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Simple Summary: This study aimed to determine the risk and rate of development of overall and
site-specific cancer in patients with type 2 diabetes mellitus compared with non-diabetic individu-
als. In this retrospective cohort study, excess incidence of cancer was found in patients with type
2 diabetes mellitus. While the incidence of cancer decreased in non-diabetic controls between 2015
and 2019 in most age groups and for several cancer sites, this decrease was less significant among
patients with type 2 diabetes mellitus. Therefore, the results of this study demonstrate that the
presence of type 2 diabetes mellitus leads to a higher incidence of cancer.

Abstract: (1) Background: Among the chronic complications of type 2 diabetes mellitus, cancer has
become the leading cause of death in several countries. Our objective was to determine whether
prevalent type 2 diabetes mellitus is associated with a higher incidence of cancer. (2) Methods: This
study comprised a nationwide analysis conducted in Hungary. The study population was divided
into two groups: a type 2 diabetes mellitus group vs. a non-diabetic group. The primary outcome
was the risk related to overall cancer incidence; a key secondary outcome was the overall incidence
of cancer in distinct study years; and a further outcome was the annual percent changes. (3) Results:
The odds ratio related to the overall incidence of cancer was 2.50 (95% confidence interval: 2.46-2.55,
p < 0.0001) in patients with diabetes as related to non-diabetic controls. The odds ratio was higher in
males than in females [ORy,es: 2.76 (2.70-2.82) vs. ORfemales: 2-27 (2.22-2.33), p < 0.05 for male-to-
female comparison]. The annual cancer incidence rate declined in non-diabetic controls, but not in
patients with diabetes [-1.79% (—2.07-—1.52%), p < 0.0001] vs. —0.50% (—1.12—+0.10%), p = 0.0991].
Several types of cancer showed a decreasing tendency in non-diabetic controls, but not in patients
with type 2 diabetes. (4) Conclusions: Type 2 diabetes is associated with a higher risk of cancer. While
the cancer incidence decreased for non-diabetic individuals with time, it remained unchanged in
patients with T2DM.

Keywords: diabetes mellitus (type 2); cancer; incidence; age; epidemiology

1. Introduction

Type 2 diabetes mellitus (T2DM) is a disease with a worldwide high and increas-
ing prevalence [1]. In recent decades, cardiovascular and renal risk have become the
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focus of treatment of T2DM [2]. However, improvements in pharmacological and non-
pharmacological therapeutic approaches have ameliorated cardiovascular disease (CVD)
and renal outcomes [3]; therefore, CVD-related mortality decreases faster than the change
in cancer-related mortality [4]. In fact, research has shown that “Cancer is becoming the
leading cause of death in diabetes” [5]. For example, in Australia, between 1997 and 2010,
CVD-related mortality decreased while cancer-related mortality increased [6]. A study
from Hong Kong found that for those in the age group between 45-74 years, cancer was
the leading cause of mortality in patients with diabetes [7]. A Swedish national observation
study showed that CVD-related mortality decreased in patients with T2DM and in controls
between 1998 and 2012, whereas cancer-related mortality increased. The study suggests
that cancer would expectedly be the leading contributor to mortality in patients with T2DM
by 2030 and in the control group by 2040 [8]. Researchers from England found that for those
in the age groups between 75-85 and 85+ years, the risk of cancer increased by 1.2% and
1.6% annually [9]. Data from Scotland verified that mortality due to CVD has decreased,
while mortality related to cancer has become the leading cause of mortality in diabetes,
reaching 28% by 2018 [10]. Data from the Global Burden of Disease show that cancer is the
second most common cause of mortality worldwide, and, in fact, in high-income countries,
cancer is the most frequent cause [11]. Thus, research related to diabetes and cancer is
becoming an important area of interest.

As the majority of previous studies either selected one particular type of cancer or
focused on the effect of age and gender, providing data on temporal changes separately, the
present study aimed to obtain robust, nationwide data on the risk of cancer development
in patients with T2DM. Moreover, we also aimed to report on the effect of age and gender
and analyze temporal trends in order to present the results on these parameters for 20+
cancer sites in a single article. Furthermore, we aimed to provide a brief overview of the
pre-existing data of the literature. Thus, the present study is not merely a replication of
previous findings.

2. Materials and Methods

This study was carried out in accordance with the Declaration of Helsinki [12]. The
study protocol was approved by the Scientific and Research Ethics Committee of the Medi-
cal Research Council of Hungary (BMEU/325-1/2022/EKU). During the preparation of the
manuscript, the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) guideline was followed.

The study population was also investigated according to decades of age. Furthermore,
subgroup comparisons of those aged 18-59 and 60+ years were performed. The study
population cut-off was 60 years of age for two reasons: (i) this is the cut-off age suggested
by the WHO to be used for the definition of the elderly population [13]; (ii) the 60+ age
subgroup comprises approximately 25% of the total population and nearly 33% of the
general adult population [14], providing sufficient data for analysis.

Data Sources

All data—consisting of data on patients with T2DM, the background population,
and cancer data related to cases or controls—were obtained from the same database, i.e.,
the National Health Insurance Fund (NHIF) database. The official data of the Central
Statistical Office (CSO) were only used to obtain the total Hungarian population number.
By subtracting the number of patients from the total population count, we determined the
number of non-diabetic controls. By subtracting the number of cases of cancer from the
total population count, we determined the number of patients at risk of developing cancer.
Based upon the ICD-10 codes, the NHIF data indicate whether a person did or did not
have diabetes at a given time and whether the person suffered from cancer. However, due
to data protection rules, we did not receive any person-level data; only data of selected
groups and subgroups were obtained. Furthermore, the NHIF database provided only
aggregated data for subgroups with >10 cases and the results of the statistical models.
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Cancer-related cases were identified according to previously applied methods [15,16]
and T2DM cases were identified similarly to those described in our previous articles [17-19].
Briefly, ICD-10 codes were used to identify patients with diabetes out of the patient pool.
We excluded patients with gestational diabetes and polycystic ovary syndrome (PCOS). In
the next step, we identified patients with type 1 diabetes mellitus based on a hierarchical
definition and excluded them from the pool of patients with diabetes mellitus. The full
details of the data sources and study process are provided in the Supplementary Materials
of this paper and the previously published first part of this study (part 1) [20].

