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A B S T R A C T

Background: Patients with type 2 diabetes mellitus (T2DM) have been shown to have higher incidences of liver,
pancreatic, and colorectal cancer compared to non-diabetic individuals. Current evidence is conflicting for other
gastrointestinal (GI) cancers. Therefore, we aimed to determine incidence rates (IRs) of all GI cancers in patients
with and without T2DM.
Methods: A cohort study was performed using the UK Clinical Practice Research Datalink (1988-2012). A cohort
of antidiabetic drug users was matched at baseline to a non-diabetic cohort, by age, sex, and practice. Crude IRs
and 95% confidence intervals (95% CI) of GI cancers per 100,000 person-years were calculated stratified by age,
sex, and calendar year.
Results: 333,438 T2DM and 333,438 non-diabetic individuals were analyzed. IRs of liver (IR 26, 95% CI 24–28
vs. 8.9, 95% CI 7.7–10), pancreatic (IR 65, 95% CI 62–69 vs. 31, 95% CI 28–34), and colon cancer (IR 119, 95%
CI 114–124 vs. 109, 95% CI 104–114) were significantly higher in the diabetic compared to the non-diabetic
cohort, whereas the IR of oesophageal cancer was significantly lower (IR 41, 95% CI 39–44 vs. 47, 95% CI
44–51). Sex-specific IRs of colon cancer remained significantly higher in men with T2DM, and IRs of esophageal
cancer remained significantly lower in women with T2DM.
Conclusion: In this study, T2DM patients were shown to have higher crude IRs of liver, pancreatic and colon
cancer, but not of gastric, biliary, and rectal cancer. Moreover, the lower observed IRs of oesophageal cancer in
diabetic patients warrants further investigation.

1. Introduction

There is a growing body of evidence on an increased risk of cancer
in type 2 diabetic patients, including gastrointestinal (GI) malignancies
[1–7]. However, the data are conflicting for specific GI cancer sites,
such as the upper gastrointestinal tract and biliary system. The stron-
gest associations have been found for liver and pancreatic cancer, al-
though ascertainment bias and reverse causality may have played an
important role [8–10]. Furthermore, age-sex stratified analyses have

not always been reported, despite the demonstration of age- and sex-
specific differences in cancer risk, with GI cancer occurring more fre-
quently at a higher age and more frequently in men [1].

Type 2 diabetic patients may have an increased risk of GI cancers
through several common risk factors, such an older age, exposure to
alcohol, smoking, a high caloric diet, lack of physical activity, and in-
creased body mass index (BMI) [1]. In addition, site-specific risk factors
that are more prevalent among diabetic patients may play an important
role. These include gastro-oesophageal reflux disease in oesophageal
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cancer, Helicobacter pylori infections in gastric cancer, gallstone for-
mation in biliary tract cancer, and non-alcoholic fatty liver disease or
cirrhosis in hepatocellular carcinoma [11–14].

The underlying biological mechanisms that may explain the asso-
ciation between type 2 diabetes mellitus and cancer have yet to be
further unraveled. In general, three pathophysiological mechanisms
have been proposed which act through metabolic, hormonal and in-
flammatory pathways, namely: hyperglycaemia/hyperinsulinaemia,
insulin/insulin-like growth factor (IGF) axis and chronic inflammation.
Hyperinsulinaemia stimulates IGF-1 production, which may subse-
quently promote tumor growth by induction of cell proliferation and
inhibition of apoptosis. Hyperinsulinaemia is also the hallmark of in-
sulin resistance, which in turn stimulates the release of pro-in-
flammatory cytokines causing a pro-inflammatory state [1].

Most studies have reported relative measures of risk of cancer with
diabetes, without a focus on the absolute numbers regarding the in-
cidence of GI cancer in the diabetic population. To our knowledge
population-based incidence rates of all subtypes of GI cancers in dia-
betic patients versus matched controls are unknown. Therefore, our aim
was to determine incidence rates of GI malignancies for each site of the
digestive tract in type 2 diabetic and non-diabetic individuals in the
United Kingdom (UK).

