
cancers

Article

Traditional and Novel Adiposity Indicators and Pancreatic
Cancer Risk: Findings from the UK Women’s Cohort Study

Sangeetha Shyam 1,2, Darren Greenwood 3,4 , Chun-Wai Mai 5,6 , Seok Shin Tan 1 ,
Barakatun Nisak Mohd Yusof 7 , Foong Ming Moy 8 and Janet Cade 9,*

����������
�������

Citation: Shyam, S.; Greenwood, D.;

Mai, C.-W.; Tan, S.S.; Mohd Yusof,

B.N.; Moy, F.M.; Cade, J. Traditional

and Novel Adiposity Indicators and

Pancreatic Cancer Risk: Findings

from the UK Women’s Cohort Study.

Cancers 2021, 13, 1036.

https://doi.org/10.3390/

cancers13051036

Academic Editor: Guido Eibl

Received: 30 December 2020

Accepted: 5 February 2021

Published: 2 March 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Division of Nutrition and Dietetics, School of Health Sciences, International Medical University (IMU),
Kuala Lumpur 57000, Malaysia; Sangeethashyam@imu.edu.my (S.S.); SeokShin_Tan@imu.edu.my (S.S.T.)

2 Centre for Translational Research, IMU Institute for Research, Development and Innovation (IRDI),
Kuala Lumpur 57000, Malaysia

3 School of Medicine, University of Leeds, Leeds LS2 9LN, UK; D.C.Greenwood@leeds.ac.uk
4 Leeds Institute for Data Analytics, University of Leeds, Leeds LS2 9LN, UK
5 Centre for Cancer and Stem Cells Research, Institute for Research, Development and Innovation (IRDI),

International Medical University, Kuala Lumpur 57000, Malaysia; chunwai_mai@imu.edu.my
6 State Key Laboratory of Oncogenes and Related Genes, Renji-Med X Clinical Stem Cell Research Center,

Department of Urology, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong University,
Shanghai 200127, China

7 Department of Nutrition and Dietetics, Faculty of Medicine and Health Sciences, Universiti Putra Malaysia,
Serdang 43400, Malaysia; bnisak@upm.edu.my

8 Department of Social & Preventive Medicine, Faculty of Medicine, University of Malaya,
Kuala Lumpur 50603, Malaysia; moyfm@ummc.edu.my

9 Nutritional Epidemiology Group, School of Food Science and Nutrition, University of Leeds,
Leeds LS2 9LN, UK

* Correspondence: J.E.Cade@leeds.ac.uk

Simple Summary: Pancreatic cancer has a poor survival rate and its modifiable risks are poorly
understood. We investigated the association between both traditional (BMI, waist and hip circumfer-
ence and waist–hip ratio) and novel (standard UK clothing sizes) adiposity indicators as predictors of
pancreatic cancer risk among women enrolled in the UK women’s cohort study (UKWCS). When ad-
justed for known confounders like age, education, smoking and physical activity, hip circumference
and skirt size were both significant predictors of pancreatic cancer risk in the median follow-up of
approximately 19 years. BMI became a significant predictor of pancreatic cancer risk when potential
latent cases of pancreatic cancer were excluded from the analysis. Thus, adiposity indicators, specifi-
cally hip circumference and standard skirt size, are useful to predict pancreatic cancer among women
and should therefore be routinely documented in both national surveys and epidemiological studies.

