Cureus

Part of SPRINGER NATURE Open Access Original Article

Physical Activity and Incident Pancreatic Cancer:
Results From the UK Biobank Prospective Cohort

Borna A. Assarian !, Christopher D. Byrne !, Declan McDonnell %, Zaed Hamady 2

Review began 01/15/2025

Review ended 01/25/2025

Published 01/26/2025 1. Human Development and Health, Faculty of Medicine University of Southampton, University Hospital Southampton
© Copyright 2025 NHS Foundation Trust, Southampton, GBR 2. Hepato-Pancreato-Biliary (HPB) Unit, University Hospital Southampton
Assarian et al. This is an open access NHS Foundation Trust, Southampton, GBR

article distributed under the terms of the
Creative Commons Attribution License CC- . .
) ] ) Corresponding author: Borna A. Assarian, ba4g23@soton.ac.uk
BY 4.0., which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author and

source are credited.

Abstract
Background

DOI: 10.7759/cureus.78040

The relationship between physical activity and incident pancreatic cancer is poorly defined, and the
evidence to date is inconsistent, largely due to small sample sizes and insufficient incident outcomes. Using
the UK Biobank cohort dataset, the association between physical activity levels at recruitment and incident
pancreatic ductal adenocarcinoma (PDAC) at follow-up was analysed.

Method

Physical activity, the key exposure, was quantified using Metabolic Equivalent Task (MET) values and
categorised into walking, moderate, and vigorous activity. These categories were each analysed in quartiles.
Summed activity was analysed both in quartiles and using International Physical Activity Questionnaire
(TPAQ) activity levels (low, moderate, high). Univariate hazard ratios (HRs) and multivariable-adjusted HRs
(aHRs) with 95% confidence intervals (CIs) were calculated using Cox regression analyses.

Results

A total of 542 incident PDAC cases and 2,139 controls (1:4 matching for age and sex) with a median (IQR)
follow-up of 6.8 (1.7) years were analysed. No significant association was found in walking, moderate, and
vigorous activities. In summed activity, only the 3rd quartile showed a statistically significant inverse
association with PDAC risk (aHR 0.67, 95% CI 0.52-0.86, p<0.01). For IPAQ activity, the moderate and high
activity groups showed borderline statistically significant associations with incident PDAC (aHR 0.80, 95% CI
0.63-1.00, p=0.05, and aHR 0.80, 95% CI 0.64-1.01, p=0.06, respectively).

Conclusion

The large UK Biobank cohort study did not show a strong association between physical activity levels and the
development of incident PDAC.

Categories: General Surgery, Public Health, Epidemiology/Public Health
Keywords: cancer risk, exercise, incident cancer, pancreatic cancer, pancreatic ductal adenocarcinoma, physical
activity

Introduction
Background

Pancreatic cancer is the 12th most common cancer worldwide, with approximately 500,000 cases per year
[1]. It is ranked as the cancer with the seventh-highest mortality rate and leads to approximately 470,000
deaths each year, which is almost equal to the number of incident cases [1]. This cancer has a survival rate of
less than 10%, the lowest of all common cancers [2-4]. It has also been projected that pancreatic cancer will
surpass breast cancer to become the third leading cause of cancer death in Europe [5-7]. The incidence and
mortality of pancreatic cancer are both on the rise [8]. In most cases, pancreatic cancer symptoms do not
present in the earlier stages, and there are no effective screening methods [9]. This leads to later diagnoses,
which are clinically more challenging to manage. This highlights the importance of advancements in
identifying preventable risk factors for this deadly cancer.

Physical activity has known inverse associations with different cancers, including colorectal, breast, and
endometrial cancers [10-12]. However, the literature is inconclusive about the association between physical
activity and pancreatic cancer.

