) Ref – Ref –

Tertile 2 (19.031–23.578) 93,502 (249/93,253) 1.22 (1.02–1.45) 2.56E−02 0.95 (0.68–1.32) 7.45E−01 

Tertile 3 (23.579–124.818) 96,260 (212/96,050) 1.47 (1.22–1.76) 3.80E−05 1.31 (0.92–1.86) 1.31E−01 

SHBG nmol/L 258,279 (705/257,576) 14,89% – – – –

Tertile 1 (0.39–36.28) 85,247 (236/85,011) Ref – Ref –

Tertile 2 (36.29–55.9) 85,257 (251/85,006) 0.66 (0.55–0.79) 9.34E−06 0.68 (0.48–0.95) 2.54E−02 

Tertile 3 (55.91–241.58) 87,775 (218/87,559) 0.59 (0.48–0.71) 9.35E−08 0.59 (0.39–0.87) 8.63E−03 

Systolic blood pressure (manual 

reading) 

mmHg 281,959 (769/281,190) 7.09% 0.99 (0.98–0.99) 2.67E−10 0.99 (0.98–0.99) 5.88E−04 

Diabetes – 303,461 (816/302,645) 0% – – – –

0 - No 285,863 (693/285,170) Ref – Ref –

1 - Yes 17,598 (123/17,475) 1.47 (1.20–1.79) 1.44E−04 0.28 (0.14–0.55) 2.75E−04 

Ever taken cannabis – 100,772 (126/100,646) 66.79% – – – –

0 - No 77,400 (97/77,303) Ref – – –

1 - Yes, 1–2 times 9826 (13/9813) 2.75 (1.31–5.24) 3.86E−03 – –

2 - Yes, 3–10 times 5941 (5/5936) 3.38 (1.10–8.15) 1.52E−02 – –

3 - Yes, 11–100 times 4729 (8/4721) 13.91 (5.48–30.42) 1.05E−09 – –

4 - Yes, more than 100 times 2876 (3/2873) 11.88 (2.68–35.92) 1.16E−04 – –

Maternal smoking around birth – 261,788 (685/261,103) 13.73% – – – –

0 - No 182,369 (467/181,902) Ref – Ref –

1 - Yes 79,419 (218/79,201) 1.47 (1.24–1.73) 4.95E−06 1.25 (0.93–1.68) 1.44E−01 

Qualifications – 298,772 (801/297,971) 1.55% – – – –

7 (ex −7) - None of the above 46,927 (182/46,745) Ref – Ref –

1 - College or university degree 100,439 (234/100,205) 1.78 (1.46–2.17) 1.45E−08 1.58 (0.99–2.53) 5.60E−02 

2 - Advanced (A)levels/ Advanced 

Subsidiary (AS) levels or equivalent 

35,013 (65/34,948) 1.43 (1.07–1.90) 1.50E−02 0.74 (0.38–1.46) 3.88E−01 

3- Ordinary (O) levels/ General 

Certificate of Secondary Education 

(GCSEs) or equivalent 

64,826 (172/64,654) 1.48 (1.19–1.83) 3.34E−04 0.97 (0.59–1.60) 9.17E−01 

4 - Certificate of Secondary Education 

(CSEs) or equivalent 

17,548 (25/17,523) 2.55 (1.62–3.84) 2.03E−05 1.57 (0.6–4.14) 3.61E−01 

5 - National Vocational Qualifications 

(NVQ) or Higher National Diplomas 

(HND) or Higher National Certificates 

(HNC) or equivalent 

19,284 (71/19,213) 1.77 (1.32–2.34) 8.36E−05 1.57 (0.87–2.82) 1.34E−01 
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Table 1 ( continued ) 

Variables Units of 

measure 

N ° subjects 

(case/control) 

% missing 

value 

Univariate analysis Multivariable analysis 

OR (95%CI) A P -value B OR (95%CI) A P -value B 

6 - Other professional qualifications 14,735 (52/14,683) 1.20 (0.87–1.63) 2.52E−01 1.34 (0.73–2.46) 3.53E−01 

Age high blood pressure diagnosed Years 67,251 (272/66,979) 77.84% – – – –

Tertile 3 (57–70) 19,127 (107/19,020) Ref – – –

Tertile 2 (48–56) 25,241 (102/25,139) 2.40 (1.81–3.19) 1.40E−09 – –

Tertile 1 (18–47) 22,883 (63/22,820) 2.81 (2.02–3.88) 4.51E−10 – –

Hand grip strength (right) kg 301,866 (810/301,056) 0.53% 1.04 (1.03–1.05) 8.34E−14 1.03 (1.01–1.05) 1.26E−03 