Abstract: (1) Background: We studied the association of both conventional (BMI, waist and hip
circumference and waist–hip ratio) and novel (UK clothing sizes) obesity indices with pancreatic
cancer risk in the UK women’s cohort study (UKWCS). (2) Methods: The UKWCS recruited 35,792
women from England, Wales and Scotland from 1995 to 1998. Cancer diagnosis and death information
were obtained from the National Health Service (NHS) Central Register. Cox’s proportional hazards
regression was used to evaluate the association between baseline obesity indicators and pancreatic
cancer risk. (3) Results: This analysis included 35,364 participants with a median follow-up of 19.3
years. During the 654,566 person-years follow up, there were 136 incident pancreatic cancer cases.
After adjustments for age, smoking, education and physical activity, each centimetre increase in hip
circumference (HR: 1.03, 95% CI: 1.01–1.05, p = 0.009) and each size increase in skirt size (HR: 1.12, 95%
CI: 1.02–1.23, p = 0.041) at baseline increased pancreatic cancer risk. Baseline BMI became a significant
predictor of pancreatic cancer risk (HR: 1.04, 95% CI: 1.00–1.08, p = 0.050) when latent pancreatic
cancer cases were removed. Only baseline hip circumference was associated with pancreatic cancer
risk (HR: 1.03, 95% CI: 1.00–1.05, p = 0.017) when participants with diabetes at baseline were excluded
to control for reverse causality. (4) Conclusion: Hip circumference and skirt size were significant
predictors of pancreatic cancer risk in the primary analysis. Thus, hip circumference is useful to
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assess body shape relationships. Additionally, standard skirt sizes offer an economical and objective
alternative to conventional obesity indices for evaluating pancreatic cancer risk in women.

Keywords: obesity; pancreatic cancer; UKWCS; clothing sizes; women

1. Introduction

Pancreatic cancer has one of the poorest 5-year survival statistics, especially if diag-
nosed late [1–3]. While the survival data point to the importance of preventative strategies
and early detection, pancreatic cancer continues to be an understudied area in oncol-
ogy, and the understanding of its aetiological factors is nascent in comparison to other
cancers [4]. Obesity, specifically visceral obesity, is among the few known modifiable
risk factors associated with pancreatic cancer [5–12]. Obesity is hypothesised to increase
pancreatic cancer risk through mechanistic pathways that include altered adipokine se-
cretion, insulin resistance, inflammation, oxidative stress and the bioavailability of sex
hormones [13].

Conventional adiposity indicators, namely weight, body mass index (BMI), waist
circumference and waist-to-hip ratio, are routinely used in research and in practice to
identify the risk of chronic diseases. These indicators require trained personnel to perform
the measurements, and thus, from a public health perspective, they are labour-intensive.
Therefore, for population studies or community screening purposes, self-reported standard
clothing sizes are an objective, easy-to-measure alternative adiposity indicator and can be
reliably reported by respondents [14–18].

Clothing sizes have been found useful to predict the risk of various cancers in both
men and women. Among a sub-cohort of weight-stable women from the Netherlands
Cohort Study, self-reported Dutch skirt size data significantly predicted the risk of endome-
trial cancer in women [14]. In the same cohort, trouser size was also strongly positively
associated with cancer of the distal colon among men, although clothing sizes showed no
clear trend for colon cancer risk among women [15]. In the United Kingdom, endometrial
cancer risk in postmenopausal women was associated with their clothing size at the age
of 20 years [17]. In the UK Collaborative Trial of Ovarian Cancer Screening (UKCTOCS),
the skirt size at study enrolment was associated with postmenopausal breast cancer risk,
independent of BMI [18]. More recently, among the postmenopausal women enrolled in
the UKWCS, self-reported UK blouse and skirt sizes were positively associated with breast
cancer risk [16]. There are no available data to evaluate the use of clothing size to predict
the risk of pancreatic cancer.

Given the lack of research in relation to risk factors for pancreatic cancer worldwide,
there is a need for more data to gauge the magnitude of association between pancreatic
cancer risk and obesity indicators. Most studies are too small or short-term to be able to
explore the risk factors associated with pancreatic cancer. Furthermore, the low incidence
rate of pancreatic cancer (United Kingdom = 6.3 per 100,000 age-standardised incidence in
women (3)) requires inevitably large and long-term studies to understand these associations.
The UKWCS, with its sufficiently large enrolment and long follow-up, is one of a few studies
which can be used to explore these associations. Thus, we explored the relationships
between pancreatic cancer risk and both conventional (BMI, waist circumference, hip
circumference) and novel (skirt and blouse sizes) adipose indicators using the UK Women’s
Cohort Study (UKWCS) data.

2. Materials and Methods
2.1. The UKWCS Data
2.1.1. Participants

The recruitment and characteristics of the UKWCS participants have been described
previously [19]. Briefly, the UKWCS recruited a total of 35,792 women between 1995 and
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1998. They were aged 35–69 years at baseline and lived in England, Wales and Scotland.
A total of 35,372 women returned the baseline postal questionnaire.