2. Materials and methods

2.1. Data source

Data were obtained from the UK Clinical Practice Research Datalink
(CPRD). The CPRD is an ongoing primary care database that comprises
anonymized electronic medical records from British general practi-
tioners since 1987, with coverage of over 11.3 million patients from
674 practices [15,16]. Currently, the population of active patients re-
presents 6.9% of the total UK population. CPRD records include de-
mographic information, medication prescription details, clinical events,
preventive care provided, diagnostic tests, specialist referrals, hospital
admissions, and major outcomes [16]. The accuracy and completeness
of CPRD data have been well-validated [17,18]. The protocol of this
study was approved by CPRD’s Independent Scientific Advisory Com-
mittee (Protocol 15_143).

2.2. Study population

To examine GI cancer incidence rates (IRs) across anatomic subsite,
age, sex, and calendar year among type 2 diabetic patients and non-
diabetic individuals, we included a cohort of antidiabetic drug (ADD)
users (diabetic cohort) and a (1:1) matched reference cohort using in-
cidence sampling technique (Supplementary Fig. S1). The diabetic co-
hort consisted of all registered adult patients (aged 18+ years) with at
least one prescription for an ADD recorded in CPRD during valid data
collection (January 1988-December 2012. The date of first ADD pre-
scription defined start of follow-up (index date). Each diabetic patient
was matched to a reference patient without any past recorded pre-
scriptions for ADDs by sex, year of birth, and practice. Reference pa-
tients were assigned the same index date as their matched diabetic
patient. Patients in the reference cohort could become diabetic patients
if an ADD prescription was recorded. At the prescription date the pa-
tient was censored as a reference and matched, as a diabetic patient, to
a new reference. Non-diabetic reference subjects could have suffered
from any other disease than diabetes mellitus or those mentioned as
exclusion criteria below.

Patients with a prescription for insulin at the index date, without a
concomitant prescription for a non-insulin ADD, were excluded if (a)
they had a recorded diagnosis for type 1 diabetes mellitus or (b) they
were under 30 years of age at cohort entry. These patients were con-
sidered having type 1 diabetes mellitus. Secondly, all subjects with a
history of the cancer of interest prior to cohort entry (i.e. all subjects

with a history of gastric cancer when investigating gastric cancer) were
excluded. Furthermore, all metformin only users who had a history of
polycystic ovary syndrome (PCOS) prior to cohort entry were excluded,
as they are more likely to receive metformin as a treatment for PCOS,
instead of type 2 diabetes mellitus. In addition, we excluded diabetic
patients without any subsequent prescriptions for an ADD (after the
initial prescription recorded at baseline). All matched individuals of
excluded subjects were excluded as well.

2.3. Outcome

All study participants were followed up from the index date to a
diagnosis of a GI malignancy, the end of data collection, the date of
transfer out of the practice area, or death, whichever came first. The
first medical record for a GI cancer in CPRD after cohort entry was
taken as the diagnosis date of a new case. Subsites of cancer were
classified according to their anatomical location; i.e. cancer of the
esophagus, stomach, liver, gallbladder and extrahepatic bile ducts
(biliary), pancreas, small intestines, colon and rectum. A high level of
validity for the recording of cancer in the CPRD has been previously
reported [19].

2.4. Statistical analyses

To describe and compare both cohorts at baseline, we analyzed
various lifestyle factors (smoking status, alcohol use, body mass index),
a diagnosis of various comorbidities ever before (gallstone disease,
gastro-esophageal reflux disease (GERD), Helicobacter pylori infection,
hypertension, inflammatory bowel disease (IBD), chronic liver disease,
and chronic pancreatitis), use of drugs during the past 6 months before
start of follow-up (antihypertensives, aspirin, non-steroidal anti-in-
flammatory drugs (NSAIDs), proton-pump inhibitors, and statins), and
if a subject had a colonoscopy for colorectal cancer screening purposes
during the year before start of follow-up.