Cases with an age of less than 18 years were excluded from this study. Similarly,
cases with type 1 diabetes mellitus, and, subsequently, cases with incident T2DM (newly
diagnosed cases with T2DM, diagnosed in the index calendar year, i.e., between 1 January
and 31 December of the given year) were excluded from the data of the adult population.
The remaining population was divided into groups of cases with prevalent T2DM and
non-diabetic controls (Figure 1).
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Figure 1. Flowchart depicting case numbers at each step of the study. The two major groups compared
(prevalent T2DM cases and non-diabetic controls) are highlighted with bold style.
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The analysis of the incidence of cancer was carried out using R (MASS package,
version 4.0.4). We used binomial logistic regression where the population in each year
included people without cancer on the 1st of January, who had T2DM already or did not
develop T2DM in one year. Prevalent T2DM patients and non-diabetic subjects who did not
develop T2DM during the calendar year were considered. We analyzed new T2DM cases
in our previously published article on this study (part 1). The dependent variable was the
incidence of cancer during the calendar year, while the independent variables were taken
to be the presence of T2DM, age group, gender, and the interactions of these parameters.

The odds ratio (OR) and annual percent change (APC) in the incidence rate were
calculated using bootstrap methods with one billion repetitions. The use of bootstrap
methods enabled the calculation of the 95% confidence intervals related to the main statistics
(OR or APC). The statistical analysis also considered interactions. We estimated the risk of
cancer development for all unique age—group + gender—group combinations. The marginal
estimates for age groups, genders, and the total population were calculated from these
estimates using weighted averages, employing the average number of baseline populations
of the subgroups during the study period as weights. The findings related to the OR in
different age groups were strengthened using a further statistic, i.e., Fisher’s test.

3. Results
3.1. Data on Total Cancer Incidence with Trends

The total cancer incidence in patients with type 2 diabetes mellitus and in controls
was investigated in the period from 2015 to 2019 in different age groups. The crude cancer
incidence was highest in the 80+ and 70-79 age groups (Figures 2 and 3). For example,
absolute incidence values around 3/1000 persons were found in the 4049 age group in the
Non-Diab group, while values around 4/1000 persons were found in the same age group
in the T2DM group. In the 70-79 age group, the incidence of cancer varied in the range
of 20-25/1000 persons, with the T2DM group being slightly higher than the Non-Diab
group. In the 80+ age group, the crude incidence was approximately the same in the
two groups that were compared, and slightly declined between 2015 and 2019. The same
result was observed in analyses of male and female patients separately; however, overall
cancer incidence was higher in males than in females in the 60-69, 70-79, and 80+ age
groups (e.g., around 30/1000 persons in the elderly males with T2DM, while the range was
15-20/1000 persons in females with T2DM, as shown in Figure 2).

The crude cancer incidence was markedly different in patients with T2DM compared
with the Non-Diab group, and temporal trends were also different in the two groups
(Figure 3).
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Figure 2. Change in incidence of cancer cases per 1000 prevalent T2DM cases (A,CE) and in
nondiabetic controls (B,D,F) in the time interval of 20152019 in distinct age groups. (A,B) total
population, (C,D) male patients, (E,F) female patients. Crude incidence data are shown.
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Figure 3. Crude cancer incidence rates per 1000 prevalent T2DM cases (red lines) or per 1000 controls
(blue lines) in different age groups. Panels are: (A) 18-39 years, (B) 40-49 years (C) 50-59 years,
(D) 60-69 years, (E) 70-79 years, (F) 80-89 years. Please note that incidence data are shown in different
panels on different scales on the y axis, to underline the difference between the crude incidence of
cancer in distinct age groups.
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3.2. Age Group Distribution of Cases with Cancer

A comparison of the age distribution of the total cases (i.e., the total Hungarian
population was divided into cases with and without T2DM) showed that the 60+ age
groups dominated the T2DM group. Conversely, in the Non-Diab group, the <60 age
groups accounted for nearly 75% of all cases (Figure 4A).

The age pyramid of cases with incident cancer (with or without T2DM) shows that the
age distribution was markedly different in the two groups, with more young patients in
the Non-Diab group and more elderly patients in the T2DM group (Figure 4B).

Age distribution of total cases B Age distribution of cancer cases

nT2DM

® Non-Diab Age mT2DM m Non-Diab Age
(years) (years)

13.65% - 3.97% 80+ 16.90% _ 12.51% 80+
27.95% _ 7.53% 70-79 38.03% _ 24.52% 70-79
16.54% _ 15.20% 50-59 8.92% - 16.82% 50-59
6.59% - 20.35% 40-49 1.50% - 9.09% 40-49

1.47% _ 39.06% 18-39 0.19% l 5.30% 18-39

20%

0%

20% 40% 40% 20% 0% 20% 40%

Percentage of the population Percentage of the population

Figure 4. Age distribution of (A) total cases and (B) incidental cases of cancer in patients with type
2 diabetes mellitus and in nondiabetic controls. In panel (A), the total Hungarian population was
divided to cases with and without T2DM, while in panel (B) cases with incident cancer only were
divided to a group with or without T2DM.

3.3. Cancer Risk and Temporal Changes in the Incidence of Cancer

Furthermore, we analyzed the odds of developing cancer and found that patients with
T2DM had a significantly higher cancer risk [OR: 2.50 (2.46—2.55)] than those in the Non-
Diab group. When analyzing the risk in different age groups, we found that an elevated
OR was present in all age groups [18-39 years, OR: 2.23 (1.58-3.25), p < 0.0001; 4049 years,
OR: 1.26 (1.11-1.43), p < 0.0001; 50-59 years, OR: 1.27 (1.20-1.33), p = 0.0002; 60-69 years,
1.08 (1.05-1.11), p < 0.0001; 70-79 years, OR: 1.08 (1.05-1.11), p < 0.0001], except for the 80+
group [OR: 0.98 (0.94-1.03), p = 0.4568]. For sensitivity analysis, we used Fisher’s exact test
to check the OR of cancer in the 2015 cohort in the different age groups, and we received
identical results (Supplementary Materials, Table S1). Moreover, the overall cancer risk of
male patients was higher than that of female patients [OR: 2.76 (2.70-2.82) vs. OR: 2.27
(2.22-2.33), p < 0.05]. The OR was higher in females than in males in the 50+ age groups
[50-59 years: ORfemates: 1.39 (1.29-1.50) vs. ORpqtes: 1.17 (1.09-1.25), p < 0.05; 60-69 years:
ORfemales: 1.11 (1.06-1.16) vs. ORpqles: 1.01 (0.97-1.05), p < 0.05; 70-79 years: ORemales:
1.14 (1.09-1.19) vs. ORpya1es: 0.97 (0.93-1.01), p < 0.05; 80+: ORfemales: 1.05 (0.99-1.11) vs.
ORppales: 0.85 (0.80-0.91), p < 0.05], but was not different in the group of 40—49-year-olds
[ORfemales: 1.29 (1.09-1.53) vs. ORyales: 1.37 (1.14-1.64), p > 0.05] (Figure 5A).