2.1.2. Pancreatic Cancer Case Definition and Ascertainment

Subjects were flagged with the NHS Central Register for both cancer diagnosis and
death notification. Incident cancers and cause of death were coded according to the
International Classification of Diseases 9 and 10. Pancreatic cancer incidence data were
obtained from the linked data from the NHS Central Register for both cancer diagnosis
and death notification.

2.1.3. Assessment of Adipose Indicators

Anthropometric measures at baseline, including weight, height, waist and hip cir-
cumference, were self-recorded at the time of enrolment. BMI and waist–hip ratio were
calculated. BMI was categorised into the four groups of underweight, normal weight,
overweight and obese according to the WHO criteria. Skirt and blouse sizes, according
to UK clothing standards, were reported by the participants at baseline, with the clothing
sizes recorded using even numbers between 6 and 28.

2.2. Statistical Analysis

Pearson correlation coefficients between adiposity measures were calculated. The
association between obesity and pancreatic cancer risk within the UKWCS was explored
using Cox’s proportional hazards regression. Linear trends were also studied using the
adiposity indices as continuous variables. Confounding variables to be included in the
analysis were identified using a directed acyclic graph (DAG). These variables were age,
education, smoking status and hours spent on vigorous physical activity per day, measured
at the time of participant enrolment.

A preliminary simple model presented the age-adjusted hazard ratio (HR) for the
adiposity indicators. A second fully adjusted model controlled for age, smoking status,
education and physical activity. Two additional sensitivity analyses were carried out to rule
out reverse causality: (i) excluding all participants who were censored or were diagnosed
with pancreatic cancer within 3 years of enrolment, to account for latent pancreatic cancer
cases at baseline; and (ii) excluding all participants with diabetes at baseline, to account for
potential reverse causality.

All statistical analyses were conducted using STATA version 15 (StataCorp. 2017. Stata
Statistical Software: Release 15. College Station, TX, USA: StataCorp LLC.).

2.3. Institutional Approvals and Data Access

The UKWCS has ethical approval as a research database (REC reference: 17/YH/0144)
with a Public Health England data sharing contract (ODR1718_148). The UKWCS data are
held securely on the Integrated Research Campus of the University of Leeds. The data
were accessed through a virtual research environment using a token and handled as per
the requirements of the European Union General Data Protection Regulation (GDPR). Insti-
tutional approvals were also obtained from the University of Leeds and the International
Medical University (IMU) before the start of the project.

3. Results
3.1. Demographic Characteristics of the Participants at Enrolment

After excluding the prevalent cases of pancreatic cancer (n = 15) at baseline, the total
number of participants available for this analysis was 35,364, with a median follow-up of
19.3 years. In the follow-up of 654,566 person-years, there were 136 incidents of pancreatic
cancer cases, resulting in an incidence rate of pancreatic cancer in the UKWCS of 0.21 per
1000 person-years.

The mean (SD) age of the participants at enrolment was 52 (9) years, the majority
of the participants (n = 29,847, 84%) had an education above O-Level and 17,781 (53%)
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of the women were postmenopausal. At enrolment, 3810 (11%) of the participants were
smokers, 9593 (28%) reported being on a vegetarian diet and 441 (1%) reported being
vegan. Subjects’ self-reported participation in vigorous activity was highly variable and
ranged from 0 to 14 h/day, with a mean (SD) of approximately 15 (29) minutes per day.
Two percent (n = 644) of the participants reported having diabetes at baseline. Descriptive
characteristics of participants at baseline data collection are summarised by pancreatic
cancer incidence in Table 1.

Table 1. Descriptive characteristics at enrolment in the UK women’s cohort study (UKWCS) by
pancreatic cancer incidence.

