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Abstract

Objective: To document the risk of the most common types of malignancies in people with diabetes
compared to the people without diabetes.

Methods: The data source of this study is the national electronic health records system of Tiirkiye
(e-Nabiz). We analysed only the data of people over 14 years old in 2019. All the people with
ICD-0-3 codes recorded for the first time in 2019 were accepted as new tumour cases. Tumours
with /3 behaviour codes were accepted as malignant.

Results: We detected 6,775,054 (10.6%) people with diabetes and 57,167,598 people without
diabetes in our database. There were 63,696 new malignant cases in the group with diabetes
and 123,662 new malignant cases in the group without diabetes. The total number of malignant
tumours was 187,358. All types of major tumours seem to have increased risk. Pancreas cancer
has the highest OR (odds ratio), 4.02 (3.71-4.36, 95% confidence interval), and larynx cancer has
the lowest OR, 1.29 (1.19-1.41). OR for the presence of any malignancy in a person with diabetes
is 1.87 (1.85-1.89).

Conclusion: All major types of malignant tumours have an increased incidence in people with
diabetes. The results confirm the presence of a relationship between diabetes and malignancy.
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INTRODUCTION

Diabetes mellitus is a systemic disease that
has harmful effects on a series of physiologic
processes in the human body. An increased
risk of malignancy in diabetes was identified
in the 1960s in population-based studies.
There are some explanations for the
mechanism of the development of malignancy
in diabetes. Some researchers suspect
shared risk factors in both diseases, such as
age, sex, obesity, and dyslipidemia. There
are several other suggested mechanisms
for carcinogenesis in diabetes, including
the direct effect of hyperglycemia, but their
mechanisms are unclear yet!. Some studies
have shown increased risks of some cancers
after adjusting for other confounding factors,
such as obesity and dyslipidemia. Possibly
both types of factors are responsible together
for carcinogenesis. Growth hormones,
insulin resistance, inflammatory cytokines,
adipokines, and hyperlipidemia are some of
the variables that influence the development
of obesity and diabetes. By controlling several
signaling pathways, the metabolic anomalies
linked tovariationsinthese components’levels
in obesity and diabetes may play a major role
in the initiation and spread of cancer?. Insulin
resistance linked to type 2 diabetes is known
to adversely affect some important geneticand
metabolic factors that may ultimately result
in neoplastic transformation®. Additionally,
some antidiabetics may increase the risk of
cancer. There are also studies reporting a

decreased risk of cancer by metformin®.

Cancer risk is increased in both type 1 and
type 2 diabetes mellitus. Studies suggest
an association between type II diabetes
and cancer in many organs, such as the

endometrium, breast, stomach, colorectum,
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pancreas, liver, and blood®. Interestingly,
prostate cancer is reported to have a lower
incidence in people with diabetes®. Overall
cancer incidence among people with diabetes
is 10-20% higher than among those without
diabetes’. Previous reports on the risk of major
cancer types in diabetes are summarized in
Table 1.

There may be also a sex difference on the
effect of diabetes on cancer. According to a
meta-analysis, the pooled adjusted RR for
all-site cancer associated with diabetes was
1.27 (95% CI 1.21, 1.32) in women and 1.19
(1.13, 1.25) in men. Women with diabetes
had 6% greater risk compared with men with
diabetes (the pooled RRR was 1.06, 95% CI
1.03, 1.09)*.

Tiirkiye has cancer registry centers, and the
Ministry of Health publishes annual cancer
statistics. The last cancer statistics book
presented the data for 2018%%. According to
this report, cancer incidence is 283 for men
and 232 for women per 100,000. The most
common cancer types are lung, prostate, and
colorectal in men and breast, thyroid, and

colorectal in women.

The incidence of diabetes-related cancer has
not been sufficiently studied in the Turkish
population. There is only one study, a cohort
study, conducted in the Izmir region®. In
total, 1643 people with diabetes and 14,226
people without diabetes were followed up for
diabetes-related cancer development in the
following six years. According to the results of
the study, diabetes-related cancer incidence
was significantly higher in men with diabetes
diabetes. No

significant increase in malignancy in women

than without statistically

with diabetes compared to women without

diabetes was observed.
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Malignancy risk in diabetes

This study aims to document the risk of the
most common types of malignancies in people
with diabetes compared to people without

diabetes based on national electronic health
records (EHR).

