
Abstract. Background: Hungary has a leading place in
global statistics of oral cancer and there is a high incidence
of type-2 diabetes. Patients and Methods: A retrospective
diabetes and impaired fasting glucose (IFG) screening of 758
inpatients with histologically-confirmed oral malignancies
was performed. The control group comprised of 534 tumor-
free adults. The results were compared to data collected 14
years earlier. Results: Diabetes mellitus (DM) was found in
25.9% and IFG in 20.6% of patients with oral cancer.
Fourteen years earlier, DM was diagnosed in 14.6% and IFG
in 9.7% of cancer patients. Among diabetic patients, the
labial tumor location showed long-term dominance. The
smoking rate of diabetes patients with oral cancer was higher
in the present than in the previous study. Conclusion: The
prevalence of type 2 diabetes and IFG increased significantly
among oral cancer patients in the last 14 years.

Diabetes is considered an endemic medical condition with
increasing prevalence globally. This tendency has been also
detected in Hungary where the prevalence of diabetes among
the adult population reached 7% according to the latest
statistical data (1). Numerous data from several medical
publications have shown that diabetes is a promoting factor
in the formation of malignant tumors at different sites and
has a negative impact on tumor progression and patient
survival (2-16). Our medical research team has long studied
the correlations between oral cavity cancer and diabetes,
mainly type 2 diabetes (17, 18). Since type-2 diabetes has
rapidly increased in prevalence globally and the morbidity
and mortality rates of oral cavity cancer –especially in

Hungary– do not show any significant decrease, we
examined the relationship between glucose metabolic
disorders and oral cancer in our clinic over the past 14 years.
In the present study, we analyzed data of 758 patients with
oral cavity cancer and 534 tumor-free control patients and
examined the prevalence of diabetes and impaired fasting
glucose (IFG), the distribution of tumor location and the role
of smoking. Additionally, we compared our current results to
data obtained 14 years ago.

Patients and Methods

We conducted a retrospective research study in the inpatient ward
of the Semmelweis University Department of Oral and
Maxillofacial Surgery, Budapest, Hungary. We examined patients
who were diagnosed with histologically confirmed malignant oral
tumors. The examination period was between the 1st of January,
2012 and 31st of December, 2015. These results were compared to
an earlier study that was conducted in the same Department between
the 1st of January, 1998 and 30th of June, 2002.

We processed the data of 610 patients (435 males and 175
females) in the first interval and the data of 758 patients (400 male
and 358 female) in the second interval. All patients were diagnosed
with histologically confirmed malignant cancer. Based on these
histological data, we confirmed that 606 cases among the 610 and
749 cases among the 758 were squamous cell carcinomas, while the
remainder consisted of adenocarcinomas. The average age of the
patients from the previous study was 56 years (range=36-85),
whereas the average age of the patients in the follow-up study was
64 years (range=12-92).

The control group in the first research interval was formed by
574 patients (351 male, 223 female). Their average age was 51
years (range=32-79).

The control group in the second study interval was formed by
534 patients (318 male, 216 female) with an average age of 53 years
(range=30-94). The patients of the control group in both study
intervals volunteered for stomato-oncological screening and found
symptom- and cancer-free.

We considered patients with diabetes mellitus (DM) to be those
who had been previously diagnosed and treated for diabetes by an
internist or diabetologist. We classified patients into the IFG group
when their fasting blood glucose values were between 6.1 and 6.9
mmol/l. We considered patients to have normal glucose metabolism
when their blood sugar levels were below 6.1 mmol/l.
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The laboratory test was conducted in the Central Laboratory of
Semmelweis University using a Beckman Coulter AU 5800 laboratory
diagnostic machine (Beckman Coulter Inc., Brea, CA, USA).

We compared the prevalent locations of the malignant oral
tumors and the smoking habits between the group with diabetes and
the group without diabetes.

We used Pearson’s Chi-squared test (χ2) for our statistical
analysis. Differences below a 5% limit (p<0.05) were considered
significant.

Results

DM was found in 25.9% (196 patients) and IFG in 20.6%
(156 patients) of the oral cancer group. In the control group,
the rate of DM was 10.3% (55 patients), whereas the rate of
IFG was 10.5% (56 patients). This difference was significant
among both the DM group and the IFG group of patients
(p<0.05). In the diabetes mellitus group, 98% were
diagnosed with type 2 diabetes (192 patients), whereas the
remaining 2% had insulin-treated type 1 diabetes.