Next, we studied the temporal change in overall cancer in the total population and
in different age groups. In the total population, no significant trend could be observed in
the T2DM group [APC: —0.50% (—1.12-0.10%), p = 0.0991], while a decreasing trend was
found in the Non-Diab group [APC: —1.79% (—2.07-—1.52%), p < 0.0001]. When analyzing
different age groups separately, in the T2DM group, there was a decreasing trend in the
50-59 age group [APC: —2.63% (—4.59-—0.66%), p = 0.0091] and the 80+ age group [APC:
—1.47 (—2.93--0.01%), p = 0.049] only. In the Non-Diab group, there was a decreasing trend
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in all age groups [18-39 years: APC: —3.56% (—4.73-—2.38%), p < 0.0001; 4049 years: APC:
—2.97% (—3.88-—2.07%), p < 0.0001; 50-59 years: APC: —1.80% (—2.46-—1.12%), p < 0.0001;
60-69 years: APC: —2.39% (—2.88-—1.90%), p < 0.0001; 80+: APC: —2.60% (—3.38-—1.83%),
p < 0.001], except for the 70-79 age group [APC: 0.34% (—0.23-0.92%), p = 0.2373]. No
difference could be detected between males and females in the APC, nor in patients with
T2DM [APC pa1es: —0.52% (—1.36-0.30%) vs. APC gemates: —0.47% (—1.36-0.41%), p > 0.05]
nor in the Non-Diab group [APC 15t —1.91% (—2.31-—1.52%) vs. APC gemates: —1.68%
(—2.06-1.29%), p > 0.05]. Overall, among patients with T2DM, there was no difference in
the APC between males and females in any age group (p > 0.05 for all), whereas in the
Non-Diab group, the APC showed a more marked decrease in the 50-59-year-old males
than in females [APC 41es: —2.94% (—3.88——1.98%) vs. APC females: —0.68% (—1.61-0.27%),
p < 0.05] (Figure 5B).
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*p<0.05 APC in age group is different from APC of other age groups
#p<0.05 APC in males is different from APC in females

-30%20%10% 0% 10% 20%30% -30%20%10% 0% 10% 20% 30% -30%20%10% 0% 10% 20% 30%

+p<0.05 APC in T2DM is different from APC in Non-diab

Figure 5. Data related to incidental cancer development in different age groups, irrespective of
location and histological type. (A) odds ratio of cases with T2DM vs. controls is shown for the total
population, both males and females, respectively. (B) average annual percent changes in total cancer
incidence in cases with T2DM and controls. Also here, data of the total population, as well as male
and female cases are shown.
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3.4. Data on Site-Specific Incidence of Cancer
3.4.1. Site-Specific Distribution of Cancer Types in the T2DM vs. Non-Diab Groups

In both groups, the four most common cancer types (lung, colorectal, breast, and
prostate) accounted for approximately 50% of cancer cases (Figure 6).

The relative distribution of individual cancer sites was slightly different in the T2DM
and Non-Diab groups: colorectal, prostate, bladder, kidney, pancreas, stomach, uterus
corpus, and liver cancers accounted for a larger proportion of all cancer cases in the T2DM
group than in the Non-Diab group. On the contrary, lung, breast, melanoma, oral, leukemia,
non-Hodgkin lymphoma, ovary, brain, thyroid, larynx, and testis cancers accounted for a
larger proportion of cancer cases in the Non-Diab group than the T2DM group (Figure 6).

2015-2019

= Other
m Hodgkin tumor (C81)
m Gallbladder (C23-24)
m Oesophagus (C15)
 Multiple myeloma (C88+C90)
m Testis (C62)
m Larynx (C32)
w Thyreoid (C73)
m Liver (C22)

Brain, CNS (C70-72)
= Ovary (C56)
= Cervix (C53)
m Uterus (C54)
m Stomach (C16)
m Non-Hodgkin lymphoma (C82-86, C96)
m Pancreas (C25)
™ Leukaemia (C91-95)
m Kidney (C64-65)
m Lip. oral cavity and pharynx (C00-14)
m Melanoma of the skin (C43)
m Bladder (C67)

Prostate (C61)
w Breast (C50)
m Colorectum (C18-21)
® Lung (C33-34)

Total Non-Diab Male T2DM Male Non-Diab Female T2DM Female Non-Diab

B C

Figure 6. Cumulative frequency (crude, non-adjusted data) of different cancer types in non-diabetic
controls and in cases with Type 2 diabetes. (A) total data, (B) cancer site distribution in males,
(C) cancer site distribution in female patients.

The odds of developing new cancer were highest for those with liver cancer [OR: 5.65
(5.08-6.29)], followed by pancreas [OR: 4.35 (4.06—4.67)], gallbladder [OR: 3.66 (3.17-4.28)],
uterus [OR: 3.60 (3.20-4.06)], kidney [OR: 3.40 (3.11-3.73)], and other types of cancer. On
the contrary, the odds were lower in the T2DM group for testis cancer compared with the
controls [OR: 0.49 (0.36-0.67)] (Figure 7).
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0dds ratios in 2015