Table 1. Summary of some studies reporting the risk of malignancy in diabetes. OR: Odds ratio, RR: Relative risk, SIR: Adjusted

standardized incidence ratio

Type of malignancy Year Type of diabetes Study design Risk (95% CI)

Oral 2021 Both Meta-analysis OR: 1.41 (1.10-1.81)®
Head and neck 2021 Type 2 Meta-analysis RR: 1.04 (0.88-1.23)°
Pharynx 2021 Type 2 Meta-analysis RR: 1.18 (0.94-1.49)®
Stomach 2022 Both Meta-analysis RR: 1.17 (1.02-1.34)"°
Colon 2011 Both Meta-analysis RR: 1.27 (1.21-1.34)"
Liver 2012 Both Meta-analysis RR: 2.31 (1.87-2.84)"?
Pancreas 2011 Both Meta-analysis RR: 1.94 (1.66-2.27)
Larynx 2021 Type 2 Meta-analysis RR: 1.03 (0.88-1.22)°
Lung 2020 Both Meta-analysis RR: 1.10 (0.99-1.23)*
Malignant melanoma 2014 Type 2 Meta-analysis RR: 1.15 (1.00-1.32)*
Breast 2023 Type 2 Meta-analysis RR: 1.20 (1.05-1.36)'
Uterus 2019 Both Meta-analysis RR: 1.72 (1.48-2.01)"
Ovary 2020 Both Meta-analysis RR: 1.20 (1.10-1.31)
Prostate 2013 Type 2 Meta-analysis RR: 0.86 (0.80-0.92)°
Kidney 2013 Both Meta-analysis RR: 1.40 (1.16-1.69)*
Bladder 2013 Both Meta-analysis RR: 1.35 (1.17-1.56)%
Thyroid 2017 Both Meta-analysis RR: 1.20 (1.09-1.33)%
Hodgkin disease 2012 Type 2 Meta-analysis OR: 1.02 (0.86-1.19)*
Non-Hodgkin lymphoma 2020 Type 1 Meta-analysis RR: 1.55 (1.15-2.08)%
Non-Hodgkin lymphoma 2020 Type 2 Meta-analysis RR: 1.20 (1.12-1.30)®

METHOD

This study has been reported according to the
RECORD Statement. The data source of this
study is the national EHR system of Tiirkiye,
e-Nabiz (https://enabiz.gov.tr/). At the end of
2019, the system was storing the health data
of 62,442,436 (97.7%) of 63,942,652 citizens

over 14 years old.

We analysed only the data of people over
14 years old in 2019. First, we detected all
the people who had diabetes. Our criteria
for having diabetes mellitus were 1) having
an HbAlc over 48 mmol/mol (6.5%) or 2)
having a prescription with a diabetes mellitus
diagnosis, with ICD-10 codes E10-E14. If
only metformin is prescribed, the person is

considered not to have diabetes because it is
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used in “prediabetes” and other indications?’,
or 3) having at least two fasting blood sugar
measurements over 126 mg/dl. The fasting
blood sugars that were ordered from an
emergency department or between 13.00 and
8:00 were excluded. The data was scanned
from April 2015 to the end of 2019. e-Nabiz
system started in April 2015, and we do not
have reliable data before this date. All the
citizens without diabetes over 14 years old
are in the comparison group. The pathology
reports in the system were checked for the
presence of any ICD-0-3 codes. If a patient
had an ICD-0-3 code in 2019, their data were
checked for the presence of the same code in
previous years (2015-2018). All the people
with ICD-0-3 codes recorded for the first time

in 2019 were accepted as new tumour cases
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for calculating 2019 incidences. Tumours
with /3 behaviour codes were accepted as

malignant.

This study was performed in line with the
principles of the Declaration of Helsinki.
Approval was granted by the Clinical Research
Ethics Committee of the Medical Faculty of
Akdeniz University.