Own or rent accommodation lived in 300,587 (808/300,234) 0.95% – – – –

1 - Own outright (by you or someone in 

your household) 

151,050 (553/150,952) Ref – Ref –

2 - Own with a mortgage 120,391 (175/120,216) 2.91 (2.43–3.48) 2.00E−16 2.34 (1.67–3.28) 8.85E−07 

3 - Rent - from local authority, local 

council, housing association 

15,759 (60/15,699) 1.72 (1.30–2.25) 9.79E−05 1.79 (0.8–4.04) 1.59E−01 

4 - Rent - from private landlord or 

letting agency 

8920 (12/8908) 1.04 (0.54–1.78) 9.07E−01 0.66 (0.15–2.85) 5.75E−01 

5 - Pay part rent and part mortgage 

(shared ownership) 

859 (1/858) 0.78 (0.04–3.52) 8.03E−01 NA NA 

6 - Live in accommodation rent free 3608 (7/3601) 1.29 (0.55–2.54) 5.09E−01 0.62 (0.08–4.85) 6.48E−01 

Number in household Peoples 301,882 (810/301,072) 0.52% 1.07 (1.03–1.10) 3.94E−05 1.08 (1.00–1.17) 5.71E−02 

Number of vehicles in household – 301,707 (811/300,896) 0.58% – – – –

1 - None 24,224 (80/24,144) Ref – Ref –

2 - One 122,651 (353/122,298) 0.79 (0.62–1.02) 6.64E−02 1.72 (0.73–4.06) 2.12E−01 

3 - Two 118,624 (297/118,327) 1.16 (0.90–1.50) 2.68E−01 2.38 (0.98–5.77) 5.60E−02 

4 - Three 27,411 (62/27,349) 2.03 (1.43–2.86) 6.45E−05 3.08 (1.14–8.30) 2.64E−02 

5 - Four or more 8797 (19/8778) 2.36 (1.37–3.87) 1.12E−03 1.90 (0.51–7.01) 3.38E−01 

Average total household income 

before tax 

£ 261,483 (683/260,800) 13.83% – – – –

1 - Less than 18,000 53,118 (185/52,933) Ref – Ref –

2 - 18,000 to 30,999 63,795 (206/63,589) 1.34 (1.10–1.65) 4.48E−03 1.63 (1.06–2.51) 2.72E−02 

3 - 31,000 to 51,999 70,482 (158/70,324) 2.02 (1.62–2.51) 3.89E−10 1.28 (0.77–2.13) 3.37E−01 

4 - 52,000 to 100,000 58,247 (104/58,143) 3.39 (2.63–4.36) 2.00E−16 2.16 (1.24–3.78) 6.58E−03 

5 - Greater than 100,000 15,841 (30/15,811) 4.18 (2.74–6.16) 3.49E−12 1.98 (0.92–4.25) 8.05E−02 

Length of working week for main job Hours 184,471 (336/184,135) 39.21% 1.03 (1.02–1.03) 2.85E−11 – –

Frequency of travelling from home to 

job workplace 

Times 183,706 (328/183,378) 39.46% 1.03 (1.01–1.05) 9.45E−06 – –

Current employment status – 302,554 (815/301,739) 0.30% – – – –

1 - In paid employment or 

self-employed 

187,005 (336/186,669) Ref – Ref –

2 - Retired 89,842 (413/89,429) 0.18 (0.15–0.21) 2.00E−16 0.22 (0.16–0.31) 2.00E−16 

3 - Looking after home and/or family 8493 (13/8480) 0.93 (0.50–1.60) 8.15E−01 1.05 (0.33–3.38) 9.34E−01 

4 - Unable to work because of sickness 

or disability 

8916 (35/8881) 3.63 (2.47–5.19) 8.30E−12 5.22 (2.3–11.87) 8.05E−05 

5 - Unemployed 4714 (13/4701) 3.83 (2.04–6.58) 6.04E−06 5.61 (1.91–16.46) 1.71E−03 

6 - Doing unpaid or voluntary work 1395 (3/1392) 0.30 (0.07–0.82) 4.62E−02 NA NA 

7 - Full or part-time student 709 (0/709) N/A N/A NA NA 

8 - None of the above 1480 (2/1478) 0.23 (0.04–0.72) 3.91E−02 0.46 (0.06–3.76) 4.67E−01 