Overall, age-, sex-, and site-specific incidence rates (IR) per 100,000
person years (py) and incidence rate ratios (IRR) with 95% confidence
intervals (CI) were calculated for GI cancers in the diabetic and re-
ference cohort. IRRs were calculated by dividing the IR of the non-
diabetic cohort by the IR of the type 2 diabetic cohort. Differences
between IRs were tested for statistical significance using the normal-
theory test (α < 0.05) [20]. To assess secular trends, data were pre-
sented by age group and time period of cancer diagnosis. Age groups
consisted of 5-year intervals, with the exception of those aged ‘18
through 29 years’ (as cancer is rare these patients) and ending with
‘85+ years’. Calendar time was broken down into six periods:
2001–2002, 2003–2004, 2005–2006, 2007–2008, 2009–2010, and
2011–2012. Time periods for 1988–2000 were not shown due to lower
accuracy of CPRD database during that period. Due to a small number
of small intestinal cancer cases, graphs for this cancer site are not
shown as no reliable conclusions could be drawn. Furthermore, when
the number of cases in a specific subgroup was less than six, data were
not shown (suppressed) for reasons of patient privacy.

2.5. Sensitivity analyses

To prevent possible detection bias after the diagnosis of type 2
diabetes mellitus and account for possible reverse causality, a sensi-
tivity analysis was performed by excluding the first year of follow-up
after the index date from the analysis for all patients and subsequently
calculating subsite- and sex-specific IRs during the remaining follow-up
period. All data management and statistical analyses were conducted
using SAS 9.2 (SAS Institute Inc., Cary, NC, USA).

3. Results

During more than 3.6 million person-years of follow-up, 10,977 GI
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cancer cases were observed in 333,438 type 2 diabetic patients and
333,438 non-diabetic individuals. Baseline characteristics are presented
in Table 1. Type 2 diabetic patients had on average a higher BMI, and a
higher proportion was former smokers. Non-diabetic individuals were
more often current smokers, and a higher proportion had used alcohol.
In addition, statistical significant differences were seen between the
type 2 diabetic and non-diabetic cohort in the histories of various co-
morbidities (e.g. gallstone disease, gastro-esophageal reflux disease,

hypertension) at baseline, use of drugs (e.g. antihypertensives, aspirin,
statins) during the 6 months before baseline, and colorectal cancer
screening colonoscopy during the year before cohort entry.

3.1. Cancer incidence by cancer site

The IRs of any GI cancer (IR 330, 95% CI 322–339 vs. 276, 95% CI
268–284 per 100.000 py; IRR 1.20, 95% CI 1.15–1.24), liver (IR 26,
95% CI 24–28 vs. 8.9, 95% CI 7.7–10; IRR 2.87, 95% CI 2.40–3.44),
pancreatic (IR 65, 95% CI 62–69 vs. 31, 95% CI 28-34; IRR 2.12, 95%
CI 1.92–2.34), and colon cancer (IR 119, 95% CI 114–124 vs. 109, 95%
CI 104–114; IRR 1.09, 95% CI 1.03–1.16) were significantly higher
(p < 0.05) in the diabetic cohort compared to the reference cohort
(Table 2). In contrast, the IR of esophageal cancer was significantly
lower in the diabetic cohort compared to reference cohort (IR 41, 95%
CI 39–44 vs. 47, 95% CI 44–51; IRR 0.87, 95% CI 0.79–0.96,
p < 0.05). Among the other subsites of GI cancer no significant dif-
ferences in IRs between the diabetic and reference cohorts were seen.
Similar results were found in a sensitivity analysis excluding 1 year of
follow-up after the index date, except for pancreatic cancer in the
diabetic cohort which declined to an IR of 48, 95% CI 45–52 (data not
shown). However, the difference in IRs for pancreatic cancer between
the diabetic and reference cohort remained statistically significant.

3.2. Cancer incidence by sex

Men with type 2 diabetes mellitus had significantly higher IRs of
any GI, liver, pancreatic and colon cancer compared to male reference
patients (Table 2). In women with type 2 diabetes mellitus, significantly
higher IRs were observed for any GI, liver, and pancreatic cancer
compared to female reference patients. The lower IRs for esophageal
cancer in the diabetic cohort only remained statistically significant in
women, although in general, males had higher IRs of esophageal cancer
than females. Among the other GI cancer sites no significant differences
in IRs between the diabetic and reference cohorts were found after
stratifying by sex.

