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A B S T R A C T   

Objective: The prevalence of undiagnosed diabetes was estimated to increase with age and can reach 3.5%. The 
purpose of the study was to evaluate the prevalence of undiagnosed diabetes and prediabetes in the elderly 
patients who attended a dental clinic and to find common risk factors. 
Methods: Male patients, older than 50 years, attended their first dental visit to the School of Dentistry for a period 
of two years, and it was proposed to evaluate undiagnosed type 2 diabetes mellitus. Periodontal, biochemical, 
microbiological examinations, nutritional profile, and physical activity were performed. 
Results: A total of 106 patients were examined, 6 (5.6%) had diabetes, and 37 (34.9%) had prediabetes without 
prior diagnosis. The severity of periodontitis was greater in patients with diabetes. Most of the patients were 
overweight and had increased systolic blood pressure. Patients with prediabetes and periodontitis had a low 
adherence to the Mediterranean diet. Tannerella forsythia was present in more patients with periodontitis, and the 
prevalence of Aggregatibacter actinomycetemcomitans is practically absent in groups with periodontitis, except for 
the group with diabetes. 
Conclusions: In the population studied, the prevalence of patients without a diagnosis of diabetes and prediabetes 
was very high and underestimated. The increased severity of periodontitis in patients with diabetes and in 
conjunction with the high level of cortisol seen in patients with periodontitis, especially those with diabetes, 
emphasize the dysregulation of the immunoinflammatory system. 
Clinical significance: It is essential to add all this data to our dental practice to cover patient health with a broader 
landscape.   

1. Introduction 

Non-communicable diseases (NCDs) can induce a systemic pro- 
inflammatory response and are responsible for more than 70% of all 
deaths worldwide, along with a significant economic impact. These 
NCDs often share negative behaviors such as smoking and alcoholism, 
unhealthy diet, lack of physical activity [1,2] and are based on three 
pillars: dysbiosis, low-grade inflammation, and immune dysfunction 
[3]. Several chronic diseases are part of that group, such as type 2 dia-
betes mellitus (DM2), obesity, metabolic syndrome, cardiovascular 

diseases, and periodontitis, which is now considered one of the six most 
important NCDs [4,5]. 

Diabetes mellitus is one of the most serious chronic diseases and one 
of the fastest growing in the 21st century, where it is estimated that in 20 
years there will be more than 643 million people with diabetes in the 
world [6]. DM2 is the most common form of diabetes and one of the 
leading causes of premature death in the world, considered a global 
epidemic [7,8]. It is characterized by a hyperglycemic condition due to 
insulin resistance (IR) or partial/total deficiency in insulin production, 
resulting in an altered immunoinflammatory response that can result in 
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micro and macrovascular complications [6]. 
Impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) 

are also called "prediabetes" or borderline diabetes by some authors. 
Prediabetes is not a clinical entity, but a risk marker for the appearance 
of DM2, cardiovascular disease, and / or adverse outcomes. [6,9-11] The 
increasing prevalence of prediabetes represents a public health problem, 
and its early detection is an important measure for the implementation 
of interventions to prevent diabetes and other possible complications. 
[6,12] 

Periodontitis is a multifactorial chronic inflammatory disease, 
considered a major public health problem present in developed and 
developing countries that has increased in incidence since 1990. Its 
global prevalence is around 45–50%, and 11% of the world́s population 
suffers from its severe form, making it the sixth most common disease in 
the world [13]. Periodontitis is recognized as the sixth most classic 
complication of diabetes, and its presence is associated with a greater 
presence of complications related to diabetes [14,15]. 

Periodontitis is associated with dysbiotic dental biofilm that causes 
progressive host-mediated connective tissue damage and loss of alveolar 
bone loss [16]. Dental biofilm represents only 20% of the direct risk of 
developing periodontitis and the remaining 80% are represented by 
modifiable risk factors (such as diabetes and smoking) and non-
modifiable risk factors (such as age, sex, genetic predisposition genetics) 
[17]. Periodontitis negatively affects chewing ability, leading to poor 
nutrition and poor quality of life [16,18]. 