Total population Males Females 18-59 60-xx Total population Males Females 18-59 60-xx
Liver (C22) ol ol e ——t ol 5.65 (5.08 - 6.29) <0.0001(6.42 (5.65 - 7.31) <0.0001°[4.38 (3.63 - 5.33) <0.0001°|8.95 (6.81 - 11.90) <0.0001" [2.21 (1.97 - 2.48) <0.0001°
Pancreas (C25) - 1ol Wi o - 4.35 (4.06 - 4.67) <0.0001|4.57 (4.15 - 5.05) <0.0001 [4.14 (3.76 - 4.57) <0.0001 [5.84 (4.79 - 7.18) <0.0001° [1.70 (1.58 - 1.84) <0.0001"
Gallbladder (C23-24) ol o=t ot [ P roi 3.66 (3.17 - 4.28) <0.0001|4.24 (3.38 - 5.36) <0.0001 [3.32 (2.73 - 4.06) <0.0001 [8.28 (5.43 - 13.06) <0.0001"[1.29 (1.10 - 1.52) 0.0015b
Uterus (C54) - - e o 3.60 (3.20 - 4.06) <0.0001 3.60 (3.20 - 4.06) <0.0001 [6.59 (5.03 - 8.64) <0.0001" |1.64 (144 - 1.88) <0.0001°
Kidney (C64-65) ™ ol el -t 1o 3.40 (3.11 - 3.73) <0.0001[3.27 (2.90 - 3.69) <0.0001 |3.60 (3.14 - 4.15) <0.0001 |5.93 (4.88 - 7.28) <0.0001" |1.38 (1.25 - 1.53) <0.0001"
Stomach (C16) - o4 [ —— Tl 3.13 (2.83 - 3.48) <0.0001|3.27 (2.86 - 3.75) <0.0001 [2.96 (2.54 - 3.47) <0.0001 [3.26 (2.32 - 471) <0.0001" [1.23 (1.10 - 1.37) 0.0002"
Colorectum (C18-21) - - - L L] 294 (2.81 - 3.08) <0.0001|3.24 (3.05 - 3.43) <0.0001"(2.60 (2.42 - 2.79) <0.0001° [3.70 (3.21 - 4.28) <0.0001° [1.14 (1.09 - 1.20) <0.0001"
Prostate (C61) n n [ o 2.89 (2.74 - 3.04) <0.0001|2.89 (2.74 - 3.04) <0.0001 3.83 (3.07 - 4.78) <0.0001" [0.89 (0.85 - 0.94) <0.0001"
Other . ol o4 ] ] 279 (2.54 - 3.07) <0.0001[2.85 (2.49 - 3.28) <0.0001 [2.73 (2.41 - 3.10) <0.0001 |2.54 (1.95 - 3.36) <0.0001" |1.26 (1.14 - 1.40) <0.0001"
Bladder (C67) L] 1o o e sl 2.77 (2.55 - 3.01) <0.0001|2.98 (2.70 - 3.29) <0.0001°(2.36 (2.02 - 2.76) <0.0001°[3.19 (2.41 - 4.28) <0.0001" [1.07 (0.98 - 1.17) 0.111°
Multiple myeloma (C88+C90) Lagl (2l el —— nal 2,62 (2.24 - 3.10) <0.0001[3.11 (2.47 - 3.94) <0.0001 |2.25 (1.81 - 2.83) <0.0001 |2.79 (1.72 - 4.81) 0.0001° |1.05 (0.88 - 1.25) 0.5815"
Leukaemia (C91-95) LJ L L [l pot 257 (2.36 - 2.81) <0.0001[2.66 (2.37 - 3.00) <0.0001 [2.47 (2.18 - 2.81) <0.0001 [2.37 (1.82 - 3.13) <0.0001" |1.09 (1.00 - 1.20) 0.0558"
Non-Hodgkin lymphoma (C82-86, C96) g o) lasd ey o4 2.27 (2.02 - 2.57) <0.0001]|2.26 (1.90 - 2.70) <0.0001 |2.27 (1.94 - 2.68) <0.0001 |2.05 (1.48 - 2.92) <0.0001" | 1.06 (0.93 - 1.21) 03927
Lung (C33-34) L L - el L 2.26 (214 - 2.40) <0.0001|2.44 (2.26 - 2.62) <0.0001°[2.02 (1.84 - 2.22) <0.0001° [3.26 (2.80 - 3.83) <0.0001" |0.91 (0.85 - 0.97) 0.0022"
Ovary (C56) ot L = b 1.97 (1.73 - 2.25) <0.0001 1.97 (173 - 2.25) <0.0001 [1.91 (1.34 - 273)  0.0004° [1.09 (0.95 - 1.27) 0.2167"
Melanoma of the skin (C43) - - tel o=t - 1.97 (1.82 - 2.15) <0.0001(2.75 (2.47 - 3.07) <0.0001°[1.35 (1.18 - 1.54) <0.0001° |1.36 (1.09 - 1.72)  0.0064 |1.18 (1.08 - 1.30) 0.0003
Breast (C50) - . el 3 1.96 (1.88 - 2.04) <0.0001 1.96 (1.88 - 2.04) <0.0001 [2.08 (1.86 - 2.31) <0.0001"|1.06 (1.02 - 1.11) 0.0067"
Thyreoid (C73) et e e e re 1.68 (1.44 - 2.01) <0.0001[1.83 (1.34 - 2.57) 0.0002 |1.63 (1.35 - 1.99) <0.0001 |2.55 (1.95 - 3.39) <0.0001"|1.19 (0.96 - 1.49) 0.1171"
Brain, CNS (C70-72) - e et B et 1.68 (1.46 - 1.97) <0.0001|1.81 (1.48 - 2.22) <0.0001 [1.56 (1.25 - 1.95) 0.0001 |1.33 (0.91 - 2.02) 0.1378 [0.90 (0.77 - 1.07) 0.2293
Oesophagus (C15) et e e 1.48 (1.25 - 1.78) <0.0001|1.44 (1.19 - 1.76) 0.0002 [1.66 (1.15 - 2.46) 0.0073 |2.01 (1.29 - 3.30) 0.0022° |0.61 (0.50 - 0.73) <0.0001"
Lip. oral cavity and pharynx (C00-14) e e s - be 1.37 (1.23 - 1.54) <0.0001|1.23 (1.08 - 1.42) 0.0026’ |1.78 (1.46 - 2.18) <0.0001’ |1.85 (1.45 - 2.40) <0.0001" | 0.65 (0.57 - 0.74) <0.0001"
Larynx (C32) e e e 1.37 (1.18 - 1.61) 0.0001 [1.36 (1.15 - 1.61) 0.0004 [1.49 (1.03 - 2.22) 0.0371 |1.59 (1.10 - 2.39) 0.0141° |0.63 (0.53 - 0.75) <0.0001"
Cervix (C53) e e e e 0.87 (0.67 - 1.14) 0.3203 0.87 (0.67 - 1.14) 03203 |1.31 (0.81 - 2.11)  0.2710 [0.79 (0.57 - 1.09) 0.1456
Testis (C62) [ i — e 0.49 (0.36 - 0.67) <0.0001|0.49 (0.36 - 0.67) <0.0001 0.80 (0.55 - 1.18) 0.2668 [1.20 (0.70 - 2.05) 0.5028

* p<0.05 between males and females ® p<0.05 between 18-59 and 60+
04 10 26 71 04 10 26 71 04 1.0 26 71 04 10 2.6 71 0.4 10 26 71

OR (T2DM vs. Non-diab) with 95% confidence-interval

Figure 7. Odds ratio of development of cancer in T2DM cases compared to controls. Detailed data for individual cancer sites are shown. The panel shows data for
the total population, for a male-to-female comparison as well as comparison of 18-59 vs. 60+ age groups.
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When comparing males to females, the risk in males was higher for liver [ORy4jes: 6.42
(5.65-7.31) vs. ORfemales: 4-38 (3.63-5.33)], colorectal [OR ;1es: 3-24 (3.05-3.43) vs. ORfemales:
2.60 (2.42-2.79)], bladder [ORpajes: 2.98 (2.70-3.29) vs. ORgemales: 236 (2.02-2.76)], lung
[OR pales: 2-44 (2.26-2.62) vs. ORemales: 2.02 (1.84-2.22)], and melanoma cancers [OR ,1es:
2.75 (2.47-3.07) vs. ORfemales: 1.35 (1.18-1.54)], while it was higher in females than in males
for cancers of the lip, oral cavity, and pharynx combined [ORpajes: 1.23 (1.08-1.42) vs.
ORfemales: 1.78 (1.46-2.18)] (Figure 7).