Aetiology and risk factors

Pancreatic cancer can be divided into two categories: exocrine and neuroendocrine. Exocrine pancreatic
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cancers arise from exocrine cells in the pancreas, which secrete enzymes to aid digestion. Pancreatic ductal
adenocarcinoma (PDAC) is a type of exocrine cancer and accounts for about 95% of pancreatic cancers [4].
Neuroendocrine pancreatic cancers arise from endocrine cells involved in secreting hormones.

The exact aetiology of pancreatic cancer is unknown. It is likely to involve an interaction between
environmental and genetic factors. Risk factors for this cancer include increasing age [2], affected first-
degree relatives [13], smoking [14], diabetes [8,15-17], alcohol [2], obesity [2], chronic pancreatitis [18,19],
and hereditary pancreatitis [18,19]. Furthermore, the genetic aetiology of pancreatic cancer likely involves
mutations that are acquired or inherited, such as the mutated K-ras gene [20,21]. There is growing evidence
of other potential risk factors for pancreatic cancer; however, there remains uncertainty about whether
physical activity affects the risk of pancreatic cancer [22].

Physical activity has been shown to reduce body fat, improve insulin sensitivity, and reduce chronic
inflammation [23-26]. These factors have been linked with pancreatic cancer development and are possible
biological mechanisms by which physical activity could reduce pancreatic cancer incidence.

A number of studies have investigated the association between physical activity and pancreatic cancer
incidence. These include cohort studies [27-38], case-control studies [39-42], and systematic reviews [43-
46]. These studies analysed physical activity in different ways. Some studies analysed total physical activity
levels, while others divided it into leisure and occupational activity. Results from the cohort and case-
control studies were largely divided and inconsistent. Around half of the studies found some significant
inverse associations for a subgroup of activity, which varied in type and intensity depending on the study
[27,28,37-42]. Other studies showed no association between physical activity and pancreatic cancer [29-36].
Similarly, the systematic reviews also had inconsistent results [43-46].

The current evidence shows that the relationship between physical activity and pancreatic cancer incidence
is unclear. Pancreatic cancer is not common, and previous studies have lacked power, with insufficient
numbers of incident cases. Currently, there is a lack of cohort studies involving large populations with long-
duration follow-up and sufficient numbers of incident PDAC outcomes to determine whether there is an
association between physical activity and incident pancreatic cancer.

The aim of this study was to analyse the association between total physical activity and incident PDAC using
the UK Biobank Study. This work was previously presented as a meeting poster abstract at the 14th Congress
of the European-African Hepato-Pancreato-Biliary Association (E-AHPBA), September 15-17, 2021, in
Bilbao.

Materials And Methods
Study participants and ethics

The UK Biobank is a large prospective study that aims to investigate the lifestyle, environmental, and
genetic causes of a range of diseases [47]. Around 9.2 million invitations were mailed to people registered
with the National Health Service (NHS), aged 40-70 years, and living within approximately 25 miles of UK
Biobank assessment centres. This resulted in 502,656 participants (229,182 men and 273,474 women) being
recruited between April 2007 and July 2010. Further details on the UK Biobank design and rationale are
provided in the study protocol [48].

The UK Biobank has approval from the North West Multi-centre Research Ethics Committee (covers the UK),
the National Information Governance Board for Health & Social Care (in England and Wales), and the
Community Health Index Advisory Group (in Scotland) [49]. Informed consent was obtained from all
participants [49]. The ethics reference number is 06/MRE08/65.

Assessment of exposure

At baseline, participant physical measurements were recorded, including hip and waist circumferences,
height, and weight [48]. Data on socio-demographics, including age, sex, and Townsend deprivation index
scores (derived from postcodes) [50], lifestyle (including alcohol intake frequency and smoking status),
medical history, and other potentially health-related information were collected via a self-completed
touchscreen questionnaire [48]. In the UK Biobank, the physical activity questions were derived from the
International Physical Activity Questionnaire (IPAQ) short form, a validated survey instrument [51]. These
questions assess activity undertaken across a comprehensive set of domains, including domestic and
gardening (yard), transport-related, leisure time, and work-related activities [52].