3.3. Cancer incidence by age

Fig. 1 shows the site-specific IRs of GI cancers stratified by 5-year
age groups for the diabetic and reference cohorts. Amongst all cancer
sites, IRs increased with increasing age for both populations. Differ-
ences between the diabetic and reference cohort for IR at increasing age
were most pronounced in liver, pancreatic and colon cancer. For other
GI cancer sites, IRs by age overlapped between the two cohorts. Age-
specific IRs of gastrointestinal cancers did not differ evidently when
stratified by sex (data not shown).

3.4. Cancer incidence over time

IRs of any GI, liver, and pancreatic cancer in the diabetic cohort
remained clearly elevated over time compared to the reference cohort
(Fig. 2). Moreover, IRs of liver cancer more than doubled in time in the
diabetic cohort, while remaining stable in the reference cohort. Also,
trends of increasing IRs for colon cancer were observed in both the
diabetic and reference cohort. In contrast, IRs of pancreatic cancer
declined slightly over time in both cohorts, while IRs of any GI, eso-
phageal, gastric, and biliary cancer remained more or less stable. In
addition, IRs of esophageal cancer differed only in the time periods
2003–2004 and 2005–2006 between the two cohorts, being higher in
the reference cohort. For other GI cancer subsites no noteworthy dif-
ferences in IRs were seen between the diabetic and reference cohorts
over time.

Table 1
Baseline characteristics of the type 2 diabetic and non-diabetic cohorts.

Characteristic Type 2 diabetic
cohort
(n= 333,438a)

Non-diabetic cohort
(n= 333,438a)

p-value

Median age at start
follow-up (years,
IQR)

61.8 (52-73) 61.8 (52-73)

Male (n, %) 183,297 (55) 183,297 (55)

Type of antidiabetic
drugb (n, %)

Metformin 205,288 (61.6)
Sulfonylureas 105,273 (31.6)
Thiazolidinediones 7,632 (2.3)
Meglitinides 1,017 (0.3)
DPP4-inhibitors 1,584 (0.5)
GLP-1 analogues 481 (0.1)
Insulin 49,340 (14.8)

Body mass index (BMI)
category (n, %)

< 20 4,929 (1.5) 13,357 (4.0)
20-24 45,379 (13.6) 87,337 (26.2)
25-29 96,021 (28.8) 95,728 (28.7)
30-34 73,749 (22.1) 36,223 (10.9)
≥35 58,551 (17.6) 14,601 (4.4)
Unknown 54,809 (16.4) 86,192 (25.8) < 0.05

Smoking status (n, %)
Current 69,225 (20.8) 70,518 (21.1)
Former 68,672 (20.6) 52,520 (15.8)
Never 147,391 (44.2) 150,281 (45.1)
Unknown 48,150 (14.4) 60,119 (18.0) < 0.05

Alcohol use (n, %)
Yes 184,431 (55.3) 198,074 (59.4)
No 72,026 (21.6) 47,918 (14.4)
Unknown 76,981 (23.1) 87,446 (26.2) < 0.05

Comorbidities (n, %)
Gallstone disease 9,173 (2.8) 5737 (1.7) < 0.05
Gastro-esophageal reflux

disease
29,463 (8.8) 26,638 (8.0) < 0.05

Helicobacter pylori
infection

3,756 (1.1) 3543 (1.1) < 0.05

Hypertension 146,486 (43.9) 83,326 (25.0) < 0.05
Inflammatory bowel

disease
3,090 (0.9) 2516 (0.7) < 0.05

Chronic liver disease 3,613 (1.1) 1190 (0.4) < 0.05
Chronic pancreatitis 1,419 (0.4) 270 (0.1) < 0.05

Other drug-useb (n, %)
Antihypertensives 192,086 (57.6) 102,911 (30.9) < 0.05
Aspirin 92,558 (27.8) 41,511 (12.4) < 0.05
NSAIDsc 44,265 (13.3) 38,245 (11.5) < 0.05
Proton-pump inhibitors 53,164 (15.9) 35,558 (10.7) < 0.05
Statins 130,666 (39.2) 43,526 (13.0) < 0.05

Colorectal cancer
screening (n, %)