In younger patients (18-59 years), T2DM was associated with significantly higher odds
of developing cancer for most cancer types except for brain [OR: 1.33 (0.91-2.02), p = 0.1378],
cervix [OR: 1.31 (0.81-2.11), p = 0.2710], and testis cancers [OR: 0.80 (0.55-1.18), p = 0.2668].
In the older age group (60+), T2DM was associated with higher odds for several cancer
sites, except for bladder, myeloma, leukemia, non-Hodgkin lymphoma, ovary, thyroid,
brain, cervix, and testis cancers (p > 0.05 for the latter groups) (Figure 7).

When comparing the 18-59 and the 60+ age groups, the excess risk of diabetic patients
in the 18-59 age group was higher for nearly all cancer types (including colorectal, lung,
prostate, and breast cancers) (Figure 7).

3.4.2. Temporal Trends of Site-Specific Cancer Incidence

Analyzing temporal trends using the APC for the total population in the T2DM
group, we found a significant increasing tendency for esophagus cancer [APC: 7.92%
(0.71-14.35%), p = 0.0300], and a significant decreasing tendency for stomach [APC: —6.29%
(—9.97-—2.77%), p = 0.0007], thyroid [APC: —6.49% (—12.98-—0.45%), p = 0.0366], and testis
[APC: —14.47% (—25.65-—2.72%), p = 0.0181] cancers. As for the Non-Diab group, we found
an increasing trend for non-Hodgkin lymphoma [APC: 3.23% (1.25-5.15%), p = 0.0011] and
thyroid [APC: 3.07% (0.67-5.38%), p = 0.0112] cancers, and a decreasing trend for gallblad-
der [APC: —6.04% (—8.98-—3.20%), p < 0.0001], stomach [APC: —5.25% (—7.12-—3.43%),
p < 0.0001], colorectal [APC: —1.17% (—1.99-—0.37%), p = 0.0046], lung [APC: —2.93%
(—3.87-—2.01%), p < 0.0001], ovarian [APC: —2.60% (—4.58—-—0.62%), p = 0.0105], brain
[APC: —2.46% (—4.62-—0.35%), p = 0.0227], esophagus [APC: —4.09% (—6.50-—1.75%),
p = 0.0007], pharynx [APC: —4.04% (—5.53-—2.58%), p < 0.0001], larynx [APC: —5.33%
(—7.36-—3.35%), p < 0.0001], and cervix [APC: —11.53% (—14.27-—8.75%), p < 0.0001]
cancers (Figure 8).

Comparing males to females, we only found a difference in the Non-Diab group
and only for lung cancer [APCya1es: —4.01% (—5.22-—2.80%) vs. APCfemales: —1.37%
(—2.08-0.09%), p < 0.05], but not in the T2DM group and not for other cancer sites (Figure 8).

When comparing the 18-59 to the 60+ age groups, in the T2DM group, a decreasing
tendency was more expressed in the 18-59 age group for liver, gallbladder, and lung cancers,
but not for other types of cancer. In the Non-Diab group, the decreasing tendency was
more expressed in the 18-59 age group for liver, lung, pharynx, larynx, and cervix cancers,
while it was more expressed in the 60+ age group for leukemia. In the case of breast cancer,
the incidence significantly increased in the younger and significantly decreased in the
older non-diabetic patients. For thyroid cancer, the incidence increased significantly in the
younger but did not change in the older non-diabetic patients (Figure 8).

3.5. Relative Age Distribution

We also analyzed the percentages of the age groups within the cancer cases in the
two groups and found striking differences, especially for cervix, melanoma, non-Hodgkin
lymphoma, ovarian, leukemia, and breast cancer types, where the proportion of younger
age groups was higher in the controls than in the T2DM cases. On the other hand, patients
aged 70+ dominated the T2DM group for all individual cancer sites, while the relative
proportion of these patients was lower in the Non-Diab group (Figure 9).
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Average Annual Percent Change (95% C1)
Females

Total population Males 1859 60+ Total population Males Females 1859 60+
T2oM
Liver (C22) ] et —— ] et 244%  (612% - 101%) 01560 | -102% (5.22% - 320%) 06132 | 5.89% (1253% - 0.72%) 00790 [-1627% (25.92% - -627%)  00023° [ -033% (4.11% - 346%)  0.8405°
Pancreas (C25) - POt el 093% (-1.52% - 3.30%) 0.4816 1.17% - 4.58%) 05164 0.69% (-2.70% - 4.11%) 0.7080 -3.46% (-11.00% - 4.27%) 0.3550 142%  (-1.11% - 3.96%) 0.2773
Gallbladder (C23-24) —— ——t -t -4.22% (9.77% - 0.86%) 0.0975 -0.62% - 7.53%) 0.8276 -6.94% (-13.82% - 0.02%) 0.0505 | -19.43% (-34.25% - -3.30%) 0.0212° | -2.22%  (7.75% - 3.37%) 0.4162°
Uterus (C54) e al — - 0.13% (-4.09% - 4.40%) 0.9779 0.13%  (-4.09% - 4.40%) 09779 107% (-8.71% - 11.92%) 0.8357 -0.06% (-4.60% - 4.70%) 0.9785
Kidney (C64-65) —er — - -231%  (5.62% - 0.85%) 0.1445 -181%  (-6.07% - 2.48%) 0.3914 -2.96% (-7.87% - 1.99%) 0.2300 -7.25% (-14.61% - 0.24%) 0.0576 -115%  (4.73% - 2.44%) 05118
Stomach (C16) et —— [ —— et 00007 | -7.29% (1198% - -253%) 00033 | -4.92% (1042% - 067%) 00829 | -095% (14.53% - 13.04%) 08150 | -6.69% (-1040% - -2.94%)  0.0006
Colorectum (C18-21) Y 4 ot 02078 | 147% (064% - 360%) 01749 | 050% (207% -308%) 07205 | -044% (6.00% - 5.18%) 08449 | 122% (049% - 294%) 01639
Prostate (C61) ] “ 02009 | -115% (2.95% - 066%) 02099 255% (1064% - 6.29%) 05608 | -108% (-2.92% 02533
Other [ —t [ 00729 | 0.96% (5.96% - 4.06%) 06794 | -462% (9.09% - -008%) 00461 | -380% (1431% - 7.01%) 04471 | 288% (641% 0.1080
Bladder (C67) —— ——t—t ‘o 05059 1.82%  (-1.73% - 5.38%) 0.3260 -0.62% (-6.32% - 5.12%) 0.7946 -4.41% (-15.32% - 6.84%) 0.3996 158% (-1.55% 0.3302
Multiple myeloma (C88+C90) " H——t r— G —f —.-— 05837 -145%  (-9.74% - 7.06%) 0.6987 559% (-2.78% - 14.17%)  0.2035 1659% (-4.89% - 38.39%) 0.1474 0.78%  (-5.41% 0.8429
Leukaemia (C91-95) —-— ——— e 05472 -0.36% (-4.59% - 3.91%) 0.8455 -143%  (5.98% - 3.18%) 05218 5.06% (-5.66% - 15.93%) 0.3924 -1.39%  (-4.64% 0.3911
Non-Hodgkin lymphoma (C82-86, C96) Ho—i —————1 - 0.2150 2.09% (-4.42% - 8.70%) 05594 3.84% (-2.22% - 9.96%) 0.2266 6.55%  (-7.18% - 20.48%) 0.3943 261%  (-2.10% 0.2888
Lung (C33-34) ot —— » 05799 | 210% (479% -059%) 01238 | 212% (142% -S67%) 02481 | 7.95% (-13.86% 053%  (176% 0.6594°
Ovary (€56) et e .l 05024 L60%  (642% - 3.30%) 05024 | 685% (6.70% 265%  (-7.66% 03170
Melanoma of the skin (C43) ot ] i 04011 | -265% (653% -127%) 01793 | 113% (3.85% - 617%) 06826 | 144% (7.57% A57%  (4.82% 03394
Breast (C50) - [oN: 02299 0.8%% (2.35% - 057%) 02299 | 3.02% (7.15% 060%  (215% 04520
Thyreoid (C73) —— i ——h 00366 | 274% (953% -1527%) 07285 | -9.64% (16.76% - -237%) 00107 | 7.37% (17.85% 6.03% (13.67% 01244
Brain, CNS (C70-72) U N— [ S N— [ F— 0.2144 441%  (317% - 12.12%) 02729 327% (5.15% - 11.98%) 04737 1338% (-3.54% 266% (-3.36% 0.4086
Oesophagus (C15) i —————i Y S — S 0.0300 832% (0.71% - 16.00%)  0.0309 6.47% (-8.44% - 21.20%) 0.4462 1250%  (-7.92% 7.26%  (0.05% 0.0481