At recruitment, participants self-reported their frequency (days per week) and duration (minutes per day)
for three levels of activity: walking, moderate-intensity, and vigorous-intensity (the questions can be found
in Table 7 and on the UK Biobank website) [52,53]. Participants were asked for the number of days in a
typical week in which they performed at least 10 minutes of each activity category. When an answer of at
least one day was given, they were additionally asked how long they usually spent performing that activity.
Following IPAQ guidelines [51,52], activity recorded for less than 10 minutes a day was not counted, and
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durations longer than three hours were truncated to three hours.

Question

In a typical week, on how many days did you walk for at least 10 minutes at a time? (Include
walking that you do at work, travelling to and from work, and for sport or leisure)

How many minutes did you usually spend walking on a typical day?

In a typical week, on how many days did you do 10 minutes or more of moderate physical activities
like carrying light loads, cycling at normal pace? (Do not include walking)

How many minutes did you usually spend doing moderate activities on a typical day?

In a typical week, how many days did you do 10 minutes or more of vigorous physical activity?
(These are activities that make you sweat or breathe hard such as fast cycling, aerobics, heavy
lifting)

How many minutes did you usually spend doing vigorous activities on a typical day?

Answer options

Number of days, “do not know”,
“unable to walk” or “prefer not to
answer”

Number of minutes, “do not know” or
“prefer not to answer”

Number of days, “do not know” or
“prefer not to answer”

Number of minutes, “do not know” or
“prefer not to answer”

Number of days, “do not know” or
“prefer not to answer”

Number of minutes, “do not know” or
“prefer not to answer”

TABLE 1: UK Biobank physical activity questions from the questionnaire

For each level of activity, the weekly duration was calculated by multiplying the number of days by the daily
duration. This was then multiplied by the Metabolic Equivalent Task (MET) value to give the MET-
minutes/week for an activity (MET values used: walking = 3.3, moderate-intensity = 4, vigorous-intensity =
8) [51,52]. MET is the ratio of energy expended per kilogram of body weight per hour to the standard resting
metabolic rate (energy cost of a person at rest) [54]. It estimates the energy utilised and quantifies the
intensity of physical activity [54]. For example, if a participant walks every day for 40 minutes, their walking
MET-minutes/week is 924 (7x40x3.3).

The summed activity for each participant was calculated by adding the MET-minutes/week of the three levels
of activity. For example, the summed activity of a person who walks every day for 40 minutes, does 30
minutes of moderate-intensity activity three days a week, and performs 40 minutes of vigorous-intensity
activity three days a week is 2,244 MET-minutes/week (40x7x3.3 + 30x3x4 + 40x3x8).

Summed activity was also used to classify participants into IPAQ levels: low, moderate, and high [52]. The
criteria for IPAQ levels are as follows [52]: high activity was defined as (a) vigorous-intensity activity on at
least three days, achieving a minimum total physical activity of at least 1,500 MET-minutes/week, or (b)
seven or more days of any combination of walking, moderate-intensity, or vigorous-intensity activities,
achieving a minimum total physical activity of at least 3,000 MET-minutes/week. These are approximately
equivalent to at least 60 minutes of moderate-intensity or vigorous-intensity activity each day. Moderate
activity was defined as (a) three or more days of vigorous-intensity activity of at least 20 minutes per day, (b)
five or more days of moderate-intensity activity and/or walking of at least 30 minutes per day, or (c) five or
more days of any combination of walking, moderate-intensity, or vigorous-intensity activities, achieving a
minimum total physical activity of at least 600 MET-minutes/week. These are equivalent to 30 minutes of
moderate-intensity or vigorous-intensity activity on most days. Participants who did not meet the
requirements for either group were placed in the low activity category.