Drive faster than motorway speed 

limit 

– 295,191 (788/294,546) 2.68% – – – –

1 - Never/rarely 120,864 (342/120,522) Ref – Ref –

2 - Sometimes 110,572 (302/110,270) 1.34 (1.14–1.58) 4.02E−04 0.87 (0.63–1.20) 4.03E−01 

3 - Often 30,204 (66/30,138) 1.87 (1.41–2.45) 9.59E−06 1.12 (0.69–1.84) 6.45E−01 

4 - Most of the time 13,596 (21/13,575) 2.16 (1.33–3.33) 9.85E−04 0.75 (0.33–1.70) 4.84E−01 

5 - Do not drive on the motorway 20,098 (57/20,041) 0.98 (0.73–1.30) 9.05E−01 1.18 (0.64–2.19) 5.95E−01 

Fed-up feelings – 297,191 (801/296,390) 2.07% – – – –

0 - No 176,193 (490/175,703) Ref – Ref –

1 - Yes 120,998 (311/120,687) 1.34 (1.16–1.55) 8.25E−05 1.05 (0.78–1.42) 7.50E−01 

Illness, injury, bereavement, stress in 

last 2 years 

– 299,668 (798/298,870) 1.25% – – – –

0 - None of the above 170,082 (442/169,640) Ref – Ref –

1 - Serious illness, injury or assault to 

yourself 

22,057 (105/21,952) 2.09 (1.67–2.60) 4.94E−11 1.45 (0.90–2.33) 1.25E−01 

2 - Serious illness, injury or assault of a 

close relative 

31,411 (80/31,331) 1.52 (1.18–1.94) 7.62E−04 1.17 (0.73–1.86) 5.20E−01 

3 - Death of a close relative 47,686 (118/47,568) 1.17 (0.95–1.43) 1.42E−01 0.99 (0.65–1.49) 9.45E−01 

4 - Death of a spouse or partner 2672 (9/2663) 0.83 (0.40–1.53) 5.94E−01 0.89 (0.21–3.72) 8.70E−01 

5 - Marital separation/divorce 6222 (15/6207) 2.90 (1.62–4.80) 1.08E−04 2.86 (1.05–7.79) 3.98E−02 

6 - Financial difficulties 19,538 (29/19,509) 1.74 (1.16–2.49) 4.67E−03 0.51 (0.21–1.26) 1.46E−01 

Leisure/social activities – 302,652 (814/301,838) 0.25% – – – –

0 - None of the above 91,817 (257/91,560) Ref – Ref –

1 - Sports club or gym 93,159 (226/92,933) 0.91 (0.76–1.09) 3.14E−01 1.04 (0.73–1.49) 8.15E−01 

2 - Pub or social club 55,849 (167/55,682) 0.89 (0.73–1.09) 2.59E−01 0.82 (0.53–1.26) 3.67E−01 

3 - Religious group 26,392 (68/26,324) 0.54 (0.41–0.71) 1.15E−05 0.71 (0.42–1.19) 1.96E−01 

4 - Adult education class 8500 (27/8473) 0.75 (0.49–1.11) 1.76E−01 0.60 (0.26–1.42) 2.48E−01 

5 - Other group activity 26,935 (69/26,866) 0.60 (0.46–0.79) 2.83E−04 0.73 (0.43–1.24) 2.46E−01 
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Table 1 ( continued ) 

Variables Units of 

measure 

N ° subjects 

(case/control) 

% missing 

value 

Univariate analysis Multivariable analysis 

OR (95%CI) A P -value B OR (95%CI) A P -value B 

Bipolar and major depression status – 73,120 (182/72,935) 75.90% – – – –

0 - No Bipolar or Depression 53,118 (134/52,984) Ref – – –

1 - Bipolar I Disorder 492 (1/491) 1.65 (0.09–7.59) 6.21E−01 – –

2 - Bipolar II Disorder 441 (2/439) 2.94 (0.48–9.68) 1.39E−01 – –

3 - Probable Recurrent major depression 

(severe) 

5166 (21/5145) 2.55 (1.55–3.98) 9.92E−05 – –

4 - Probable Recurrent major depression 

(moderate) 