These results indicated that 46.5% of the oral cancer
group had a metabolic disorder (IFG + DM). In the tumor-
free control group of 534 patients, 10.3% (55 patients) had
DM and 10.5% (56 patients) IFG. In the control group,
20.8% (111) had a glucose metabolic disorder. The rate of
metabolic disorder in the oral cancer group was significantly
higher than that in the control group (p<0.05).

Upon comparing the present study to the data that we
collected 14 years earlier, we found that the rate of diabetes
increased from 14.6% to 25.9%, while the rate of IFG
increased from 9.7% to 20.6% (p<0.05). Among the tumor-
free control group, the rate of DM climbed from 5.6% to
10.3%, as did IFG from 5.5% to 10.5%, which was
statistically significant (p<0.05) (Table I).

Based on the statistical analysis, we concluded that the
prevalence of patients with glucose metabolic disorders (IFG
+ DM) markedly increased from the previously measured
24.3% to 46.5% among those patients with cancer. We also
found that the number of patients with glucose metabolic
disorders (IFG + DM) climbed from 11.1% to 20.8% over
time among the control group, which was statistically
significant (p<0.05).

The most common cancer locations in the non-diabetes
oral cancer group were gingival cancer (30.2%) and
sublingual malignant tumors (22.1%). The most frequent
types of tumors among patients with diabetes were labial
and lingual cancers (34.7% and 21.4%, respectively)
(Table II).

The frequency of smoking among oral cancer patients,
cancer patients with diabetes and control group patients was
57.7%, 64.3% and 41.2%, respectively. A previous study
reported smoking rates of 68%, 30% and 28% among oral
cancer patients, cancer patients with diabetes and control
group patients, respectively (Table III).

Our results led us to conclude that the rate of smoking
increased among oral cancer patients with diabetes and
control patients (p<0.05).

Discussion

Malignant tumors and DM are serious public health issues
worldwide. This phenomenon is especially prevalent in
Hungary, as this country ranks first in oral cancer morbidity
and mortality in Europe (19).

Oral squamous cell carcinoma has a poor prognosis, with
the five-year survival rate remaining at 50-55% (14, 20).
Numerous medical publications have confirmed the correlation
between DM and malignant tumors (10, 12, 21). In particular,
head, neck and oral tumors exist more frequently in patients
with diabetes. Diabetes mellitus increases the progression of
oral carcinomas and reduces life expectancy (14).

Several tissue reactions promote the spread of malignant
tumors in DM patients. In type 2 diabetes, the permanent
hyperglycemic condition generates the release of free
radicals and oxidative stress (22).

The elevated glucose concentration facilitates the synthesis
of tumor cell DNA, as malignant cell metabolism relies on the
pentose phosphate pathway. Due to oxidative balance failure,
advanced glycation end products (AGEs) accumulate, which
generates the release of free radicals, cytokines and growth
factors (23). These harmful products cause extracellular matrix
damage and increase the permeability of the basal membrane,
thereby promoting the spread of cancers. It has already been
shown that matrix metalloproteinase levels increase in DM,
which facilitates the local distribution of tumor cells and the
formation of metastases (17, 24). AGEs enhance the
expression of their receptor, RAGE, which is one of the main
regulatory factors underlying tumor cell invasion (25).
Hyperglycemia also increases the agglutination of blood cells,
which causes microembolization, blood vessel obstruction and
hypoxia (26). As non-oxidative anabolic pathways play a
leading role in tumor cell metabolism, these cells are able to
multiply even in hypoxic conditions (27) In cases of diabetes,
elevated glucose levels potentiate ribose generation and DNA
replication by tumor cells (28). Hyperglycemia also promotes
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Table I. Prevalence of IFG and diabetes among patients diagnosed with
oral cancer and the control group at two different examination intervals.

                         Oral cancer group                          Control group

                  1998-2002          2012-2015         1998-2002         2012-2015

DM               14.6%                 25.9%                 5.6%                 10.3%
IFG                9.7%                  20.6%                 5.5%                 10.5%

DM, Diabetes mellitus, IFG, impaired fasting glucose.



the spread of carcinomas and tissue damage due to the Glut-1
glucose transporter. Indeed, the rate of Glut-1 expression
significantly correlates with the increased mortality and lower
life expectancy of oral cancer patients (3).

Our comparative epidemiological study showed that the
rate of type 2 diabetes increased in the tumor group from
14.6% to 25.9% within 14 years, as did the proportion of
patients with impaired glucose tolerance from 9.7% to
20.6%. Based on these data, 46.5% of oral cancer patients
had a glucose metabolism disorder.