Statistical analysis

Incident pancreatic cancer cases within the UK Biobank cohort were identified through linkage to national
cancer registries (Health & Social Care Information Centre and the NHS Central Register) and coded using
the 10th Revision of the International Classification of Diseases (ICD-10). Participants were followed up
until PDAC diagnosis, loss to follow-up, final follow-up (October 31, 2015, for Scotland and March 31, 2016,
for England and Wales), or death. The median (IQR) follow-up in this study was 6.8 (1.7) years.

Of the original 502,656 participants, 776 had pancreatic cancer at some point. Participants were excluded if
their pancreatic cancer was not PDAC (due to their different pathology) (36) or if PDAC was diagnosed before
enrolment (54). The number of PDAC cases was small compared to the total cohort, and the mean age (SD) of
the PDAC cases was 61.6 (6.1) years, which was much higher than the mean (SD) age of the UK Biobank
cohort, 56.5 (8.1). Therefore, a 1:4 nested case-control study was undertaken, matching for age (in five-year
categories) and sex, with randomly selected controls (participants who did not have PDAC before or after
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enrolment). Participants were also excluded if they had incomplete data for physical activity or the variables
that were adjusted (749). A total of 542 PDAC cases and 2,139 controls were used in the analyses.

Statistical tests were used to compare the baseline characteristics of PDAC cases and controls. The Pearson
chi-squared test was used to investigate differences in the proportion of categorical variables. For
continuous variables (all non-normally distributed), the Mann-Whitney U-test was used. Univariate and
multivariate (adjusted) Cox proportional hazards models were used to estimate hazard ratios (HRs) and 95%
confidence intervals (CIs) for the association between physical activity and PDAC. P-values of 0.05 or below
were considered significant.

Walking, moderate-intensity, vigorous-intensity, and summed activities were each categorised into quartiles
of total physical activity for analysis (first quartile = least activity). For each category of physical activity, the
first quartile was the reference group, and the other quartiles were each compared to it. For the IPAQ levels,
low activity was the reference group.

The multivariate models were adjusted for covariates and potential confounders identified from the
literature and univariate analyses, including body mass index (BMI) (continuous), waist-to-hip ratio (WHR)
(continuous), Townsend deprivation index (TDI) (continuous), diagnosed diabetes (yes, no), smoking status
(never, previous, current), and alcohol intake frequency (never or special occasions, 1-3 times a month, 1-2
times a week, 3-4 times a week, daily or almost daily). Data were not available to adjust for chronic
pancreatitis or family history of PDAC and pancreatitis. All analyses were conducted using IBM SPSS
Statistics for Windows, Version 26 (Released 2019; IBM Corp., Armonk, New York).

Results

Baseline characteristics

After a median (IQR) follow-up of 6.8 (1.7) years, 542 incident PDAC cases and 2,139 controls were identified
and included in this study (n = 2,681). The baseline characteristics of the cases and controls are summarised
in Table 2. Compared with the controls, the PDAC cases had higher proportions of diagnosed diabetes,
current smokers, and higher BMI and waist-to-hip ratio. Summed weekly activity was lower in the cases than
in the controls (summed activity quartiles and IPAQ activity levels).

Controls (n=2 139), median (15!, 3"  PDAC (n=542), median (15t, 3" P-

Variable quartile), n (%) quartile), n (%) value’23
Age at enrolment (years) 63 (58, 66) 63 (58, 66) Not .
applicable
Sex - R Not .
applicable

Female 940 (43.9) 240 (44.3) -

Male 1199 (56.1) 302 (55.7) -
Diabetes - - <0.01

No 1993 (93.2) 484 (89.3) -

Yes 146 (6.8) 58 (10.7) -
Smoking Status - - <0.01

Never 1112 (52.0) 246 (45.4) =

Previous 846 (39.6) 201 (37.1) -

Current 181 (8.5) 95 (17.5) -
Alcohol intake frequency - - 0.12

Never or special occasions 419 (19.6) 108 (19.9) -

1-3 times a month 187 (8.7) 40 (7.4) -

1-2 times a week 537 (25.1) 123 (22.7) =

3-4 times a week 518 (24.2) 122 (22.5) -

Daily or almost daily 478 (22.3) 149 (27.5) -
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Body mass index (kg/m?) 26.8 (24.5, 30.1) 27.4 (24.7, 30.6) 0.02
Waist/Hip ratio 0.9 (0.8, 1.0) 0.9 (0.8, 1.0) 0.04
Townsend deprivation index -2.3(-3.7,0.2) -2.1(-3.6, 0.8) 0.11
Walking Metabolic Equivalent Task (MET)- ) ) 032
minutes/week