DM2 and periodontitis [4] have a "bidirectional" relationship and 
this association is considered a source of comorbidity [19,20]. Chronic 
hyperglycemia is one of the main risk factors for periodontitis and in-
creases its prevalence, severity and progression, just as periodontitis 
increases insulin resistance and worsens glycemic control [21]. These 
diseases share several pathological mechanisms that involve impaired 
activation of the immune system and increased oxidative stress, pri-
marily in people with uncontrolled diabetes [22–25]. Periodontal health 
and oral health in general should be considered part of an individual’s 
overall health, and preventive strategies that are appropriate for most 
chronic diseases can also be appropriate to prevent or reduce the pro-
gression rate of periodontitis progression [26]. 

The global population over 60 years of age is expanding, estimated at 
1 in 11 people in the world, and its prevalence is expected to double in 
the coming years until 2050 [27]. Elderly people are also an important 
factor to consider in this scenario because they cover a group of patients 
who are more susceptible to chronic diseases, polymedication therapies, 
and fewer people with missing teeth, making oral health even more 
important, necessary, and complex [28]. In fact, understanding the 
interaction between accelerated aging and these inflammatory diseases 
is essential for the follow-up and treatment of patients. 

The prevalence of periodontitis and diabetes mellitus varies ac-
cording to sociodemographic characteristics, suggesting that lifestyle 
can play a role in the development of the disease [13,29,30]. Today we 
face an aging population with chronic diseases and exposure to risk 
factors that are extremely difficult to treat and define a health parameter 
for these people [31]. The combination of lifestyle changes (dietary 
counseling, regular physical exercise, quitting smoking) and dental care 
in the same medical care program showed an improvement in glycemic 
and periodontal status in patients with NCD, especially those with 
elderly [18,32–34]. Considering the great impact of oral complications 
on quality of life, it is crucial that both the doctor and dentist deepen 
their knowledge of the pathological relationship of these diseases to 
carry out adequate treatment and recognize the patient as the center of a 
dynamic environment and suffering from complex diseases [18,35]. 

Diabetes is a silent disease and is often undiagnosed because it 
initially has few or even no symptoms. Around 50% of people with 
diabetes are estimated to have a correct diagnosis [6]. In view of this and 
all the above, the main objectives of this study are to find all diabetes 
and prediabetes conditions in a group of elderly male patients and 
associated risk factors, attended in a dental clinic. 

2. Materials and methods 

2.1. Study population 

This study was designed as a descriptive analysis of patients who 
attended the first visit to the School of Dentistry. Inclusion criteria: male 
individuals, more than 50 years old. Exclusion criteria: previous treated 
for periodontal disease and intake of antibiotics in previous 6 months. 
All patients signed an informed consent. The protocol was approved by 
the Ethics Committee (1588-N-20, 12–21–2016). The minimum clinical 
difference to be considered in the HbA1c (glycated hemoglobin) vari-
able was estimated to be 0.15, the statistical power greater than 80% for 
a 5% margin of error for a minimum of seven patients. 

2.2. Clinical data 

General data were recorded: age, history of other diseases that may 
be related to the purpose of the study and the drugs used, anthropo-
metric parameters (height, weight, body mass index [BMI], waist 
circumference), cardiovascular parameters (systolic pressure, diastolic 
pressure, and heart rate), and smoking. We considered a smoker to be 
someone who smokes at least one cigarette per day, and nonsmokers as 
those who currently do not smoke. 

2.3. Dietary evaluation 

Diet assessment was carried out using the Mediterranean Diet 
Adherence Screener (MDA) [36], consisting of 12 questions on the fre-
quency of food consumption and two questions about food intake habits 
considered characteristic of the Spanish Mediterranean diet. Each 
question was scored 0 or 1 and classified as low (0- 7) and high (8–14). 

2.4. Physical activity 

The average hours of weekly exercise were obtained based on Min-
nesota Leisure Time Physical Activity [37]. The patients were asked 
about the hours they spent walking, sports, home activity and other 
physical activity per week, the average weekly exercise hours were 
obtained. 

