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ARTICLE INFO                                       ABSTRACT 
 
 

Background and aims: Recent estimations show us an important increase of the neoplastic 
disorders, especially in developed countries, cancer being the second cause of mortality after 
cardiovascular diseases. Diabetes mellitus type 2 is associated with an increased risk of neoplastic 
diseases (especially colorectal cancer, breast cancer, pancreatic cancer). The factors involved in 
the increase of this risk at patient with diabetes mellitus type 2 are hyperglycemia, 
hyperinsulinemia and high levels of the hormone insulin-like growth factor 1 (IGF-1). The main 
purpose of this study was to assess the prevalence of neoplastic diseases at patients with diabetes 
mellitus type 2, and to investigate the the effect of the antihyperglicemic therapy on different 
types of neoplasm.  
Material and method: The study included 3094 patients with diabetes mellitus type 2, treated at 
the Center of Diabetes Timișoara, between 2013-2015. Data was collected related to a series of 
clinic and biologic parameters, to the presence and history of neoplastic diseases, as well as to the 
antidiabetic therapy that was used.   
Results: The prevalence of neoplastic diseases in the group included in the study was of 3,5%, 
109 patients having a form of cancer. Neoplasm prevalence was higher at patients that had taken 
insulin treatment, whereas the subgroup treated with sulfonylurea derivatives had a neoplasm 
prevalence twice as high as compared to the group that had undergone metformin monotherapy. 
Conclusion: The prevalence of neoplastic disorders was 1,5 higher at patients with diabetes 
mellitus type 2 as compared to the general population of Timiș county, the conclusion being the 
existence of some correlations between neoplastic disorder and age, weight status and the 
duration of the evolution of diabetes mellitus. 
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INTRODUCTION 
 

Diabetes mellitus (DM) and different types of neoplasm are 
chronic diseases, potentially fatal and extremely complex. All 
over the world, cancer is the second cause of death, whereas 
mortality due to DM ranks 7th. DM prevalence in the world is 
continuously increasing, from 171 million people with DM in 
2000 at 382 million in 2013 and shall reach to 590 million in 
the following 25 years. The most recent estimation of IDF 
(International Diabetes Federation) indicates a DM worldwide 
prevalence of 8,3% among adults.  
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It seems that patients suffering from DM have a higher risk of 
developing different types of neoplasm as compared to general 
population (Xu et al., 2014 and Garg, 2014). A questions rises 
naturally – whether the link between DM and cancer is caused 
by some common risk factors, unmodifiable (age, gender, race, 
ethnic group), or by modifiable factors (obesity, exercise, diet, 
alcohol consumption, smoking), or if perhaps DM and its 
characteristic metabolic modifications (hyperglycemia, 
hyperinsulinemia, resistance to insulin) increase the risk of 
different types of cancer (Noto et al., 2013 and Leroith et al., 
2008). Since insulin is produced by the β pancreatic cell and 
afterwards transported through the portal vein to the liver, then 
both liver and pancreas are exposed to high levels of 
endogenous insulin. On the other hand, hepatic steatosis, non-
alcoholic steatohepatises and cirrhosis can also increase 
susceptibility for hepatic cancer at people with DM type 2. 
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There is also a strong association between different disorders 
of the glucidic metabolism and pancreatic neoplasm 
(Giovannucci et al., 2010 and Hense, 2011).  Carcinogenesis is 
a complex process. Normally, cells undergo a series of 
modifications during the process of malignant transformation. 
DM can influence this process of neoplazic transformation 
through a series of mechanisms: hyperinsulinemia (either 
endogenous due to insulinresistance, or exogenous through the 
exogenous administration of insulin of sulfonylurea products), 
hyperglycemia and chronic inflammation (Vigneri, 2009). 
Besides the direct effects of insulin on the cancerous cells it is 
possible that hyperinsulinemia might generate carcinogenesis 
indirectly, through its effects on the insulin-like growth factor 
(IGF-I) (Schoen, 2005). Insulin and IGF factors form a 
complex network of surface cell receptors. Homodimers and 
heterodimers of the insulin receptors, as well as IGF, on the 
cell surface, mediate the insulin and IGF response. Isoform A 
can stimulate  the insulin-mediated mitogenesis, even in the 
cells that are lacking IGF-I receptors. Besides, apart from its 
metabolic functions, insulin receptors are able to stimulate the 
proliferation of cancerous cells and the appearance of 
metastasis.  
 