Q74 <330 (<100) 563 (26.3) 159 (29.3) -

Q, 330-<693 (100-<210) 619 (28.9) 161 (29.7) -

Q3 693-<1386 (210-<420) 519 (24.3) 114 (21.0) -

Qq >1386 (>420) 438 (20.5) 108 (19.9) =
Moderate-intensity activity MET-minutes/week ) ) 0.77
(minutes per week)

Q; £120, (<30) 536 (25.1) 142 (26.2) -

Q, 120-480, (30-<120) 560 (26.2) 133 (24.5) -

Q3 480-=1440, (>120-=360) 570 (26.6) 140 (25.8) -

Q, >1440, (>360) 473 (22.1) 127 (23.4) -
Vigorous-intensity activity MET-minutes/week ) ) 0.33
(minutes per week)

Q 0, (0) 920 (43.0) 243 (44.8) -

Q, <160, (<20) 188 (8.8) 56 (10.3) =

Q3 160-<720, (20-<90) 507 (23.7) 128 (23.6) -

Q4 >720, (>90) 524 (24.5) 115 (21.2) -
Summed activity quartiles MET-minutes/week - - <0.01

Q <828.3 514 (24.0) 156 (28.8) 5

Q, 828.3-<1836 541 (25.3) 135 (24.9) -

Q3 1836-<3637 562 (26.3) 103 (19.0) 5

Qq >3637 522 (24.4) 148 (27.3) -
International Physical Activity Questionnaire ) ) 0.04
(IPAQ) activity levels

Low 360 (16.8) 117 (21.6) -

Moderate 907 (42.4) 217 (40.0) -

High 872 (40.8) 208 (38.4) -

TABLE 2: Baseline characteristics of PDAC cases and controls from the UK Biobank

P-value not presented for matched variables (age and sex).
2Tested by Pearson chi-squared test for difference in the proportion of categorical variables.

STested by Mann-Whitney U-test for difference in continuous variables.
*Quartile.

PDAC: pancreatic ductal adenocarcinoma.
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Regression analysis

Evaluation of the physical activity variables and PDAC risk is shown in Table 3. Both univariate and
multivariate analyses showed no significant associations in the walking, moderate-intensity or vigorous-
intensity activity categories. In summed activity quartiles, only the third quartile had a significant reduction
in PDAC risk in comparison to the first quartile (HRypjvariate 0-62, 95% CI 0.49-0.80, p<0.01). This association

remained significant after adjusting for potential confounders (aHR 0.67, 95% CI 0.52-0.86, p<0.01). In the
univariate analysis, participants with moderate or high IPAQ levels showed a significant decrease in PDAC
risk (HRioderate 0-75, 95% CI 0.60-0.93, p<0.05 and HR g, 0.75, 95% CI 0.60-0.94, p<0.05). In the
multivariate analysis, there was a borderline significant risk reduction of 20% with increased activity
(aHR o derate 0-80, 95% CI 0.63-1.00, p=0.05 and aHRy;gp, 0.80, 95% CI 0.64-1.01, p=0.06).
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Physical activity variable Hazard ratio’ (95% CI) P-value' Hazard ratio? (95% CI) P-value?