9013 (17/8996) 1.28 (0.74–2.07) 3.51E−01 – –

5 - Single Probable major depression 

episode 

4890 (10/4880) 1.04 (0.50–1.91) 9.15E−01 – –

Ever contemplated self-harm – 100,529 (126/100,403) 66.87% – – – –

0 - No 85,317 (107/85,210) Ref – – –

1 - Yes, once 7615 (9/7606) 1.67 (0.71–3.4) 1.93E−01 – –

2 - Yes, more than once 7597 (10/7587) 4.13 (1.90–7.99) 9.30E−05 – –

Sexually molested as a child – 99,829 (126/99,703) 67.10% – – – –

0 - Never true 91,499 (115/91,384) Ref – – –

1 - Rarely true 4446 (5/4441) 0.75 (0.23–1.83) 5.80E−01 – –

2 - Sometimes true 3016 (3/3013) 0.54 (0.09–1.97) 4.35E−01 – –

3 - Often 476 (1/475) 3.20 (0.18–15.71) 2.60E−01 – –

4 - Very often true 392 (2/390) 19.16 (2.98–69.14) 1.07E−04 – –

Workplace very hot – 76,348 (105/76,243) 74.84% – – – –

0 - Rarely/never 43,810 (58/43,752) Ref – – –

1 - Sometimes 29,116 (35/29,081) 1.20 (0.76–1.86) 4.30E−01 – –

2 - Often 3422 (12/3410) 3.67 (1.8–6.91) 1.36E−04 – –

Pancreatitis – 303,461 (816/302,645) 0.00% – – – –

0 - No 302,121 (782/301,339) Ref – Ref –

1 - Yes 1340 (34/1306) 5.85 (3.93–8.42) 7.97E−20 7.6 (3.13–18.45) 7.31E−06 

Time spent driving Hours/day 299,232 (801/298,431) 1.39% 1.13 (1.06–1.19) 7.87E−05 1.05 (0.93–1.19) 4.54E−01 

Length of mobile phone use Years 299,908 (798/299,110) 1.17% – –

0 - Never used mobile phone at least 

once per week 

43,116 (156/42,960) Ref – Ref –

1 - One year or less 7864 (24/7840) 1.13 (0.71–1.71) 5.93E−01 1.14 (0.28–4.61) 8.59E−01 

2 - Two to four years 52,419 (144/52,275) 1.34 (1.06–1.69) 1.38E−02 0.68 (0.19–2.37) 5.40E−01 

3 - Five to eight years 93,087 (220/92,867) 1.48 (1.20–1.83) 2.54E−04 0.60 (0.17–2.06) 4.17E−01 

4 - More than eight years 103,422 (254/103,168) 1.88 (1.53–2.31) 1.81E−09 0.58 (0.17–1.95) 3.81E−01 

Weekly usage of mobile phone in last 

3 months 

Minutes 297,648 (796/296,852) 1.92% – – – –

−1 - Never 43,116 (156/42,960) Ref – Ref –

0 - Less than 5 min 52,253 (166/52,087) 1.19 (0.95–1.49) 1.22E−01 1.26 (0.37–4.22) 7.13E−01 

1 - 5–29 min 99,041 (289/98,752) 1.60 (1.32–1.96) 3.52E−06 1.60 (0.5–5.19) 4.31E−01 

2 - 30–59 min 44,294 (94/44,200) 1.76 (1.35–2.29) 2.42E−05 1.15 (0.34–3.85) 8.26E−01 

3 - 1–3 h 36,754 (54/36,700) 1.87 (1.35–2.55) 1.20E−04 0.9 (0.26–3.14) 8.74E−01 

4 - 4–6 h 10,922 (20/10,902) 3.24 (1.93–5.14) 2.32E−06 1.33 (0.31–5.78) 7.02E−01 

5 - More than 6 h 11,268 (17/11,251) 4.70 (2.71–7.64) 3.93E−09 NA NA 

Polygenic risk score (PRS) weighted – 237,537 (627/236,910) 21.72% – – 2.09 (1.66–2.64) 6.61E−10 

PRS weighted - Q1 47,463 (81/47,382) Ref – – –

PRS weighted - Q2 47,478 (96/47,382) 1.17 (0.87–1.58) 3.03E−01 – –

PRS weighted - Q3 47,493 (111/47,382) 1.37 (1.02–1.83) 3.59E−02 – –

PRS weighted - Q4 47,535 (153/47,382) 1.90 (1.45–2.51) 4.61E−06 – –

PRS weighted - Q5 47,568 (186/47,382) 2.25 (1.73–2.95) 2.09E−09 – –

Age first had sexual intercourse Years 268,137 (714/267,423) 11.64% 0.94 (0.92–0.96) 3.70E−09 0.93 (0.89–0.98) 2.20E−03 