2.5. Periodontal examination 

A calibrated clinical investigator recorded the probing depth (PD) 
(distance between the free gingival margin and the pocket depth), the 
clinical attachment level (CAL) (distance between the cement-enamel 
junction and the pocket depth) and bleeding on probing (BoP) after 
30 s at six sites per tooth [38]. The diagnosis of periodontitis was made 
according to the World Workshop on the Classification of Periodontal 
and Peri-implant Diseases and Conditions 2017 [16]. The percentage of 
teeth with PD greater than or equal to 4 mm, at 2 or more interproximal 
sites was obtained as an index of severity of PD [39]. Also, the mean PD, 
CAL, and BoP were obtained. Additionally, the number of teeth present 
was recorded. 

2.6. Biochemical parameters 

Venous blood samples were obtained after a fasting period. The 
following biochemical parameters were obtained: fasting plasma 
glucose (FPG), cholesterol, triglycerides, high-density lipoprotein 
(HDL), low-density lipoprotein (LDL), very low-density lipoprotein 
(VLDL), urea, creatinine, uric acid, GPT, GGT, albumin, total bilirubin, 
phosphorus, calcium, thyroid-stimulating hormone (TSH), cortisol for 
all patients. Participants were evaluated for the presence of prediabetes 
or diabetes based mainly on HbA1c levels where the normal group has 
HbA1c less than 5.7%, the prediabetes group 5.7% to 6.4% and the 
groups with type 2 diabetes mellitus greater than 6.4% according to the 
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recommendations of the American Diabetes Association [11]. 

2.7. Microbiological parameters 

For the analysis of the microbiological profile, the three deepest 
periodontal pockets of each patient were selected. Before harvesting, a 
supragingival scaling was performed. Paper points were subgingivally 
inserted for 30 s and then the three samples of each patient were pooled 
and stored in an Eppendorf tube and processed immediately. DNA was 
extracted in 24 h using the High Purity PCR Template Preparation Kit 
(Roche, Mannheim, Germany) and aliquoted for the microIDent PCR test 
(Hain Lifescience, Nehren, Germany). DNA-STRIP technology was used 
to record the species Porphyromonas gingivalis (Pg), Tannerella forsythia 
(Tf), Treponema denticola (Td), Prevotella intermedia (Pi) and Aggregati-
bacter actinomycetemcomitans (Aa), as previously described [40]. To 
determine analytical sensitivity, a series of plasmids containing target 
sequences detectable with micro-IDent®plus11. The following detection 
limits were determined: Species Aa: 50–100 genome equivalents/PCR or 
1000- 5000 genome equivalents/paper point; all other species: 
500–1000 genome equivalents/PCR or 10,000- 50,000 genome equiv-
alents/paper point. The results were classified into 5 groups according to 
the bioburden: not detectable (<104, Aa <103), borderline (104, Aa 
103), increased (<105, Aa <104), high (<106, Aa < 105), very high (106, 
Aa ≥105). 

2.8. Statistical analysis 

Statistical analysis was performed using SPSS version 21.0 software 
(SPSS Inc., Chicago, IL, USA). Data were presented as means and stan-
dard deviations for continuous variables and as percentages for quali-
tative variables. Pairwise comparisons of qualitative variables were 
made using the Chi square test (Chi2), to determine the groups that made 
the difference, corrected standardized Haberman residuals were used, 
and a normality test was previously applied. Regarding numerical var-
iables, those that do not follow a normal distribution have been used 
using the Mann-Whitney U test (dichotomous variables) or the Kruskal- 
Wallis test (for variables with more than two categories). For those with 
normal distributions, analysis of variance (ANOVA) has been applied. To 
determine the groups that make the difference (Post-hoc) in the case of 
variables with more than two categories, the Bonferroni test has been 
applied. 