oral cavity and pharynx (C00-14) ,F_‘ ——t —t—t - 03011 359% (-1.74% - 8.95%) 0.1957 0.40%  (-7.06% - 7.95%) 0.9646 -1.25% (-11.22% - 8.91%) 0.7503 3.38% (-1.44% 0.1760
Larynx (C32) —— —i—e- —t—t 0.7034 177% (-4.61% - 8.25%) 0.6197 0.49% (-14.15% - 15.42%)  0.9649 5.21% (-10.66% - 21.05%) 05910 0.95% (-5.37% 0.8083
Cervix (CS3) . —— iy — 0.7258 -1.46% (-11.91% - 8.94%) 0.7258 | -14.87% (-31.37% - 5.50%) 0.1415 437%  (-7.08% 0.4698
Testis (C62) - ! . . { -14.47% (-25.65% - -2.72%) 00181 | -14.47% (-25.65% - -2.72%) 0.0181 -15.58% (-29.12% - 0.57%) 29.01% 0.1891
Non-diab |
Liver (C22) . (5 o ot (340% - 147%) 04280 | -073% (380% - 236%) 06280 | -125% (5.22% - 275%) 05218 | 7.77% (1256% - -291%)  00022° | 139% (140% - 421%  03381°
Pancreas (C25) : P i . (290% - 001%) 00524 | -160% (3.70% - 050%) 01340 | -127% (3.28% - 076%) 02164 | -166% (4.70% - 140%) 02797 | -136% (3.01% - 030%) 01073
Gallbladder (€23-24) [P -t ——tt ot (-8.98% - -3.20%) <0.0001 [ -3.62% (-8.32% - 1.13%) 0.1307 -7.49% (-11.13% - -3.82%) 0.0001 -4.20% (-11.43% - 3.19%) 0.2488 -6.38% (-9.52% - -3.23%) 0.0001
Uterus (C54) ,L. b bt 4 (-1.63% - 3.05%) 0.5665 0.70%  (-1.63% - 3.05%) 0.5665 2.82% (-1.19% - 6.98%) 0.1709 -0.32%  (-3.13% - 2.56%) 0.8252
Kidney (C64-65) 4 e lot ol (-2.68% - 0.78%) 0.2765 -153%  (-3.77% - 0.72%) 0.1785 -0.05%  (-2.75% - 2.68%) 0.9571 150% (-1.49% - 4.51%) 0.3366 -212%  (-4.22% - 0.00%) 0.0498
Stomach (C16) P H o ol fou . (-7.12% - -343%) <0.0001 | -4.21% (-6.67% - -1.73%) 0.0009 -6.56% (-9.34% - -3.78%)  <0.0001 -3.89% (-7.98% - 0.25%) 0.0654 559% (-7.65% - -3.52%)  <0.0001
Colorectum (C18-21) - P o (-1.99% - -0.37%) 0.0046 -0.80%  (-1.90% - 0.30%) 0.1523 -1.62%  (-2.82% - -0.42%) 0.0085 “0.27%  (-2.04% - 1.53%) 0.7615 -141%  (-2.33% - -0.50%) 0.0025
Prostate (C61) ne (-1.33% - 0.44%) 03227 -0.44%  (-1.33% - 0.44%) 0.3227 0.72%  (-2.20% - 3.72%) 06318 -056% (-1.49% - 0.37%) 0.2377
Other ol o 1ol (-3.60% - -0.36%) 0.0166 -0.80% (-3.23% - 1.65%) 05135 -2.89% (5.05% - -0.71%) 0.0094 -1.84%  (-4.64% - 0.98%) 0.1947 -203% (-4.01% - -0.03%) 0.0463
Bladder (C67) - - o o ol (-3.78% - -0.87%) 0.0019 -2.84%  (-4.60% - -1.06%) 0.0020 -1.22%  (3.77% - 1.33%) 0.3407 -3.10%  (-6.36% - 0.19%) 0.0645 -212%  (-3.74% - -0.49%) 0.0111
Muktiple myeloma (C88+C90) ol 1 b8 (259% - 299%) 09082 | 267% (158% - 6.95%) 02252 | -156% (5.23% - 215%) 03947 | 176% (4.08% - 7.67%) 05855 | -018% (335% - 3.00%) 08923
Leukaemia (C91-95) .. niA 2 (3.04% - -014%) 00318 | -125% (3.25% - 077%) 02220 | -194% (-4.03% - 0.16%) (189% -363%)  05532° [ 250% (4.20% - -0.79%) 0.0043°
Non-Hodgkin lymphoma (C82-86, C96) " Lo - (1.25% - 5.15%) 00011 | 227% (056% -5.12%) 01184 | 4.08% (1.41% - 6.76%) (0.82% - 7.35%) 00134 | 277%  (0.34% - 5.20%)  0.0252
Lung (C33-34) W = o = o (-3.87% <0.0001 | -4.01% (-5.22% - -2.80%) <0.0001' | -1.37% (-2.84% - 0.09%) (-8.43% - -4.84%)  <0.0001°| -158% (-2.67% - -0.49%)  0.0046°
Ovary (CS6) ol ol ol (-4.58% 0.0105 -2.60% (-4.58% - -0.62%) (-4.70% - 1.48%) 0.2970 -3.26% (-5.80% - -0.65%) 0.0148
Melanoma of the skin (C43) 1ol p - (-2.60% 0.0349 -0.83% (-2.69% - 1.05%) 0.3807 -1.75%  (-3.44% - -0.06%) (-3.18% - 0.34%) 01120 -1.25%  (-3.02% - 0.54%) 0.1691
Breast (C50) b o (-1.06% 01235 -047%  (-1.06% - 0.13%) (0.51% - 2.38%) 0.0024° | -1.75% (-252% - -0.98%) <0.0001°
Thyreoid (C73) ot oy [ (0.67% 0.0112 240%  (-2.40% - 7.24%) 03418 3.28%  (0.58% - 5.98%) (3.25% - 8.90%) <0.0001° | -350% (-7.66% - 0.72%) 0.1018"
Brain, CNS (C70-72) ol ol oy (4.62% 00227 | -254% (550% - 044%) 00930 | -237% (5.43% - 0.72%) (7.55% - -116%) 00083 | -0.93% (378% - 194%) 05115
Oesophagus (C15) 1ot v i [ el (-650% 00007 | 343% (6.06% --0.77%) 00119 | -687% (12.25% - -140%) (926% - -028%) 00376 | -3.82% (661% --101%)  0.0084
Lip. oral cavity and pharynx (C00-14) -l - et . 1o} (5.53% <0.0001 | -4.29% (-5.99% - -2.57%) <0.0001 | -3.35% (-6.24% - -0.43%) (-9.08% - -455%)  <0.0001°| -2.02% (-3.95% - -0.07%)  0.042°
Larynx (C32) L [ L ——i gl o3 (-7.36% <0.0001 | -4.83% (-7.00% - -2.64%)  <0.0001 -8.18% (-13.32% - 97%) (-14.15% 63%) <0.0001° | -2.00% (4.52% - 0.54%) 012°
Cervix (C53) L Lagl Lag Lag (-14.27% - -8.75%)  <0.0001 -1153% (-14.27% - -8.75%) (-17.85% - -11.36%) <0.0001°| -3.61% (-8.63% - 1.66%) 0.1759°
Testis (C62) WI 1o —— (391% - 068%) 01643 | -162% (391% - 068%) 01643 (406% - 064%) 01514 | 062% (930% - 1162%) 09051