2903 (0.9) 3577 (1.1) < 0.05

a Based on analysis of any gastrointestinal cancer.
b Multiple prescriptions on the index date occurred.
c Non-steroidal anti-inflammatory drugs (excluding apirin).
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4. Discussion

This study provides a comprehensive overview of IRs of GI cancers
in people with and without diabetes mellitus using the CPRD database.
Yearly, approximately one in every 300 type 2 diabetic patients in the
UK developed a GI cancer. In general, IRs of any GI, liver, pancreatic,
and colon cancer were higher in diabetic patients compared to non-
diabetic individuals, with an IR of 26 per 100,000 person-years for liver
cancer, an IR of 65 per 100,000 person-years for pancreatic cancer, and
an IR of 119 for colon cancer in the diabetic population. In contrast,
patients with type 2 diabetes mellitus had lower IRs of esophageal
cancer compared to individuals without diabetes, however this differ-
ence was small, namely 6 esophageal cancers per 100,000 person-years.
In the diabetic cohort, IRs for any GI, liver, pancreatic, and colon cancer
were clearly elevated in almost all age groups and time periods com-
pared to the non-diabetic cohort. In addition, an increasing time trend
was observed for liver cancer in the diabetic cohort, for colon cancer in
both cohorts, whereas for pancreatic cancer a decreasing trend was
observed in both cohorts.

A substantial number of studies have reported increased risks of
liver, pancreatic, and colon cancer in patients with type 2 diabetes
mellitus independent of other risk factors [21–29]. As a result, type 2
diabetes mellitus is considered as a risk factor for these cancer types
[1]. Our results support this claim, especially for liver and pancreatic
cancer where the differences in IRs were most pronounced. Further-
more, these differences became more apparent when stratified by age

and time period. However, more recent studies have shown that part of
the association might be affected by detection bias or reverse causation
[8,30]. To minimize these biases, a sensitivity analysis was performed,
excluding the first year of follow-up after the index date, which did not
change the results, except for a substantial, but non-significant decrease
in the IR of pancreatic cancer in the diabetic cohort. This might suggest
that reverse causality plays a role in pancreatic cancer.

Insulin is thought to be one of the major hormonal contributors to
the diabetes-cancer link [1]. On the one hand, both the liver and the
pancreas are exposed to higher levels of endogenous insulin compared
to other organs via the portal venous system, possibly leading to an
increased risk of cancer [1]. On the other hand, both liver and pan-
creatic cancers are known to impair glucose regulation and induce
diabetes as well [8,31]. Therefore, the association between type 2
diabetes mellitus and these cancers may very well be bidirectional.

As for colorectal cancer (CRC), a recent umbrella review of meta-
analyses showed that meta-analyses reporting an increased risk of CRC
in diabetics are robust, showing an absolute risk increase of around 30
percent [32]. More importantly, because of the sheer number of in-
cident CRC cases worldwide, the growing number of type 2 diabetics,
and the increasing time trend observed in this study, this might have an
enormous impact on the world population and global health care sys-
tems. Furthermore, since CRC screening programs have been im-
plemented or are at present being implemented in an increasing
number of countries, more targeted and tailored screening of diabetics
should be considered in the near future.

Table 2
Overall, site- and sex-specific gastrointestinal cancer incidence rates in patients with and without type 2 diabetes mellitus.

Overall Type 2 diabetic cohort Non-diabetic cohort

Cancer site Cases PY IR 95% CI Cases PY IR 95% CI IRR 95% CI

Any gastrointestinala 6165 1,866,547 330 322–339 4812 1,744,473 276 268-284 1.20 1.15-1.24
Esophagusa 785 1,900,616 41 39-44 842 1,776,232 47 44-51 0.87 0.79-0.96
Stomach 520 1,900,968 27 25-30 497 1,776,437 28 26-31 0.98 0.86-1.11
Small intestines 36 1,902,494 1.9 1.4-2.6 33 1,777,819 1.9 1.3-2.6 1.02 0.64-1.63
Livera 489 1,902,065 26 24-28 159 1,777,586 8.9 7.7-10 2.87 2.40-3.44
Biliary 232 1,902,096 12 11-14 202 1,777,298 11 9.9-13 1.07 0.89-1.30
Pancreasa 1243 1,900,866 65 62-69 548 1,775,796 31 28-34 2.12 1.92-2.34
Colona 2243 1,882,327 119 114-124 1920 1,759,228 109 104-114 1.09 1.03-1.16
Rectum 1007 1,892,627 53 50-57 911 1,768,695 52 48-55 1.03 0.94-1.13