Enrolment Characteristic Pancreatic Cancer Cases
(n = 136)

Others
(n = 35,228)

Age (y) Mean (SD) 59 (8) 52 (9)
Formal Education (above O-Level) n (%) 104 (76%) 29,743 (84%)

Health Behaviours and Diabetes
Vegetarian n (%) 27 (21%) 9566 (28%)

Vegan n (%) 4 (3%) 437(1%)
Walking h/day Mean (SD) 0.89 (0.70) 0.93 (0.93)

Vigorous activity h/day Mean (SD) 0.21 (0.41) 0.25 (0.48)
Prevalence of smoking n (%) 21 (15%) 3789 (11%)
Prevalence of diabetes n (%) 9 (7%) 637 (2%)

Menopausal status n (%)
Premenopausal 18 (14%) 15,933 (47%)
Postmenopausal 109 (86%) 17,672 (53%)

Anthropometric indices
BMI (kg/m2) Mean (SD) 25 (4) 24 (4)

BMI categories n (%)
Underweight (<18.5 kg/m2) 2 (2%) 736 (2%)

Normal weight (18.5–24.9 kg/m2) 67 (52%) 21,233 (63%)
Overweight (25.0–29.9 kg/m2) 41 (32%) 8585 (25%)

Obese (≥30.0 kg/m2) 20 (15%) 3329 (10%)
Waist (cm) Mean (SD) 76.7 (9.8) 73.5 (9.3)
Hip (cm) Mean (SD) 101.9 (8.2) 98.6 (8.4)

Waist–Hip ratio Mean (SD) 0.75 (0.06) 0.75 (0.06)
UK clothing sizes

Blouse size Mean (SD) 16 (3) 14 (3)
Blouse sizes n (%)

≤10 15 (11%) 5266 (15%)
12 25 (18%) 9726 (28%)
14 36 (26%) 9326 (27%)
16 25 (18%) 5870 (17%)
18 18 (13%) 2624 (8%)
≥20 17 (13%) 2095 (6%)

Skirt size Mean (SD) 16 (4) 14 (3)
Skirt sizes n (%)

≤10 7 (5%) 3529 (10%)
12 21 (16%) 8323 (24%)
14 30 (22%) 9854 (28%)
16 39 (29%) 6967 (20%)
18 12 (9%) 3383 (10%)
≥20 25 (19%) 2670 (8%)

3.2. Anthropometric Characteristics of the Participants at Enrolment

Anthropometric details of participants at baseline data collection are summarised by
pancreatic cancer incidence in Table 1. The mean (SD) BMI at enrolment was 24.5 (4.3) kg/m2.
The mean (SD) waist and hip circumference in centimetres were 73.5 (9.3) and 98.6 (8.4),
respectively, and the waist–hip ratio was 0.75 (0.06). At enrolment, the reported blouse and
skirt sizes ranged between 6 and 28.
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Pearson’s correlation coefficients between conventional anthropometric measures
and UK clothing sizes are shown in Table 2. BMI and waist and hip circumferences were
highly correlated in this cohort of women. Skirt size showed a higher degree of correlation
with both general (BMI) and central obesity indicators (waist and hip circumference) than
blouse size.

Table 2. Correlation between conventional adiposity indices and clothing sizes in the UKWCS.

BMI Waist (cm) Hip (cm) Skirt Size

Waist (cm) 0.7006

Hip (cm) 0.7613 0.7665

Skirt size 0.6241 0.6003 0.6226

Blouse size 0.3897 0.3762 0.3742 0.5815

3.3. Adiposity and Pancreatic Cancer Risk

Among the conventional adiposity indicators, a trend for higher pancreatic cancer
incidence with increasing baseline BMI and increasing waist and hip circumference was
observed, across the length of the follow-up (Table 2). Women who were obese, with a
BMI (≥30.0 kg/m2) at recruitment, had the highest incidence rates of pancreatic cancer. In
the simple model adjusted only for age, when compared to normal-weight individuals,
individuals with obesity had a 72% higher risk of pancreatic cancer (HR: 1.72, 95% CI:
1.04−2.84, p = 0. 033). However, in the fully adjusted model that was adjusted for age,
education, smoking status and physical activity, the increased cancer risk with higher BMI
was no longer statistically significant. In the fully adjusted model, only hip circumference
remained significantly associated with pancreatic cancer risk (Table 3). There was an
increase of 3% in risk for every centimetre increase in hip circumference, after adjustment
for confounders (HR: 1.03, 95% CI: 1.01 to 1.05, p = 0.009). Waist circumference and waist–
hip ratio showed no significant associations with pancreatic cancer incidence in either
model (Supplementary Figure S1).