The data were analysed by Microsoft Excel
2016. Calculating the pooled (age and sex-
adjusted) odds ratio and its confidence
intervals were performed by the logit method
Morris and Gardner described?. In the case
of zero cases in any category, the number was
entered as 0.001 in Excel to prevent division
by zero errors. Odds ratios with their 95%

confidence Intervals have been calculated.

RESULTS

We detected 6,775,054 (10.6%) people with
diabetes and 57,167,598 people without

diabetes in our database. There were 63,696
new malignant cases; 29,663 women and
34,033 men in the group with diabetes. There
were 123,662 new malignant cases; 56,971
women and 66,691 men in the group without
diabetes. The total number of malignant
tumours was 187,358.

Age and sex-adjusted incidences of tumours
in the population with diabetes and the
population without diabetes are compared in
Table II and Figure 1. All the tumours seem to
have an increased risk. Pancreas cancer has
the highest OR, 4.02 (3.71-4.36), and larynx
cancer has the lowest OR, 1.29 (1.19-1.41).
Men are more likely than women to develop
certain cancers, such as colorectal, liver,
pancreatic, thyroid, and other malignancies,
as well as Hodgkin disease and non-Hodgkin
lymphomas. Age and sex-specific incidences
and ORs for each type of malignancy are

presented in supplementary file.

Table 2. Age and sex-adjusted incidence (per 100,000) and pooled odds ratio of some malignant tumours in the populations

with diabetes and without diabetes.

Type of tumour Female Male Total

DM Non-DM  OR (95% CI) DM Non-DM  OR(95% CI) DM Non-DM  OR (95% CI)
Oral and 9.8 4.7 1.70 (1.53-1.88) 19.8 7.4 1.86 (1.72-2.03) 14.8 6.1 1.80 (1.69-1.92)
pharynx cancers
(Co0-C14)
Stomach cancer 21.2 10.0 1.73 (1.61-1.85) 36.0 18.0 1.72 (1.63-1.81) 28.5 14.0 1.72 (1.65-1.79)
(C16)
Colorectal cancer  35.7 16.9 1.94 (1.84-2.03) 65.7 24.7 2.26 (2.17-2.35) 50.6 20.8 2.12 (2.06-2.19)
(C18-C20)
Liver cancer 10.5 4.4 2.17 (1.97-2.39) 19.1 6.2 2.72 (2.51-2.94) 14.8 5.3 2.48 (2.34-2.64)
(c22)
Pancreas cancer 7.4 2.1 3.47 (3.06-3.93) 12.8 2.6 4.49 (4.03-5.00) 10.1 2.3 4.02 (3.71-4.36)
(C25)
Larynx cancer 0.9 0.6 1.42 (1.03-1.95) 9.8 7.2 1.29 (1.18-1.41) 5.3 39 1.29 (1.19-1.41)
(c32)
Lung cancer 221 11.8 1.67 (1.57-1.78) 91.5 52.1 1.55 (1.50-1.60) 56.7 319 1.57 (1.53-1.62)
(C34)
Malignant 1.4 0.9 1.48 (1.14-1.91) 2.5 1.1 1.95 (1.56-2.43) 19 1.0 1.73 (1.46-2.05)
melanoma (C44)
Breast cancer 108.7 58.2 1.70 (1.65-1.76) 1.9 0.8 1.82 (1.40-2.36) 55.5 29.6 1.70 (1.65-1.76)
(C50)
Uterus cancer 19.8 8.0 2.38 (2.22-2.56)
(C54)
Ovary cancer 9.4 3.4 2.26 (2.00-2.54)
(C56)
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Table 2. (countinue) Age and sex-adjusted incidence (per 100,000) and pooled odds ratio of some malignant tumours in the

populations with diabetes and without diabetes.