Since the glucose intake  by cancerous cells is done in high 
quantities in a manner dependent to the connection to the 
insulin receptor, the effects of the activation of the insulin 
receptor are rather linked to the cell survival and mitogenesis 
than to the increased glucose intake (Schoen, 2012). The 
increase of the circulating insulin level has a series of indirect 
effects, among which we may find the decrease of liver 
production and of the blood levels of the gender-hormone 
binding globulin, thus increasing the level of estrogen both at 
women and at men, as well as testosterone at women but not at 
men (Le, 2012). The ovarian androgen synthesis and possible 
the one existing at the level of suprarenal glands is increased 
by the hyperinsulinemia in the case of women at pre-
menopause (Pinheiro, 2005). The increased endogenous levels 
of sexual hormones are associated with a high risk of breast 
cancer, endometrial cancer and possibly other types of cancer 
at women, during post-menopause (Eliassen, 2006 and La 
Vecchia et al., 2011). Due to the molecular heterogeneity of 
different types of cancer, the hypothesis through which 
hyperglycemia favors the increase of tumoral subsets remains 
valid, and adequate anti-diabetic therapy limits the increase of 
cancerous cells.  
 
The adipose tissue is an active endocrine organ that produces 
free bile acids, interleukin 6 (IL-6), chemotactic proteins for 
monocytes, plasminogen activator inhibitor -1 (PAI-1), 
adiponectin, leptin, tumor growth factor (Robertson et al., 
2007). Each of them can play an etiologic role in the malign 
transformation process or in cancer progress. For example, 
through PAI-1, the plasminogen system is correlated with the 
unfavorable prognostic of breast cancer, the activation of the 
encoding signal and of protein transcription via cytokines (IL-
6) increase proliferation, survival and invasion of cancerous 
cells and decreases the antitumor immunity of the host (Orgel, 
2013 and Federico et al., 2007). The main objective of this 
study was to assess the prevalence of neoplastic disorders at 
patients with DM type 2, as well as to establish the possible 
correlations between the studied parameters (age, weight 
status, DM evolution duration, cardiovascular risk) and 
neoplastic disorders. Besides, we have also investigated the 
relationship between the used antihyperglicemic therapy and 
the types of neoplastic disorders in the study group. 

MATERIALS AND METHODS 
 

Study description 
 

Our study included 3094 patients with DM type 2 treated 
through the Center for Diabetes Timişoara, during 2013-2015: 
1723 women (55,7%) and 1371 men (44,3%), mean age 66,2 ± 
10 (41-82) years and mean evolution duration of DM of 10,6 ± 
5,7 (1-29) years.  
 
Studied parameters 
 
The following parameters have been evaluated: gender, age 
(years), weight status: body mass index (BMI - BMI), 
expressed in kg/m2, circumference of the abdomen (CA) 
expressed in cm. In addition, we have collected data related to 
alcohol consumption, smoking, presence of arterial 
hypertension (AHT), type of the antihyperglicemic therapy.  
The lipid profile of the patients included in study was also 
determined: CT (mg/dl), HDLc (mg/dl), TG (mg/dl), LDLc 
(mg/dl).  
 
The quality of the glycemic control was quantified through the 
value of HbA1c (%).  
 
Statistical analysis 
 
Data were collected and analyzed using SPSS v.17 software 
suite (SPSS Inc. Chicago, IL, USA) and are presented as mean 
± standard deviations (for continuous variables with Gaussian 
distribution), or percentages (categorical variables). In order to 
assess the significance of the differences between groups, t-
student (means, Gaussian populations), Mann-Whitney U (not-
Gaussian populations), and chi-square with Yates correction 
(proportions) tests were used. Continuous variable 
distributions were tested for normality using Shapiro-Wilk test 
and for equality of variances, with Levene’s test. A p value 
<0.05 was considered the threshold for statistical significance. 
 

RESULTS  
 
By analyzing the prevalence of neoplastic disorders in the 
group included in our study, we have seen it was of 3,5%, as 
109 of the patients included in the study had a certain form of 
cancer (Figure 1).  
 

 
 

Figure 1. Prevalence of neoplastic disorders at patients with DM 
type 2 

 

As per genders, we have seen a higher cancer prevalence in the 
case of women:  3,8% and 3,2% men respectively (p=0,102) 
(Figure 2). 
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Figure 2. Prevalence of neoplastic disorders, per genders,  
in the studied group 

 

By analyzing the type of cancer, we found that 52 patients 
(1,7%) were diagnosed with breast cancer, 31 patients (1%) 
with colorectal cancer, 14 patients (0,4%) with Hodgkin and 
Non-hodgkin lymphoma and 12 patients (0,4%) with other 
types of cancer (pulmonary, urinary bladder, scuamocelular 
epithelium).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The patients included in the study have been divided into two 
sub-groups: with and without neoplasm, thus performing a 
comparison between the main characteristics of the two sub-
groups.  The main characteristics that we have researched are 
presented in Table 1. Mean age of patients with neoplasm has 
been significantly higher as compared to those without 
neoplasm: 68.9±11.7 years versus 63.5±9.2 years (p<0.0001). 
Besides, such statistically significant differences were also 
observed between the mean values of the CA: 112.6±12.8 cm 
at men with neoplasm, as compared to 104.6±10.4 cm at those 
without neoplasm (p<0.01); 105.6 ± 11.6  cm at women with 
neoplasm, and 99.2 ± 9.8 cm at women without neoplasm 
(p<0.0006). As for the quality of glycemic control, it has been 
observed that the value of HbA1c was statistically significant 
higher at the group with neoplastic disorder 8.3 ± 11.4 %, as 
compared to the group without neoplastic disorders 7.9 ± 1.1 