Nap during day – 303,285 (816/302,469) 0.06% – – – –

1 - Never/rarely 176,533 (426/176,107) Ref – Ref –

2 - Sometimes 112,077 (330/111,747) 0.75 (0.64–0.86) 1.03E−04 0.91 (0.68–1.22) 5.29E−01 

3 - Usually 14,675 (60/14,615) 0.70 (0.52–0.92) 1.22E−02 0.94 (0.54–1.65) 8.31E−01 

Current tobacco smoking – 303,311 (815/302,496) 0.05% – – – –

0 - No 272,352 (690/271,662) Ref – Ref –

1 - Yes, on most or all days 22,620 (99/22,521) 2.70 (2.16–3.34) 7.13E−19 NA NA 

2 - Only occasionally 8339 (26/8313) 2.03 (1.32–2.96) 5.60E−04 2.80 (1.18–6.69) 2.02E−02 

Years without smoking Years 239,421 (625/238,796) 21.10% – – – –

1 - Never smoker 169,197 (383/168,814) – Ref –

2 - less than 10 years 20,611 (83/20,528) 1.88 (1.46–2.39) 5.96E−07 1.59 (0.73–3.47) 2.39E−01 

3 - between 10 and 25 years 25,516 (75/25,441) 1.06 (0.81–1.36) 6.81E−01 1.24 (0.54–2.82) 6.16E−01 

4 - more than 25 years 24,097 (84/24,013) 0.74 (0.58–0.94) 1.51E−02 0.40 (0.13–1.19) 9.87E−02 

Years of smoking Years 261,461 (723/260,738) 13.84% – – – –

1 - Never smoker 169,197 (383/168,814) Ref – Ref –

2 - less than 20 years 33,690 (84/33,606) 1.04 (0.81–1.32) 7.60E−01 2.22 (0.82–5.98) 1.16E−01 

3 - between 20 and 30 years 23,333 (75/23,258) 1.33 (1.03–1.71) 2.60E−02 1.12 (0.51–2.43) 7.79E−01 

4 - more than 30 years 35,241 (181/35,060) 1.45 (1.20–1.74) 8.42E−05 NA NA 

Number of cigarettes currently 

smoked daily (current cigarette 

smokers) 

Cigarettes/day 20,894 (88/20,806) 93.11% – – – –
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Table 1 ( continued ) 

Variables Units of 

measure 

N ° subjects 

(case/control) 

% missing 

value 

Univariate analysis Multivariable analysis 

OR (95%CI) A P -value B OR (95%CI) A P -value B 

Tertile 1 (0.5–10) 7438 (15/7423) Ref – – –

Tertile 2 (11–20) 10,433(50/10,383) 2.56 (1.46–4.76) 1.62E−03 – –

Tertile 3 (21–120) 3023 (23/3000) 4.77 (2.46–9.53) 5.19E−06 – –

Smoking status – 302,497 (812/301,685) 0.32% – – – –

0 - Never 169,197 (383/168,814) Ref – Ref –

1 - Previous 102,341 (304/102,037) 0.94 (0.81–1.1) 4.50E−01 NA NA 

2 - Current 30,959 (125/30,834) 2.45 (1.98–3.01) 7.31E−17 NA NA 

Pack years of smoking Pack years 25,7261 (697/256,564) 15.22% 1.01 (1.00–1.01) 2.31E−05 1,070,257 (94,470–

12,124,953) 

< 2.00E−16 

Pack years adult smoking as 

proportion of life span exposed to 

smoking 

Pack 

years/Age-16 

25,7261 (697/256,564) 15.22% 1.83 (1.55–2.16) 8.12E−13 0.75 (0.70–0.79) < 2.00E−16 

Time spent outdoors Hours 28,8443 (778/287,665) 4.95% 0.91 (0.87–0.95) 4.06E−05 0.90 (0.83–0.99) 2.59E−02 

Age Years 303,461 (816/302,645) 0.00% 1.51 (1.48–1.54) < 2.00E−16 1.85 (1.76–1.93) < 2.00E−16 