Walking

Q*4 (reference group)

Q 0.92 (0.74-1.15) 0.48 0.96 (0.77-1.20) 0.70

Q 0.80 (0.63-1.01) 0.06 0.84 (0.66-1.07) 0.15

Q 0.87 (0.68-1.11) 0.26 0.90 (0.71-1.16) 0.42
Moderate-intensity activity - - - -

Qq (reference group) - - - -

Q 0.89 (0.70-1.12) 0.31 0.90 (0.71-1.14) 0.39

Qs 0.93(0.73-1.17) 0.52 0.95 (0.75-1.20) 0.64

Q 0.99 (0.78-1.26) 0.93 1.02 (0.80-1.30) 0.88
Vigorous-intensity activity - - o -

Qq (reference group) - - - -

Q 1.14 (0.85-1.52) 0.39 1.18 (0.88-1.58) 0.27

Qs 0.95(0.77-1.18) 0.65 1.00 (0.81-1.24) 0.99

Q 0.85 (0.68-1.06) 0.14 0.88 (0.71-1.11) 0.28
Summed activity quartiles - - - -

Qq (reference group) - - - -

Q 0.83 (0.66-1.04) 0.11 0.86 (0.68-1.08) 0.19

Qs 0.62 (0.49-0.80) <0.01 0.67 (0.52-0.86) <0.01

Q 0.94 (0.75-1.18) 0.60 0.97 (0.77-1.22) 0.81
IPAQ activity levels - - - -

Low (reference group) - - - -

Moderate 0.75 (0.60-0.93) 0.01 0.80 (0.63-1.00) 0.05

High 0.75 (0.60-0.94) 0.01 0.80 (0.64-1.01) 0.06

TABLE 3: Risk of PDAC associated with physical activity (univariate and multivariable-adjusted
analyses)

1Univariate analysis: matched for age and sex with no adjusting.

2Multivariate analysis: matched for age and sex and adjusted for: BMI (continuous), WHR (continuous), TDI (continuous), diagnosed diabetes (yes, no),
smoking status (never, previous, current), alcohol intake frequency (never or special occasions, 1-3 times a month, 1-2 times a week, 3-4 times a week,
daily or almost daily).

*Quartile.

PDAC: pancreatic ductal adenocarcinoma, BMI: body mass index, WHR: waist-to-hip ratio, TDI: Townsend deprivation index.

Discussion

In the large UK Biobank cohort study, there was not strong evidence of an association between physical
activity levels and the development of incident PDAC. No significant association was found for the different
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physical activity intensities: walking, moderate-intensity, or vigorous-intensity activities. Moderate and
high IPAQ activity levels both showed a borderline significant 20% reduction in pancreatic cancer risk.
Overall, there was no strong association between physical activity and pancreatic cancer.

Similar to this study, two prospective cohort studies also showed that different types of physical activity
intensities did not reduce pancreatic cancer incidence [34,35]. However, a case-control study conducted in
Minnesota [40] found that only light activity (OR 0.55, 95% CI 0.30-0.97) and moderate activity (OR 0.51,
95% CI 0.28-0.93) were associated with a reduced risk of pancreatic cancer, and not heavy activity (OR 1.18,
95% CI 0.66-2.11). In their study, participants reported the number of hours per week they usually spent on
each of the activity levels during the year before pancreatic cancer diagnosis or in the past year for controls.
This method has a high risk of recall bias, as participants were asked to recall information from far in the
past, which can reduce the reliability of the results. In addition to the cohort studies, three systematic
reviews that investigated the association between physical activity intensities and pancreatic cancer all
concluded there was no association [43-45]. Along with the current literature, our study helps strengthen the
evidence that different types of physical activity intensities do not reduce pancreatic cancer incidence.