4 I * p<0.05 between males and females * p<0.05 between 18-59 and 60+
-40% -20% % 20% 40% -40% -20% % 20% 40% -40% -20% 0% 20% 40% -40% -20% 0% 20% 40% -40% -20% 0% 20% 40%

Average Annual Percent Change with 95% confidence-interval (%)

Figure 8. Average annual percent changes in incidence for individual cancer types in cases with T2DM and in controls. Detailed data for individual cancer sites.
Data for the total population, for a male-to-female comparison as well as comparison of 18-59 vs. 60+ age groups are shown.
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Figure 9. Age distribution of site-specific incident cancer types in non-diabetic controls and in patients with type 2 diabetes mellitus. Cancer sites are ordered

according to the relative frequency of the 18-39-year-old group in non-diabetic controls.



Cancers 2024, 16, 2414

13 of 18

4. Discussion

The present study found that the incidence of cancer was generally higher in males
than in females, both in patients with T2DM and in the Non-Diab group. Cancer affected
different age groups differently in patients with T2DM and in the controls. In Non-Diab
cases, the incidence of cancer decreased overall and in several age groups. On the other
hand, there was no decrease in the incidence of cancer in the T2DM group. Moreover,
the site-specific distribution of cancer types was different, e.g., the relative contribution
of kidney, pancreas, and liver cancers was higher in patients with T2DM, whereas the
relative contribution of breast, oropharyngeal, and testis cancers was higher in the Non-
Diab groups. When analyzing the OR of cancer of individual sites in the T2DM vs. the
Non-Diab groups, we found that the odds were highest for liver, pancreas, gallbladder,
uterus, kidney, and colorectal cancers. For most cancer types, the OR of patients with
T2DM developing cancer was higher in the <60 age group vs. the 60+ age group. In the
Non-Diab group, the annual incidence declined for gallbladder, stomach, colorectal, lung,
brain, esophagus, pharynx, larynx, and cervix cancers, while in the T2DM group, only the
incidence of stomach, thyroid, and testis cancers decreased. In the Non-Diab group, the
annual incidence increased for non-Hodgkin lymphoma and thyroid cancers, while in the
Non-Diab group, it increased only for esophagus cancer.

Regarding the association between overall cancer risk and T2DM, we verified the
positive association suggested in the literature. Concerning the overall incidence of cancer,
the hazard ratio (HR) was 1.21 (1.16-1.26) in one analysis [21], whereas the SIR in another
study was 1.22 for male and 1.737 for female patients with T2DM [22]. An umbrella review
of meta-analyses found a positive association with T2DM for breast, liver, endometrium,
and colorectal cancers [23]. In a Swedish national study, overall cancer risk had a slight
positive association with T2DM [HR: 1.10 (1.09-1.12)] [8]. Italian authors found an incidence
rate ratio (IRR) of 1.22 (1.15-1.29) in patients with DM, with the strongest association with
liver, pancreas, colorectal, urinary bladder, and uterus corpus cancers [24], while in our
study, the strongest associations were found for liver, pancreas, gallbladder, uterus, and
kidney cancers.

Data from the literature are quite heterogeneous, and different measures (IRR, stan-
dardized incidence rate (SIR), relative risk (RR), HR, and OR) have been used in different
studies and for different study designs. At the same time, data can be markedly different
for different cancer sites (Table 1).

Table 1. Site-specific cancer risk in the literature and in our study.