Prostate cancer - - - 55.7 40.7 - - 1.35 (1.30-1.40)
(c61)
Kidney cancer 8.0 34 1.96 (1.75-2.20)  19.0 7.1 217 (2.00-235) 135 53 2.10 (1.96-2.24)
(C64)
Bladder cancer 56 38 1.41(1.26-1.58)  41.0 23.2 1.64 (1.57-1.62)  23.2 135  1.61(1.54-1.68)
(c67)
Thyroid cancer  44.0 220  174(1.64-184) 204 6.4 2.21(2.01-2.44) 323 142 1.84(1.76-1.94)
(€73)
Hodgkin disease 5.3 13 2.84 (2.26-2,58)  17.2 1.8 472(397-562) 112 15 3.93 (3.42-4.52)
(c81)
Non Hodgkin 9.7 4.0 192 (1.73-2.14)  23.8 53 2.61(2.38-2.86) 167 46 2.29 (2.14-2.46)
lymphoma (C82-
€86, C96)
Other malignant  180.2 740  1.96(1.91-2.01) 2822  67.0 2.24(2.18-230) 2311 705  2.09 (2.05-2.13)
tumours
All malignant 4996 2296  187(1.84-190) 7182 2715  1.88(1.85-1.90) 6085 2505  1.87 (1.85-1.89)
tumours
(€00-C97)
We preferred to use the odds ratio as the risk
Pancreas cancer e
Hodgkin disease o factor to apply the pooled odds ratio method
Liver cancer o . . , . .
Uterus cancer . in Morris and Gardner’s study to adjust it for
Non Hodgkin lymphoma o 28 .
Ovary cancer e age and sex*®. OR is very close to RR when
Enlonecial canesr - incidence is low, so they can be accepted as
Kidney cancer K2
Other malignant tumours ° the same in practice, to compare our results
All malignant tumours ® i
Thyroid cancer - to the literature.
Lip, oral cavity and pharynx .
Malignanimeisooma | e==p Liver, colon, pancreas, breast, endometrium,
Stomach cancer ] ] ] . .
Breast cancer . ovary, kidney, bladder, thyroid malignancies,
Bladder cancer L .
Lung cancer & and non-Hodgkin lymphoma were known to
Brostate cancer | @ have a high risk in diabetes. A meta-analysis
Larynx cancer w4
13 i
Odda e 1 . . 2 " on pancreas cancer” reports 1.9 RR, which

Figure 1: Age and sex-adjusted odds ratios of major
malignancies in 6.8 million people with diabetes
compared to 57.2 million people without diabetes.
Lines representing confidence intervals are not visible
for some tumours due to being too narrow.

DISCUSSION

Theincidences ofall the common malignancies
were higher in people with diabetes compared
to people without diabetes. Larynx cancer has
the lowest OR, while pancreatic cancer has
the highest. The odds ratio for the presence of
any malignancy in a person with diabetes is
1.87 (1.85-1.89).

Turk ] Public Health 2024;22(3)

is quite lower than our results. However,
another meta-analysis with only Chinese
studies®’ reports a 3.7 RR, which is close to our
result. This situation suggests the presence of
genetic and/or environmental factors in the
pathogenesis of pancreas cancer in diabetes.
Our results are very close to the previous
meta-analyses of liver'?, and bladder?’. The
risk of colorectal carcinoma (2.1 vs. 1.3)%,
breast cancer (1.7 vs. 1.2)*¢, ovary cancer (2.3
vs. 1.2)'8, kidney cancer (2.1 vs. 1.4)*, thyroid
cancer (1.8 vs. 1.2)*, and non-Hodgkin
lymphoma (2.3 vs. 1.2)* are higher than the
reported risks in the literature.
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Some of the malignancies such as stomach
(1.72 in our study vs. 1.10% in the literature),
larynx (1.29 vs. 1.03°), lung (1.57 vs. 1.10'),
malignant melanoma (1.73 vs. 1.15%), and
Hodgkin’s disease (3.93 vs. 1.02%?), were
reported as having no risk or a minimal
increase in risk in diabetes. However, all these
tumours have an increased risk in our data.
Additionally, the total incidence of malignancy
is increased by an OR of 1.87 (1.85-1.89), in
contrast to the suggested 10-20% increase’.