Self-reported clothing sizes of the participants at baseline were also found to be
associated with pancreatic cancer incidence over the duration of the study. The incidence
of pancreatic cancer was highest among women who reported wearing UK blouse or skirt
sizes ≥20 at enrolment. In the fully adjusted models, each size increase in blouse and skirt
sizes (e.g., from size 12 to size 14) increased the HR of pancreatic cancer by 8% (HR: 1.08,
95% CI: 0.98 to 1.21) and 12% (HR: 1.12, 95% CI: 1.02 to 1.23), respectively (Supplementary
Figure S2).

After the exclusion of pancreatic cancer cases reported within 3 years of recruitment,
the association between BMI and pancreatic cancer risk became statistically significant
(HR: 1.04, 95% CI: 1.00 to 1.08). However, the results of this sensitivity analysis did not
greatly affect the magnitude of these associations. A second sensitivity analysis that
excluded participants with diabetes at baseline also did not change the magnitude of these
associations between obesity indices and pancreatic cancer. Nevertheless, the analysis
attenuated the statistical significance of all these associations. Both sensitivity analyses also
revealed the non-linear nature of the association of BMI with the risk of pancreatic cancer,
which was not observed in the primary analysis. The risk of pancreatic cancer was higher
among the underweight as well as the overweight and obese categories when compared to
individuals in the normal-weight category (Supplementary Tables S1 and S2).
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Table 3. Adiposity indices and hazard ratio (HR) (95% CI) for pancreatic cancer in the UKWCS.

Adiposity Indicator Person Years
Incidence

Rates
(per 1000)

Age-Adjusted
Model

HR (95% CI)
p Value

Fully Adjusted
Model 1

HR (95% CI)
p Value

Table. Cont.
BMI groups at enrolment

Cases/total 130/34,005 130/33,649 123/31,944
Underweight 13,471 0.15 (0.04–0.59) 0.98 (0.24–4.00) 0.99 (0.24–4.03)

Normal weight 398,866 0.17 (0.13–0.21) 1 (Reference) 1 (Reference)
Overweight 157,513 0.26 (0.19–0.35) 1.29 (0.88–1.91) 1.30 (0.87–1.94)

Obese 60,049 0.33 (0.21–0.52) 1.72 (1.04–2.84) 1.62 (0.96–2.74)
Linear (per kg/m2) 629,899 1.04 (1.00–1.08) 0.055 1.03 (1.00–1.07) 0.081

Waist circumference (cm)
Cases/total 116/27,607 109/26,290

Linear (per cm) 1.02 (1.00–1.03) 0.082 1.02 (1.00–1.03) 0.105
Hip circumference (cm)

Cases/total 118/27,928 111/26,589
Linear (per cm) 1.03 (1.01–1.07) 0.008 1.03 (1.01–1.05) 0.009
Waist–Hip Ratio

Cases/total 115/27,102 108/25,827

Linear (per unit) 0.64
(0.03–12.28) 0.766 0.49 (0.02–10.62) 0.652

Blouse size
Cases/total 136/34,463 128/32,830

≤10 99,504 0.15 (0.09–0.25) 1 (Reference) 1 (Reference)
12 184,427 0.14 (0.09–0.20) 0.87 (0.46–1.65) 0.81 (0.42–1.54)
14 173,520 0.21 (0.15–0.29) 1.11 (0.61–2.04) 1.12 (0.61–2.05)
16 107,627 0.23 (0.16–0.34) 1.06 (0.56–2.02) 1.03 (0.53–1.97)
18 47,029 0.38 (0.24–0.61) 1.60 (0.80–3.21) 1.46 (0.71–2.97)
≥20 36,614 0.46 (0.29–0.75) 2.07 (1.03–4.17) 1.73 (0.83–2.62)

Linear (for each size up) 648,722 1.12 (1.02–1.25) 0.024 1.08 (0.98–1.21) 0.114
Skirt size