3. Results 

3.1. General data 

From 2018 and 2020 a total of 106 individuals agreed to participate 
in the study. Among them, 45 patients without periodontitis and 61 with 
periodontitis. Of these 106 patients, only 15 patients had a previous 
diagnosis of DM2, and analyzing the HbA1c values in the entire sample, 
we found 37 (34.9%) patients with prediabetes and 6 (5.6%) patients 
with DM2, without a previous diagnosis. Table 1 shows the proportion of 
periodontitis in each group, prediabetes and diabetes patients had a 
higher number of periodontitis cases, but with nonsignificant statistical 
differences. 

A total of six groups were established: 1) no diabetes without peri-
odontitis (H), prediabetes without periodontitis (PreDM), diabetes 

without periodontitis (DM), no diabetes with periodontitis (P), predia-
betes with periodontitis (PreDMP), and diabetes with periodontitis 
(DMP). Systolic blood pressure was significantly higher in patients with 
DMP than in the other groups (H, PreDM, P, and PreDMP), except for 
those with DM. No significant differences were found for age, weight, 
BMI, waist circumference, diastolic blood pressure, heart rate, and 
smoking between the groups considered, except for height and systolic 
blood pressure. (Tables 2 and 3) 

Regarding the analysis of adherence to the Mediterranean diet 
(MDA), it was possible to observe a significant difference between the 6 
groups. Patients with diabetes had a good adaptation to the Mediterra-
nean diet, especially patients with DMP (85.7%). Another interesting 
aspect is the difference in the adequacy of patients with prediabetes, 
where almost half of the patients with PreDMP were in the low category, 
while all patients with PreDM had a high adequacy to MDA. The PreDMP 
and DMP groups were those with the lowest average weekly exercise per 
year. However, no statistically significant differences were found be-
tween the groups in these parameters. Smoking habit did not show 
significant differences among the 6 groups.(Table 4) 

3.2. Periodontal evaluation 

Table 5 shows the periodontal evaluation with statistical differences 
between all variables. The number of teeth present did not show dif-
ferences between the groups. The PD in H was different between P, 
PreDMP, and DMP; in PreDM it was different from DM; DMP was 
different from H and PreDM. CAL measurements showed a marked dif-
ference between the non-periodontitis and periodontitis groups. BoP 
shows differences between H and P, PreDMP and DMP with the highest 
value in DMP. The severity index shows differences between H and P, 
PreDMP and DMP; DM was different from PreDMP. 

Among the 106 patients, 24 of the patients were smokers and 82 
were nonsmokers. When analyzing the percentage of BoP and smoking 
(Table 6), it is observed that in the group of non-smoking patients, the 
DMP group had significantly higher bleeding compared to the other 
subgroups, H shows statistical differences with P and DMP. No statisti-
cally significant differences were observed between smoking patients, 
although a visibly higher percentage of bleeding was observed in the 
periodontitis groups, except for the DMP group. 

3.3. Analysis of the microbiological profile 

The microbiological results are shown in Table 7. 
A. actinomycetemcomitans was found to be present in all groups except 
the P and PreDMP groups, which were completely absent. The bacterial 
load of T. forsythia differs between the groups with and without peri-
odontitis, with the highest and most significant values in the P and DMP 
groups. T. forsythia and A. actinomycetemcomitans were the only ones 
who showed a marked statistical difference in their bacterial load, while 
the others did not have statistically significant differences. 

3.4. Biochemical analysis 

Most biochemical parameters did not show statistical differences 
between groups, except HbA1c and FPG. HbA1c shows differences be-
tween all groups; FPG shows differences in H with DM and DMP, DM was 
different between H, P and DMP. Furthermore, cortisol levels also 
highlighted a statistically significant difference between the groups, 
especially between the H group compared to patients with periodontitis 
(DMP, PreDMP and P groups). (Table 8) 

4. Discussion 

From a clinical point of view, the most relevant finding of this study 
was that 40% of patients did not know about their diagnosis of predia-
betes (34.9%) and diabetes (5,6%). Furthermore, in our sample we 

Table 1 
Periodontitis according to HbA1c levels (n = 106).   