% (p<0.01). Patients were also subdivided based on the type of 
antihyperglicemic therapy they were undergoing, as follows: 
those with non-insulin treatment, insulin and oral antidiabetic 
drugs in association and those treated only with insulin. Table 
2 shows cancer prevalence, based on the antihyperglicemic 
treatment. In the studied group, the prevalence of neoplastic 
disorders has been higher at patients treated with insulin, and 
the sub-group treated with SU had a neoplasm prevalence 
twice as high as compared with the sub-group treated with 
metformin in monotherapy (Table 2).  
 

DISCUSSIONS 
 

The presence of DM creates an environment that is favorable 
for the development of cancerous cells and the potential 
favoring factors of this process are: hyperglicemia, the 
increase of the production of reactive oxygen species (ROS), 
the creation of advanced glycation end products (AGE) and 
their interaction with RAGE receptors, hypoactivation of the 
Phosphoinositide 3-kinase/protein kinase B axis. In the 
presence of this micro-climate precancerous cells trigger the 
mechanisms involved in their malignant transformation, based  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
on their characteristic proprieties: increase of glycemia and of 
the gycolytic activity with the release of lactic acid (Warburg 
effect), decrease of the mitochondrial activity and oxidative 
phosphorylation, reduction of energy losses and acceleration 
of the phospholipid turnover. The results of multiple meta-
analysis have been published until now, demonstrating that 
some forms of cancer develop more frequently at patients with 
DM. An international study which included data from 6 
European countries and included a 549.944 people in total, 
49% men, mean age upon study start of 45 years – they have 
been tracked for a period of 11,3 years. This study has shown 
that an increase of the fasting glycemia by 1 mmol/l is 
followed by an RR of 1,05 at men and of 1,11 at women as 
related to cancer incidence (Stocks, 2009). Another study 
conducted in Korea during a period of 10 years which included 

Table 1. Characteristics of patients with DM type 2 with and without neoplasm 
 

Parameter With neoplasm Without neoplasm p 

Mean age (years) 68,9±11,7 63,5±9,2 p<0,001 
Mean BMI (kg/m2) 33,7±5,2 31,2±4,7 p<0,001 
Mean duration of DM (years) 11,6±5,7 9,6± 4,9 p<0,001 
CA men (cm) 112,6±12,8 104,6±10,4 p<0,01 
CA women (cm) 105,6±11,6 99,2±9,8 p<0,001 
HbA1c (%) 8,3±1,4 7,9±1,1 p<0,01 
CT  (mg/dl) 229,5±49,2 227,0±49,4 p=0,72 
HDLc (mg/dl) 44,5±10,0 47,5±11,4 p=0,07 
LDLc (mg/dl) 143,7±37,2 140,7±34,4 p=0,55 
TG (mg/dl) 206,5±69,7 193,9±64,3 p=0,18 

 
Table 2. Prevalence of neoplastic disorders in relation with the used antihyperglycemic therapy 

 
Treatment Prevalence of 

neoplasm 
p Treatment Prevalence of 

neoplasm 
p 

Non-insulin 3,4% 0.030* Met in monotherapy 
Met + SU 

Met + SU + incretins 
SU 

SU + incretins 
Met + TZD (n=2)! 

3,9% 
2.2% 
6,7% 
8.1% 
5.8% 
50% 

0.008* 

Oral+insulin 1,5% Insulin + Met 
Insulin + SU 

Insulin + Met + SU 

1.3% 
0% 

2,8% 

0.691 

Only insulin 5,6%  

* Differences are significant at α=0.05 treshold  
MET= Metformin; SU= Sulphonylureas; TZD= Thiazolidinediones 
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1.298.385 patients, 64% men, has shown a significant increase 
of the incidence of all types of cancer at patients with DM: 
1,24 (95%, CI; 1,20-1,28) at men and 1,33 (1,25-1.41) at 
women (Stocks, 2009). There is an obvious association 
between DM and colorectal cancer, Berster and Goke 
concluding that the risk of neoplasm at patients with DM is 30-
40%  higher, the smallest risk being at patients with a HbA1c 
value lower than 5%; for each 1% increase of the HbA1c, this 
risk increases by 34% (Berster, 2008). A meta-analysis which 
included 24 studies (8 control cases and 16 cohorts) has 
demonstrated the direct connection between the risk of 
colorectal cancer (the most frequent type of cancer of the 
digestive tract in modern society) and DM, with a RR of 1,26 
(95% CI; 1,20-1,31), and this risk increases directly 
proportional with the duration of evolution of DM (18,19,20). 
A cohort study conducted in Germany, which included 742 
people, has shown the inverse relation between the duration of 
evolution of DM and the risk of neoplasm (Hense et al., 2011). 
 