Sex – 303,461 (816/302,645) 0.00% – – – –

Male 142,022 (390/161,049) Ref – Ref –

Female 161,439 (426/142,022) 0.79 (0.69–0.92) 1.15E−03 0.21 (0.10–0.42) 1.60E−05 

A OR (95% CI): Odds ration (95% confidence intervals). 
B P -value with Bonferroni correction. 
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ul events, either past or recent, have a strong effect on the dis- 

ase; having fed-up feelings, having experienced extremely trau- 

atic events such as having been sexually molested during child- 

ood or mild stressful events such as marital separation or divorce 

ll increase PDAC risk. On the contrary, leisure and social activ- 

ties such as spending time outside in the summer or attending 

eetings of religious groups decrease the risk of developing the 

isease. Additionally, retirement also decreases the risk of PDAC. 

his might seem counterintuitive, since retirement could be con- 

idered a proxy of age, however retirees have lower exposure to 

ork-related stress. 

High income has been reported to increase the risk of pancre- 

tic cancer in Chinese population [29] . However, in Western coun- 

ries, high income levels were also reported to decrease the risk of 

ancreatic cancer in men [30] . High income was also reported to 

ncrease the risk of colorectal [29] , breast and prostate cancer [30] . 

dditionally, being unemployed, which is a major stress factor in 

ur modern society [31] , was also associated with PDAC risk. These 

wo socioeconomic factors (high income and unemployment) may 

epresent the two faces of the same coin, both increasing stress 

nd therefore PDAC risk. The association between high levels of 

GF-1 and increased risk of PDAC is known and has been stud- 

ed providing evidence that high levels of IGF-1 increase the basal 

rowth rate of cancer cells since IGF-1 is necessary for progres- 

ion in the cell cycle [32] . SHBG has been associated with a wide

ange of health outcomes, including risk of prostate [33] , endome- 

rial [34] , liver, gastric and colorectal cancer [35] , but not with pan-

reatic cancer. The literature on SHBG levels and PDAC is limited to 

 single study by Peila and colleagues, which found no association 

etween high SHBG levels and the risk of developing PDAC, prob- 

bly due to the small number of subjects analysed [36] . 

Dietary habits were also associated with PDAC risk. For exam- 

le, processed meat intake, fresh fruit intake, dried fruit intake, 

eef intake, poultry intake, lamb or mutton intake showed asso- 

iations that were significant at the conventional p < 0.05 but did 

ot reach the Bonferroni corrected threshold, Supplementary Ta- 

le 2. There are several lines of evidence associating asthma and 

llergies with a decreased risk of developing PDAC [37 , 38] , but in

he present study these association were not statistically signifi- 

ant (OR = 1.25, 95%CI: 0.99–1.56, p = 5.75 × 10−2 ) probably due 

o the low number of cases who had these data ( N = 88). Phys-

cal activity was also not associated with PDAC risk, however the 

umber of subjects for which this information was available is high 
t

1061
 n = 289,629). These results are in agreement with the majority of 

hat present in the current literature on the topic [39 , 40] . 

Our study has several strengths, such as the comprehensive 

nalysis of the exposome, the integration of genetic data in the 

orm of PRS, and the homogeneity of the measures across the co- 

ort. We are aware of possible limitations. This is an observational 

tudy that highlights several associations between exposure vari- 

bles and risk of developing PDAC, but these associations could be 

nfluenced by residual confounders that make it difficult to link 

ause and effect. In UKBB there are thousands of variables, but 

ith many missing data, leading to a considerable reduction in sta- 

istical power, and very large estimates, that may be on overesti- 

ation of the real effect. Additionally, in UKBB there are no data 

n pancreatic cancer family history. The lack of this information 

ay represent a confounding factor for some of the association. 

urthermore, some of the variables analyzed refer to self-reported 

ata collected through questionnaires, this could introduce an eval- 

ation error given the subjective nature of the perception of expo- 

ure. Additionally, all the results have been obtained considering 

nly white British people and therefore it is not possible to gener- 

lize the effect to other ethnicities or other countries. Finally, the 

ultivariable analysis was only performed on a small subset of in- 

ividuals and for variables with less than 25% missing values. This 

educes the statistical power and increases the chances of false 

egatives. Therefore, the results have to be taken with caution. 

In conclusion, our results suggest that a stressful lifestyle and 

edentary behaviors may play a major role in PDAC susceptibility 

uggesting that changes in lifestyle could be beneficial to reduce 

he risk of the disease. Other studies are warranted to confirm and 

etter understand the role of these potential new risk factors that 

e have highlighted. 
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