The literature has inconsistent findings for the relationship between summed activity and pancreatic cancer
incidence. Two prospective cohort studies and one case-control study found a significant reduction in
pancreatic cancer cases with increased summed physical activity [28,37,40]. However, the findings of each
study were specific to certain subgroups, which limits their generalisability. In a Finnish study on male
smokers, it was found that combined occupational and leisure activity greater than sedentary levels reduced
the risk of pancreatic cancer-for example, moderate/heavy activity in both settings (HR 0.42, 95% CI 0.22-
0.83) [28]. The EPIC-Norfolk study showed that participants who had high activity and were younger than 60
years had reduced risks of pancreatic cancer (HR 0.27, 95% CI 0.07-0.99) [37]. It is of note that the study had
only 88 cases in total, and only three cases were present in the high activity group of those younger than 60.
Finally, a case-control study in Minnesota showed that only the second quartile (OR 0.51, 95% CI 0.30-0.85)
and third quartile (OR 0.53, 95% CI 0.31-0.90) of total activity were associated with a reduced risk of
pancreatic cancer, but not the highest quartile (OR 0.60, 95% CI 0.35-1.04) [40]. As stated previously, this
study had limitations due to recall bias.

In contrast to these study findings, four prospective cohort studies concluded that summed activity levels
were not associated with a decrease in pancreatic cancer incidence [31,33-35]. One of these was a large
cohort study by Berrington de Gonzdlez et al. on the European Prospective Investigation into Cancer and
Nutrition, which included 438,405 participants and had 324 incident cases of pancreatic cancer. They
showed no significant reduction in pancreatic cancer risk when comparing the most and least active groups
in their study (RR 0.82, 95% CI 0.50-1.35) [31].

Like the observational studies, the systematic reviews also had mixed findings. Two systematic reviews
concluded no association [43,45], whereas one showed that higher summed activity reduced the risk of
pancreatic cancer (five prospective studies, RR 0.72, 95% CI 0.52-0.99) [44]. The inconsistent results from
the systematic reviews could be due to the use of different methodologies for categorising and recording
physical activity.

In our study, summed activity showed a trend towards an inverse association (see Table 3). Of the summed
activity quartiles, only the third quartile showed a significant reduction in pancreatic cancer incidence, and
analysing IPAQ activity levels showed that increasing levels of activity were borderline significant. These
results indicate that higher levels of summed activity may be protective against pancreatic cancer, but this
association is weak, as shown by the statistical results. Furthermore, the non-significant results when
comparing the most active quartile of summed activity with the least active, the high IPAQ activity group
with the low activity group, and the non-significant findings for the different activity intensities (walking,
moderate-intensity, and vigorous-intensity) suggest that there is no strong association between physical
activity and pancreatic cancer incidence.

Strengths and limitations

This study was one of the largest single studies to investigate the impact of physical activity on pancreatic
cancer incidence. Other major strengths include the use of a well-validated questionnaire and MET values to
quantitatively analyse physical activity [51,52]. The questions assessed a range of physical activity domains
[51,52], better representing the activity status of participants compared to studies where only one domain
was analysed. Furthermore, a range of potential confounders were adjusted to increase the accuracy of the
analysis.

This study also had some limitations. Repeat measures of physical activity over time were not undertaken in
the UK Biobank Study. Therefore, physical activity measurements were not available from recruitment to the
time of incident PDAC, making it impossible to undertake analyses with physical activity as a time-varying
covariate in time-dependent regression models. Furthermore, physical activity was self-reported,
introducing the possibility of response bias or misinterpretation. While there have been indications that the
UK Biobank has a healthy volunteer selection bias, recent studies have shown that risk factor associations in

-

the UK Biobank are generalisable [48,55,56]. To reduce inaccuracies due to participant reporting bias,
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accelerometers can be used to objectively analyse physical activity [57]. Currently, in the UK Biobank, there
is insufficient data available to analyse the association between accelerometer data and pancreatic cancer
incidence [57]. Future studies could use new technologies to increase the accuracy of physical activity
recording. Additionally, the use of standardised definitions for the different intensities of physical activity
would enable better analysis and comparisons between studies.

Conclusions

Overall, this study does not show a strong association between physical activity and incident pancreatic
cancer. No association was found between different physical activity intensities and pancreatic cancer.
However, summed activity quartiles and IPAQ activity levels suggest that increasing summed physical
activity may be protective.
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