Data from two large retrospective studies conducted in 
Belgium (4012 patients with DM type 2) and China (7950 
patients with DM type 2) have demonstrated that 
hyperglicemia and DM significantly increase the risk of 
neoplasm (Geraldine, 2012 and Zhang et al., 2012), Moreover, 
it seems that the increase of the levels of IGF-1, 
hyperinsulinemia and the increase of HbA1c over 7,5% is 
associated with the increased occurrence of adenomatous 
polyps at young ages, (Schoen et al., 2005 and Siddiqui et al., 
2008).  Slow intestinal transit and constipation, very frequent 
at diabetic patients, determine a longer exposure of the colic 
mucous membrane to different toxins and carcinogens 
(Larsson et al., 2005). A study conducted in Italy has shown 
that diabetic women with the age of over 40 years have a risk 3 
times higher for endometrial cancer as compared to women 
without DM and this risk increases when it is associated with 
obesity and sedentarity, (Friberg et al., 2007). It has been 
found that the risk of breast cancer is correlated with the level 
of hyperinsulinism, evaluated through the values of C peptide: 
women with higher values of the C peptide have a higher risk 
of breast cancer as compared with women with lower values of 
this peptide.  
 
More and more clinic and epidemiological studies have 
demonstrated the link between DM and the increase of the 
pancreas risk, the relationship between the two disorders being 
extremely complex, since we are talking about a so-called 
,,causality” relationship (Brodovicz, 2012). Numerous 
pharmaceutical agents used in the treatment of DM type 2 
intervene in the carcinogenesis process after a different 
exposure period (Dankner et al., 2012). The protective role of 
metformin has been proven towards the increased risk that the 
insulin of sulphonylurea therapies have on the risk of cancer 
(Gallagher, 2011). Metformin reduces  glycemia and 
hyperinsulinemia at patients with resistance to insulin, 
especially through the reduction of the production of glucose 
by the liver; it induces apoptosis and the activation of the 
metabolic pathways (proteinkinase AMP that activates 
LKB1/AMP); it inhibates cellular proliferation, thus reducing 
the creation of colonies with the partial blocking of the cellular 
cycle in the lines of cancerous cells; it reduces the production 
of ROS, thus blocking mutagenesis in somatic cells (Rocha, 
2011). Besides, the metformin therapy improves the results of 
chemotherapy at patients with breast or pulmonary cancer, 
being considered as an independent survival factor at patients 
with colorectal cancer, (Lee et al., 2012). Besides, it amplifies 

the anticancer effects (blocks tumor growth, prolongs 
remission, induces a complete response) of some agents of 
chemotherapy such as doxorubicin and paclitaxel (Hirsch et 
al., 2009 and Rocha et al., 2011). Some observational studies 
have revealed an increased risk of cancer at patients treated 
with sulfonylurea derivatives, yet it seems that the gliclazide 
therapy determines a lower risk due to the reduction of 
oxidative stress (Bowker et al., 2006). Insulin treatment 
determines a significant, exaggerated increase of circulating 
insulin as compared to endogenous insulin, thus amplifying the 
link between hyperinsulinemia and the risk of cancer (Currie, 
2009). A series of epidemiological studies have analyzed the 
potential connection between the use of insulin and insulin 
analogs and the risk of neoplasm (Janghorbani, 2012). Data 
from a randomized clinical trial, conducted over a period of 5 
years, glargine versus NPH, has not indicated a higher risk of 
cancer due to any localization of glargine insulin (Hekens, 
2009). 
 
Conclusions 
 
The prevalence of neoplastic diseases was of 3,5% at the 
patients included in the study, 1,5 times higher as compared to 
the general population of Timiș counties. By genders, we have 
determined a higher prevalence in the case of women as 
compared to men. The following limitations of the study were 
identified: not having included all patients with cu DM type 2 
registered at the Center of Diabetes Timișoara, a low number 
of cases which, according to the estimations of the study 
group, could lead to a β type error, and the neoplasm diagnosis 
was determined by consulting the county's register of 
oncology. We have determined a higher prevalence of 
neoplasm at patients with DM type 2 that underwent insulin 
treatment, this fact was probably influenced by other factors as 
well, such as: age of the patients, longer duration of evolution 
of DM, the presence of overweight and obesity. Patients 
treated with sulfonylurea derivatives had a prevalence of 
neoplastic disorders twice as high as compared to patients 
treated with metformin in monotherapy. 
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