Men Type 2 diabetic cohort Non-diabetic cohort

Cancer site Cases PY IR 95% CI Cases PY IR 95% CI IRR 95% CI

Any gastrointestinala 3959 1,024,487 386 375-399 3005 932,751 322 311-334 1.20 1.14-1.26
Esophagus 593 1,044,940 57 52-62 600 951,374 63 58-68 0.90 0.80-1.01
Stomach 362 1,045,280 35 31-38 347 951,552 36 33-41 0.95 0.82-1.10
Small intestines 26 1,046,340 2.5 1.7-3.6 17 952,565 1.8 1.1-2.9 1.39 0.76-2.57
Livera 386 1,045,964 37 33-41 106 952,328 11 9.2-13 3.32 2.67-4.11
Biliary 120 1,046,173 11 9.6-14 104 952,338 11 9.0-13 1.05 0.81-1.37
Pancreasa 666 1,045,411 64 59-69 296 951,393 31 28-35 2.05 1.79-2.35
Colona 1408 1,034,745 136 129-143 1109 942,327 118 111-125 1.16 1.07-1.25
Rectum 676 1,039,851 65 60-70 632 946,575 67 62-72 0.97 0.87-1.09

Women Type 2 diabetic cohort Non-diabetic cohort

Cancer site Cases PY IR 95% CI Cases PY IR 95% CI IRR 95% CI

Any gastrointestinala 2206 842,060 262 251-273 1807 811,721 223 213-233 1.18 1.11-1.25
Esophagusa 192 855,676 22 19-26 242 824,858 29 26-33 0.76 0.63-0.92
Stomach 158 855,688 18 16-22 150 824,885 18 15-21 1.02 0.81-1.27
Small intestines 10 856,154 1.2 0.6-2.2 16 825,254 1.9 1.2-3.2 0.60 0.27-1.33
Livera 103 856,101 12 9.9-15 53 825,258 6.4 4.9-8.4 1.87 1.35-2.61
Biliary 112 855,923 13 11-16 98 824,959 12 9.7-14 1.10 0.84-1.44
Pancreasa 577 855,455 67 62-73 252 824,403 31 27-35 2.21 1.90-2.56
Colon 835 847,581 99 92-105 811 816,901 99 93-106 0.99 0.90-1.09
Rectum 331 852,776 39 35-43 279 822,119 34 30-38 1.14 0.98-1.34

Abbreviations: PY (person-years), IR (incidence rate per 100,000 person-years), CI (confidence interval), IRR (incidence rate ratio).
a Statistically significant, p < 0.05.
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In contrast to the other gastrointestinal cancer sites, we observed a
significantly lower IR of esophageal cancer in patients with type 2
diabetes mellitus compared to non-diabetic individuals, although the
observed difference was small (IR 41 vs. 47 per 100,000 py) and did not
differ much after stratification by sex. Lifestyle factors such as smoking
and alcohol use are important risk factors for esophageal cancer,
especially for squamous cell carcinoma [33]. At baseline these factors
differed significantly between the diabetic and reference cohorts, the
latter being more often current smokers and users of alcohol, which
could explain the observed difference in IRs. On the other hand, type 2
diabetic patients had a higher BMI compared to non-diabetic in-
dividuals, predisposing them to a higher risk of gastro-esophageal re-
flux disease, reflux esophagitis, and subsequently Barrett’s esophagus
and adenocarcinoma of the esophagus [34–36]. Unfortunately, histo-
logic subtypes of esophageal cancer could not be analyzed in this study.
Indeed, it is known that the two main histologic subtypes of esophageal
cancer (squamous cell carcinoma and adenocarcinoma) show marked

epidemiological, pathogenic, and biological differences [34]. For in-
stance, the incidence of esophageal adenocarcinoma has increased in
recent years, whereas the incidence of esophageal squamous cell car-
cinoma has markedly decreased [37]. In general, a modestly increased
risk of esophageal cancer in type 2 diabetic patients (summary relative
risk 1.30, 95% CI: 1.12–1.50) compared to non-diabetic individuals has
been observed, although not remaining significant after stratification
for sex [34].