Cases/total 134/34,462 128/32,668
≤10 67,434 0.10 (0.05–0.22) 1 (Reference) 1 (Reference)
12 158,247 0.13 (0.09–0.20) 1.09 (0.46–2.57) 1.06 (0.45–2.52)
14 184,615 0.16 (0.11–0.23) 1.08 (0.47–2.47) 1.07 (0.46–2.45)
16 127,799 0.31 (0.22–0.42) 1.71 (0.75–3.87) 1.67 (0.73–3.80)
18 60,806 0.20 (0.11–0.35) 0.98 (0.38–2.53) 0.85 (0.32–2.28)
≥20 46,708 0.54 (0.36–0.79) 2.75 (1.17–6.47) 2.63 (1.10–6.25)

Linear (for each size up) 645,609 1.14 (1.02–1.25) 0.014 1.12 (1.02–1.23) 0.041

Fully adjusted model 1: adjusted for age, smoking, education and physical activity level.

4. Discussion

In the current analysis, we investigated the associations between conventional adi-
posity indicators (BMI, waist circumference, hip circumference and waist–hip ratio) and
pancreatic cancer risk among the women enrolled in the UKWCS. We also investigated
UK clothing sizes as proxy measures for the conventional adiposity indices and evalu-
ated their association with pancreatic cancer risk. In the primary analysis, while BMI
and waist and hip circumference showed trends for positive associations with pancreatic
cancer risk, in the fully adjusted model, only hip circumference remained a significant
predictor of pancreatic cancer risk. The association between BMI and pancreatic cancer
risk became statistically significant in the sensitivity analysis that removed potential latent
cases of pancreatic cancer at baseline. This was expected given that weight loss precedes
the development of other symptoms of pancreatic cancer [20].

The significant association between hip circumference and pancreatic cancer seen
in the primary analysis remained unaltered in the sensitivity analyses. These findings
are interesting in the context of waist circumference and waist–hip ratio being widely
viewed as more effective indicators of central obesity-related health risks compared to
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hip circumference [21]. The lack of association between either waist circumference or the
waist–hip ratio and pancreatic cancer risk observed in the UKWCS is in line with findings
from the French E3N longitudinal prospective cohort [22]. Similar to the observations
in the current analysis, waist circumference and waist–hip ratio were not significantly
associated with breast cancer risk in the French E3N longitudinal prospective cohort.
However, hip circumference was associated with the risk of breast cancer irrespective of
waist circumference in premenopausal, but not postmenopausal, women in this French
cohort [22]. Both the UKWCS and the French E3N cohort study collected self-reported body
weight and circumference measurements among women. The findings from these studies
point to the differential effects of the location of fat storage and body shape on cancer
risk and the ability of self-reported body weight and size measurements to appropriately
capture these risks. These findings also suggest that hip circumference should continue to
be assessed in evaluating obesity-related disease risk in population studies.

The highest incidence of pancreatic cancer in the UKWCS occurred in women with
UK blouse or skirt sizes ≥20. However, increases in skirt size were more significantly
associated with pancreatic cancer risk compared to similar increases in blouse size. The
magnitude of the association between skirt size and pancreatic cancer risk is in the range
of the previously reported estimates for other cancers [14,16]. Earlier reports from the
UKWCS that included only postmenopausal women showed that, in fully adjusted linear
models, each size increase in skirt size was associated with a 14% (95% CI: 6–22%, p < 0.001)
increase in breast cancer risk over the course of 17 years [16]. Previously, findings from
the UKCTOCS showed that each skirt size increase at study enrolment was associated
with a 5% (95% CI: 1% to 9%, p = 0.006) increase in postmenopausal breast cancer risk in
the fully adjusted model, over a median 4-year follow-up of older women [18]. Similarly,
among the participants enrolled in the Netherlands Cohort Study, an 11% (95% CI: −7% to
32%, p = 0.06) increase in relative risk (RR) for endometrial cancer was reported for each
size increase in skirt size (used as a continuous variable) during a 13-year follow-up [14].
In the current analysis that included all the women enrolled in the UKWCS, irrespective
of their menopausal status, the fully adjusted model showed a 12% (95% CI: 2 to 23%,
p = 0.041) increase in pancreatic cancer risk over a median follow-up of 19 years when the
self-reported UK skirt size at baseline went up a size.