Another remarkable change among oral cancer patients came
in the form of gender distribution. The former study showed a
predominance of males (435 males, 175 females), while the
second study reflected an equalization of the sexes (400 males,
358 females). The average age of the patients also changed
compared to the previous study. The average age of diabetes
patients with oral cancer increased from 60 to 65 years, likely
due to the higher participation of female patients. Malignant
tumors of women typically appear after menopause when the
estrogenic defensive mechanisms no longer exist; this hormonal
change also contributes to obesity and insulin resistance (2, 29).

Persistent hyperglycemia and hyperinsulinemia can both
provoke pathological cell proliferation. Insulin has several
effects on metabolism as insulin itself is a growth factor that
facilitates the production of other growth factors (IGFs) and
increases the mitogenic activity of these products. Growth
factors, such as insulin, regulate the growth, proliferation,
differentiation and malignant degeneration of cells (4, 6, 30).

The most frequent types of cancer in the new study among
patients with diabetes were labial and lingual carcinomas, in
contrast with the previous study where the most common
tumor locations were labial and gingival tumors. The
salivary secretion rate of patients with diabetes usually
decreases, especially when patients are not attended to
adequately. Furthermore, cheilitis and glossitis can also be
present, with these forms of chronic inflammation and
atrophy serving as precursors to malignancy.

In the latter study, the most frequent locations of cancer
among non-diabetes patients were the gingiva and the
sublingual, whereas the former study showed lingual and
sublingual dominance. The most considerable risk factors for

oral cancer are smoking and excessive alcohol consumption,
with these factors manifesting their harmful effects primarily
on the sublingual and lingual areas. Carcinogenic compounds
in tobacco accumulate in saliva on the sublingual region,
which forms a horseshoe-like area between the tongue and
the base of the mouth. Hard alcohol consumption increases
the permeability of the mucosa and promotes the access of
carcinogenic products through the epithelial barrier.

These processes contribute to sublingual carcinomas,
which were the most common tumors in non-diabetes
patients in the previous study. However, in the more recent
examination period, we observed gingival tumors in addition
to sublingual cancer as the most frequent tumor types. This
difference can be explained by the increased rate of women
included in the study, as gingival hormone receptors are
sensitive to sex hormone changes (such as in the case of
pregnancy gingivitis and epulis). We hypothesize that the
increased occurrence of gingival tumors was generated by
the hormonal changes that take place after menopause.

The frequency of smoking among oral cancer patients
slightly decreased over the previous 14 years from 68% to
57.7%. In contrast, the rate of smoking among cancer
patients, who also had diabetes, significantly increased from
30% to 64.3%. These data are similar to those from other
previous studies, which report a smoking rate of 70% in the
same patient group (17, 31). In the control group, the
frequency of smoking also increased compared to the data
obtained in the earlier study.
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Table II. Oral cancer locations among patients with and without diabetes examined between the years 2012 and 2015.

                                                                                                                          Location of oral cancers

                                     Labial tumor              Lingual tumor             Sublingual tumor                 Gingival tumor             Other tumor               Total

NON-DM                      21.7% (122)                 18.5% (104)                   22.1% (124)                       30.2% (170)                 7.5% (42)                  562
DM                                 34.7% (68)                   21.4% (42)                     13.3% (26)                         19.4% (38)                 11.2% (22)                 196
Total                                25% (190)                   19.3% (146)                   19.9% (150)                       27.4% (208)                 8.4% (64)                  758

DM, Diabetes mellitus.

Table III. Prevalence of smoking among oral cancer, oral cancer and
diabetes, as well as control patients.

                                                              Frequency of smoking

                                                    1998-2002                   2012-2015

Oral cancer                                       68%                            57.7%
Oral cancer + DM                            30%                            64.3%
Control                                              28%                            41.2%

DM, Diabetes mellitus. 



Data provided by the World Health Organization (WHO)
showed that the smoking related morbidity in Hungary is
approximately two times higher than the average in the
European Union (15), a phenomenon likely caused by social
and economic conditions. After the economic crisis of 2008,
many individuals in Hungary between 50-60 years of age
became unemployed and it became more difficult to find
work, especially for unqualified individuals, who likely
constituted the elderly and smoker group in this study.

Smoking induces free radical reactions and metabolic
pathway disorders. Due to these processes, smoking plays a
major role in tumor formation and insulin resistance (32, 33).

As diabetes is a risk factor for oral complications, annual
oral screening needs to be highlighted in diabetes care
guidelines (34). We would like to draw attention to the
rapidly increasing number of oral cancer patients with
glucose metabolism disorders and highlight the importance of
regular stomato-oncological screening and interdisciplinary
cooperation between medical professionals in the fields of
type 2 diabetes and oral cancer.
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