The major strength of this study is the use of the CPRD, one of the
world’s largest population-based databases. The CPRD contains ap-
proximately 7% of the UK population, and is representative of the UK
general population in terms of age, sex, and ethnicity [15,16]. In ad-
dition, a high level of validity for the recording of cancer in the CPRD
has been previously reported, with cancer diagnosis being valid and
accurate more than 90% of the time [19]. However, potential ascer-
tainment or misclassification bias could not be ruled out. Furthermore,
we reported the absolute number of cases and IRs of GI cancers instead

Fig. 1. Overall and site-specific GI cancer incidence rates stratified by 5-year age categories (x-axis). The yaxis indicates the incidence rate in number of events per
100,000 person-years. GI: gastrointestinal, T2DM:Type 2 diabetes mellitus, IR: incidence rate. Black line: type 2 diabetic cohort, Grey line: reference cohort.
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of relative risks, to adequately show the difference in IRs between both
populations.

The main limitation of this study is that causal interpretation of the
findings is restricted. Secondly, diabetic status was defined by the re-
corded prescription of ADDs. Therefore, misclassification of exposure,
and thereby diabetic status, might have occurred since the derived
prescription from the GP system may not have been dispensed by the
pharmacy, or actually used by the subject. However, most diabetic
patients require chronic medication for adequate glycaemic control,
making misclassification less likely for those being prescribed drugs on
a regular basis. Also, it is possible that type 2 diabetic patients not
treated with ADDs or undetected diabetes mellitus were included in the
reference population. This could have biased the results by diminishing
the difference in IRs between cohorts. Additionally, controls could have
suffered from any other disease than diabetes mellitus or those men-
tioned as exclusion criteria. This could have impacted their survival and

therewith their chance of developing cancer. This might explain the
somewhat lower total person-years of follow-up in controls.
Furthermore, it is possible that the results are confounded, as we could
not take into account any risk factors (e.g. smoking, consumption of
alcohol, obesity, drug use, and comorbidities) that might contribute to a
higher cancer rate in diabetic patients. Also, type 2 diabetic patients
and controls were matched on general practice, but residual con-
founding by socio-economic status could still be present. In addition,
the observed IRs in the reference cohort were generally higher com-
pared to age-standardized incidence rates (ASRs) of GI cancers in the
general population of the UK [38]. We calculated ASRs using the direct
method according to the Segi-Doll world standard population to verify
whether IRs were comparable to previously reported ASRs in the UK
[39,40]. After age-standardization, ASRs of the reference cohort were in
line with ASRs in the UK as reported in the tenth volume of the Cancer
Incidence in Five Continents series, published by the International

Fig. 2. Time trends in any and site-specific IRs of GI cancer in the diabetic and non-diabetic cohort, by calendar period (2001-2012; x-axis). The y-axis indicates the
IR in number of events per 100,000 personyears.GI: gastrointestinal, IR: incidence rate. Black line: type 2 diabetic cohort, Grey line: reference cohort.
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Agency for Research on Cancer and the International Association of
Cancer Registries (data not shown) [38].

This large retrospective population-based cohort study shows that
patients with type 2 diabetes mellitus have higher incidence rates for
liver, pancreatic, and colon cancer compared to non-diabetic in-
dividuals. In general, one in every 300 type 2 diabetic patients devel-
oped a GI cancer every year. Furthermore, we found no differences in
IRs between type 2 diabetic and non-diabetic individuals for gastric,
biliary, and rectal cancer. Conversely, slightly lower IRs were observed
in type 2 diabetic patients for esophageal cancer. The results of this
study underline the importance of clinical awareness for liver, pan-
creatic, and colon cancer in the type 2 diabetic population. In addition,
the lower observed IRs of esophageal cancer in diabetic patients war-
rants further investigation.
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