Periodontitis  
No Yes 

Normoglycemic (n ¼ 48, 45.3%) 24 (50%) 24 (50%) 
Prediabetes (n ¼ 37, 34.9%) 14 (37.8%) 23 (62.2%) 
Diabetes (n ¼ 21, 19.8%) 7 (33.3%) 14 (66.4%)  
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observed a high number of patients with periodontitis (61; 57,54%) and 
the highest proportion (37; 60,65%) was present in the prediabetes and 
diabetes groups. Considering that we are dealing with a population 
restricted to men and older than 50 years of age, we can say that these 
results demonstrate a high prevalence and often underestimated, for 
these two diseases, especially when we consider previous data (44,7% of 
adults between 20 and 79 years of age with undiagnosed diabetes [6], 
22% of people in developed countries with undiagnosed diabetes) [41]. 

The prevalence of adult patients with diabetes and prediabetes 
without previous diagnosis was analyzed in the United States and their 
results emphasize how the prevalence increases with age, where the 
percentage of patients without a previous diagnosis of diabetes was 
4.8% in adults over 65 years, 4.4% in the group of 45 to 64 years, and 
1.8% in patients 20 to 44 years. The same pattern was observed in 
prediabetic cases, with a prevalence of 54.6%, 42.2%, and 25.1% for 
those older than 65, 45–64 and 20–44 years, respectively [42]. 

Many studies have already demonstrated the importance of dentists 
in detecting patients without a previous diagnosis of diabetes or pre-
diabetes in dental settings [43–48]. Include the fact that there is a sig-
nificant number of patients who do not usually visit their doctors in the 
same proportion as they attend dental offices [49]. Bearing in mind that 
our sample was restricted to care at the Faculty of Dentistry, this rate is 
quite considerable and shows the importance of the dentist in the 
comprehensive evaluation of the patient to reduce the enormous rate of 
undiagnosed patients in the world. 

Possible reasons for this high prevalence of undiagnosed patients 
may be related to the fact that diabetes does not have symptoms in most 
cases and there are currently five definitions of prediabetes in clinical 
use [50] which is a challenge to establish optimal approaches to its 
detection, diagnosis and management [51]. This controversy exists 
mainly due to the use of HbA1c as the only parameter for the detection 
of this condition and the possible variation of its levels may occur ac-
cording to some characteristics of individuals such as ethnicity and age 
[52]. But it is already clear that high levels of HbA1c are strongly 
associated with adverse outcomes and highly specific for long-term 
hyperglycemia, in addition to being a non-fasting test with less pre-
analytical variability (fewer factors that can influence test results) and 
with low intra-individual variability compared to fasting plasma 
glucose, in addition to being a guide for decision- making about treat-
ment [50]. 

A small number of patients reported the use of medications to control 
hypertension, and an even smaller number confirmed a previous 

Table 2 
General data.   

Ha (n = 24; 22,60%) PreDMb (n = 14; 13,20%) DMc (n = 7; 6,60%) Pd (n = 24; 22,60%) PreDMPe (n = 23; 21,70%) DMPf (n = 14; 13,20%) 

Age (years) 60.63 ± 8.85 63.00 ± 9.00 62.57 ± 9.54 60.79 ± . 48 60.48 ± 7.77 65.79 ± 8.75 
Weight (kg) 85.50 ± 12.24 80.00 ± 9.92 62.57 ± 8.86 76.33 ± 9.83 81.07 ± 12.14 83.64 ± 15.66 
Height (cm) 175.42 ± 6.71c,f 171.79 ± 7.46 167.00 ± 6.03a 171.42 ± 6.19 171.87 ± 5.38 170.21 ± 7.71a 

BMI (kg/m2) 27.79 ± 3.71 27.08 ± 2.55 30.13 ± 3.84 26.00 ± 3.33 27.48 ± 28.93 28.93 ± 5.44 
WC (cm) 107.08 ± 8.92 103.57 ± 11.41 111.86 ± 9.06 101.24 ± 8.75 108.17 ± 11.07 109.57 ± 12.79 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes without periodontitis; DM: diabetes without periodontitis; P: no diabetes with periodontitis; 
PreDMP: prediabetes with periodontitis; DMP: diabetes with periodontitis; BMI: body mass index; WC: waist circumference. Mean ± standard deviation. Statistically 
significant differences between groups are indicated by the letters a,b,c,d,e,f which indicate statistical differences. 