Cancer Type Data from the Literature Our Data
. HR: 1.21 (1.07-1.38) OR:2.26

Lung cancer OR: 1.16 (1.03-1.31) [25] 1] (2.14-2.40)
Colorectal . RR: 2.05 (1.79-2.34) OR: 2.94

cancer Meta HR: 1.21 (1.06-1.38) [26] [26] (2.81-3.08)

Breast cancer

MetaRR:1.72  RR:1.25(1.20-129) OR:0.55(0.45-0.66)  OR:1.96

Meta RR: 1.20 (1.12-1.28)

(1.47-2.00) [27] [25] (1.88-2.04)
HR: 1.30 (1.20-1.41) [21]
OR: 2.89
Prostate cancer OR: 1.14 (0.93-1.40) [25] RR: 0.90 (0.80-1.02) (2.74-3.04)
) . HR: 1.04 (0.85-1.28) HR: 0.84 (0.63-1.13) OR: 2.77
Bladder cancer HR: 1.17 (1.05-1.30) [28] [21] [29] (2.55-3.01)
OR: 1.97

Melanoma

RR: 0.93 (0.64-1.36) [22]

(1.82-2.15)
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Table 1. Cont.

Cancer Type Data from the Literature Our Data
Omflzfcfr‘geal OR: 0.89 (0.76-1.04) [25] (102R3_¥;1)
Kidney cancer OR: 1.7 (1.3-2.1) [30] HR: 1‘36[2%05_1'76) (?? 1R1—?°;47(C)‘7)

P::;zgjs Rev. RR: 0.83-6.90 * [31] Rev. Rﬁz[;i7]3—6.08 HR: 2.13E 2(]1j76—2.58) OR: 1.4(; 3(;j07-1.84) ( foliﬁfg )
Stomach cancer OR: 1.19 (0.97-1.46) [25] (Zoslé_ég)
Enccl;)rrlri’;rial Meta: RR: 2.74 (187-4.00) [27] T 1‘85[ 2(;j36—2.50) HR: 1.79[ 2(}j51—2.13) (1re7\g_12{I;3 ?.[13(; | ( Sg)j%% )
Rev. RR: 1.81 (1.38-2.37) [33] (52‘7]'—54151:)1[%] (1.3?—1;:.516.&)3%24] (1.6571—1?.;:55[34]
OR: 1.38 (1.07-1.80) [25]

Cervix cancer SIR: 1.18 (1.06-1.32) [34] (100861_R1:’31éﬁ3 4] OR: 1'2[43% ;} -129) OR 1.0[(;)}(3(]).1?5_1'05) ((? 57_2811)
Ovarian cancer  Meta: OR: 1.17 (1.02-133) [27] % 0'8%2(%61_1'15) RR: 1'05[35(3)']75_1'46) OR: 0.83;2(%61—1.13) (f) 71;_1292;)

Liver cancer OR: 1.81 (1.66-1.97) (;I 5%_%?2) (10. 7I2_221792) (50. (58_“26259)
Thyroid cancer OR: 0.70 (0.46-1.06) [36] OR: 0.4(; 3(g)j20—0.81) OR: 0.36[ 2((5)j23—0.58) HR: 1.6?E z(%j14_2'34) ( 10411:_ 12.%53 |
Ng}‘;?ﬁgﬂj“ RR: 1.21 (0.99-1.48) [22] (2053_222577)

Myeloma RR: 1.27 (0.98-1.66) [22] HR: 1‘1%2(%80_1’65) (zc.)zlj;:_%,%)
Leukemia RR: 0.88 (0.71-1.10) [22] HR: 1'07[2(%77‘1'49) (2(.)3%—22%)
BP0 10y 13028 OR 050035071 K18

Gaig:’rlzzlfer HR: 1.47 (0.91-2.39) [21] RR: 1'56[%’]36_1‘79) (3?11; 1269)

Testis cancer SIR: 0.94 (0.75-1.17) [34] ((? 31{6—%%)97)

HR: hazard ratio; OR: odds ratio; RR: relative risk; SIR: standardized incidence rate; Meta: result from a meta-
analysis; Rev.: data reported in a review; *: case—control studies; **: cohort studies; #: univariate analysis;
b: multivariate analysis.

In general, the risk of patients with T2DM developing cancer is higher in the present
study compared with the literature; this result might have multiple explanations. Obe-
sity is a well-known risk factor for both T2DM and cancer and has been found to act as
a confounder in epidemiological studies analyzing the association between T2DM and
cancer [39]. Several of the above-mentioned studies (e.g., [3,10,12,32,37,40-47]) used adjust-
ment to anthropometric markers including markers for obesity, such as body mass index
(BMI), which could have severely altered their results. In the present study, we did not
perform any adjustment for BMI or other anthropometric parameters, as BMI data were
not available from the NHIF database. This factor might have contributed to the higher OR
values compared with some studies from the literature. However, obesity is a hallmark of
T2DM for the majority of the patients in this study; thus, correcting for BMI in the analysis
could produce an inaccurate estimation of the real excess risk caused by T2DM. Moreover,
data on lifestyle factors such as exercise, smoking, and eating habits were not available
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from the NHIF database. We believe that correction in terms of these factors would have
“overcorrected” the statistical connection between T2DM and cancer.

Moreover, demographic and ethnic markers of the Hungarian population could also
have influenced the results compared with data taken from other geographic areas.

With regard to temporal trends, our data indicate a decreasing cancer incidence trend
in the Non-Diab group and nearly all age groups. However, in the T2DM group, no
beneficial trend could be observed, except for the 50-59 and 80+ age subgroups. Global
data on metabolic-associated cancer show a worldwide overall increasing trend [AAPC:
0.74 (0.71-0.76)] [48]. The Global Burden of Disease study also placed Hungary in the
category with a —0.9-0% annual percent change in cancer incidence; however, the results
of the present study demonstrated APC values of —1.78 and —0.5 for the Non-Diab and
T2DM groups, respectively [11].

The strengths of our study include its nationwide approach with an almost 100%
coverage of the Hungarian population, enabling robust results. The selected database also
facilitated simultaneous analysis of the effect of age groups, gender, individual cancer sites,
and temporal changes.

The limitations of our study include the lack of anthropometric (such as weight, BMI,
waist circumference, weight-to-hip ratio—that may influence the statistical relation, as
obesity is a known risk factor for several typers of cancer), clinical, and laboratory data (such
as HbA1,), as well as the retrospective nature of the research. Our results do not provide
any data about the risk of cancer in people with type 1 DM or adolescents. Moreover, the
major difference in the age distribution of the two groups was a significant impediment,
which could only be addressed by employing statistical tools.

5. Conclusions

The presence of T2DM indicates a 150% increase in the risk of developing cancer. The
results of this study demonstrate that the distribution of cancer site and age in the T2DM
and Non-Diab groups is different, and temporal trends are also less favorable in the T2DM
group. Altogether, the results of this study underline the importance of cancer surveillance
in patients with T2DM, who should be regarded as high-risk individuals.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers16132414 /s1. Table S1: Odds ratio of cancer incidence in cases
with T2DM as compared to non-Diab individuals. Overall data as well as age-group specific data
are shown. Odds ratio and 95% confidence data are provided. Data were analyzed using Fisher’s
exact test.
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