Prostate cancer was reported to have a lower
risk in people with diabetes®, but we have
found an increased risk with an OR of 1.35
(1.30-1.40). This result is confusing, but it may
be due to genetic or environmental factors. An
increased risk of prostate cancer in Asian men

(RR: 1.72) was reported in a meta-analysis®.

We also analyzed if there is a sex difference
in the effect of diabetes on cancer. According
to a previous meta-analysis**, women with
diabetes had 6% greater risk compared
with men with diabetes. We did not observe
a general risk difference between men and
women. In the meta-analysis, they observed
a higher liver cancer risk in men. We
observed the same pattern in our dataset.
Additionally, we observed that men are more
likely than women to develop colorectal,
pancreatic, thyroid, and other malignancies,
as well as Hodgkin disease and non-Hodgkin
lymphomas. On the other hand, they observed
an increased risk of oral, kidney, and stomach
cancers in women, but our results have not
confirmed this relation. The differences
in these results may be due to genetic and
environmental differences, sample size, and
the absence of some confounding factors in

our dataset.

This study examined the

Turk ] Public Health 2024;22(3)

relationship

between diabetes and cancer in Tiirkiye for
the first time through national health records.
Although the study has limitations, it provides
us with valuable information due to the large
volume of data. As the study was carried out
on a large population, confidence intervals are
very narrow. Some malignancies that revealed
suspicious results in previous studies showed
prominently increased risks. The increased
risks in this study may be related to local and
genetic factors for some of the malignancies
and may not be generalizable to other
countries. EHR systems are relatively new,
and the quality of data in these systems is not
excellent yet. Our system is also unsuitable
for investigating causal relations because the
data starts from 2015. In the future, with the
accumulation of longitudinal data and better
data quality in EHRs, we expect the scientific
community to produce more information

about diabetes and other diseases.

When we were extracting data for the study,
the 2020 data was complete; however, we
considered that the incidence of tumours
must be lower than usual because of
decreased patient admission during the
COVID pandemic. Therefore, we preferred
to work with 2019 data. Because this data is
derived from the EHR, there may be questions
about the reliability of the incidences in the
present report. We compared our incidences
to official 2018 statistics?®. For example, in
men, cancer incidence is 316 vs. 283 (per
100,000, our report vs. 2018 report), 58
vs. 60 for lung, 44 vs. 42 for prostate, and
31 vs. 28 for colorectal cancers. In women,
cancer incidence is 270 vs. 232, 66 vs. 60 for
breast, 21 vs. 20 for colorectal, and 24 vs. 27
for thyroid cancer. Our incidences are close

to the official cancer registry data, although

260



Malignancy risk in diabetes

there are differences of various magnitudes.
The source of these differences may be the
possibility of detecting old cases with new
biopsies (the EHR system started in 2015, and
its coverage was lower before 2019) or the
possibility of some missed cases in the cancer
registry. On the other hand, our method
should have missed some cases because of
the absence of a pathology report. According
to official statistics, 91.3% of the cases have
histopathological confirmation. However,
these problems are valid for both people with
and without diabetes. Our study is based on
the data extracted from the national EHR,
and this system is not specifically designed
as a diabetes or cancer registry. We extracted
the data from a daily operational database
that may contain errors. Additionally, some
data may be absent in the database, so it
is possible that we could not include some
diabetes or tumour cases. On the other hand,
type 1 and type 2 diabetes may pose different
risks to different tumours. However, we are
not able to differentiate the type of diabetes
in our dataset. So the results are a mixture
of type 1 and predominantly type 2 diabetes.
Another limitation is the absence of data
related to possible confounding factors such

as infections, alcohol, and smoking.

CONCLUSION

According to the results of the present study,
all major types of malignant tumours have an
increased incidence in people with diabetes.
The population analysed in this study was
larger than most previous studies, and ORs
with quite narrow confidence intervals were
obtained because the study is based on a
national EHR system that contains 6,7 million
people with diabetes and 57,2 million people
without diabetes. The common risk factors for

Turk ] Public Health 2024;22(3)

diabetes and malignancy, namely obesity and
the absence of glycemic control, are serious
public health problems to be fought. Health
policymakers must also develop strategies for
the early detection of malignancies in patients
with diabetes.
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