In the UKWCS, a higher skirt size, but not blouse size, was associated with a sig-
nificantly increased risk of pancreatic cancer. This could be because blouse size is more
affected by upper-body fat distribution, while skirt size considers both waist and hip mea-
surements and therefore is more reflective of visceral obesity. This argument is supported
by the higher degree of correlation observed in this study for skirt rather than blouse size
with traditional adiposity indices. Several studies have implicated insulin resistance and
the subsequent chronic pancreatic inflammation associated with visceral obesity in the
pathogenesis of pancreatic cancer [5–12]. When a sensitivity analysis was performed by
excluding those with diabetes at baseline, the association of all adiposity indicators with
pancreatic cancer risk was attenuated. This suggests that the effect of obesity on increasing
pancreatic cancer risk could be at least partially moderated through adiposity-related
insulin resistance and alterations in glucose homeostasis [13].

The strengths of using the UKWCS data for the current analysis include the prospective
design, the involvement of a large single-gender population, and the sufficiently long
follow-up period to account for the incidence of pancreatic cancer. Moreover, the UKWCS
collected data on weight, waist and hip circumference and UK clothing sizes for blouse
and skirt., thus facilitating the evaluation of both measures.

We also acknowledge the following limitations. Due to the rare nature of the disease,
pancreatic cancer cases were limited even within this large cohort, potentially reducing the
power to evaluate the associations of interest. Post-hoc power calculations showed that the
current analysis of both hip circumference and skirt size with pancreatic cancer incidence
yielded powers of 77% and 67%, respectively. The limited number of cases also considerably
increased the probability of committing a type II error when evaluating the association
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between BMI and pancreatic cancer. Hence, these results must be interpreted with caution.
However, it should be noted that there is a consistency in the magnitude of associations
between all adiposity indicators studied and pancreatic cancer incidence, suggesting that
the point estimates may be close to the actual values. Secondly, this study used self-
reported measures and clothing sizes. Self-reported body weight and measurements are
likely to be misreported due to social desirability bias [23,24]. However, the validity of
such measures in large epidemiological studies, specifically in European cohorts, has been
documented [25,26]. Moreover, clothing sizes have shown a high degree of correlation
with professionally measured waist circumference in adult men and women [27], thereby
making them alternative markers for adiposity [28].

Furthermore, changes in body weight, shape and health behaviour throughout the
study were not factored in the modelling. Since weight loss is a symptom and consequence
of pancreatic cancer [20], such an adjustment may attenuate any existing association
between obesity and pancreatic cancer. Finally, clothing sizes may also be influenced
by individual preferences for fit rather than bodyweight status. However, as described
earlier, there is evidence for the use of clothing sizes as strong surrogates for obesity, central
obesity and body shape [14,29]. This study adds to existent evidence that demonstrates
moderate to high levels of correlation between self-reported BMI and standard clothing
sizes in women [17,18]. Thus, the current study provides further evidence to attest to the
usefulness of collecting clothing size information in epidemiological studies and national
surveys, where readymade standard-sized clothing is commonly used. Clothing sizes are
simple, rapid, economical and non-invasive proxy measures for the conventional adiposity
indices. Finally, this study did not account for the types of pancreatic cancers in the cohort.
Given the rarity of these cancers, it was decided that further categorising the pancreatic
cancers would reduce the power to detect any association.

5. Conclusions

Pancreatic cancer incidence increased with increases in conventionally used obesity
indices (BMI, waist and hip circumference and waist–hip ratio). In our primary analysis,
only hip circumference remained a significant predictor of cancer risk when adjusted for
known confounders. Hip circumference measurements should be included in population
studies to further assess the effects of fat storage location and body shape in determining
disease risks. When the analysis excluded potential latent pancreatic cancer cases at
baseline, BMI was also significantly positively associated with pancreatic cancer risk. The
risk for pancreatic cancer increased with each size increase in skirt size. Therefore, when
standardised clothing sizes are widely used in a population, skirt sizes offer an objective,
economical and robust alternative to traditional obesity indices used to evaluate pancreatic
cancer risk in women. Thus, this study contributes further evidence to the utility of self-
reported clothing size as an indicator of obesity-related disease risk among women and
makes a case for its routine documentation in epidemiological studies and national surveys.
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