Table 3 
Cardiovascular parameters.   

Ha PreDMb DMc Pd PreDMPe DMPf 

SP (mmHg) 145.46 ± 20.49f 133.50 ± 22.68f 156.57 ± 27.71 144.04 ± 21.80f 145.30 ± 26.48f 165.21 ± 21.32a,b,d,e 

DP (mmHg) 83.96 ± 10.84 81.36 ± 10.09 91.57 ± 10.85 80.08 ± 17.62 83.04 ± 12.48 88.64 ± 13.57 
Heart rate (b/min) 67.71 ± 10.12 69.79 ± 12.83 75.57 ± 11.12 68.24 ± 13.79 71.61 ± 11.46 73.71 ± 10.48 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes without periodontitis; DM: diabetes without periodontitis; P: no diabetes with periodontitis; 
PreDMP: prediabetes with periodontitis; DMP: diabetes with periodontitis; SP: systolic pressure; DP: diastolic pressure. Mean ± standard deviation. Statistically 
significant differences between groups are indicated by the letters a,b,c,d,e,f which indicate statistical differences. 

Table 4 
General information regarding on habits such as smoking, diet, and physical 
exercise.   

Ha PreDMb DMc Pd PreDMPe DMPf 

Smokers 12.5% 21.4% 14.3% 29.2% 34.8% 14.3% 
MDA       

Low 33.3 0.0* 42.9 16.7 47.8* 14.3 
High 66.7 100.0* 57.1 83.3 52.2* 85.7 

Weekly 
exercise 
(h)/year 

9.48 ±
7.68 

11.64 ±
8.39 

8.71 ±
6.90 

9.75 ±
8.39 

5.27 ±
4.82 

6.07 ±
3.98 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes 
without periodontitis; DM: diabetes without periodontitis; P: no diabetes with 
periodontitis; PreDMP: prediabetes with periodontitis; DMP: diabetes with 
periodontitis; MDA: Mediterranean diet adherence. Mean ± standard deviation. 
+ statistical differences chi2. 

Table 5 
Periodontal evaluation.   

Ha PreDMb DMc Pd PreDMPe DMPf 

Remaining 
teeth 

23.4 
±

4,8b,c, 

d 

20.7 ±
4.3 a 

23.1 ±
3.4a 

18.1 ±
7.1 a 

20.3 ±
6,0 

20.8 ±
5.4 

PD 2.4 ±
0.2 d,e, 

f 

2.58 
±0.1 c 

2.56 
±0.2 b 

2.88 
±0.4 a 

2.8 ± 0.4 
a 

2.95 
±0.4 a, 

b 

CAL 2.61 
±0.3 
d,e,f 

2.8 ±
0.2 d,e,f 

2.72 
±0.2 d, 

e,f 

4.31 
±1.2 a, 

b,c 

4.03±1.0 
a,b,c 

4.11 
±1.3 a, 

b,c 

BoP (%) 2.78 
±3.5 
d,e,f 

6.29 
±8.1 

5.80 
±4.5 a 

15.34 
±17.3 a 

9.86 
±10.7 a 

21.93 
±24.3 a 

Severity 3.36 
±6.8 
d,e,f 

10.18 
±13.6 

13.00 
±16.9e 

39.56 
±31.9 a 

38.74 
±35.06 a, 

c 

48.13 
±33.5 a 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes 
without periodontitis; DM: diabetes without periodontitis; P: no diabetes with 
periodontitis; PreDMP: prediabetes with periodontitis; DMP: diabetes with 
periodontitis; PD: probing depth; CAL: clinical attachment level; BoP: bleeding 
on probing. Mean ± standard deviation. Statistically significant differences be-
tween groups are indicated by the letters a,b,c,d,e,f. 
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diagnosis of hypertension. However, in this study, we observed that 
most patients have a systolic blood pressure greater than 140 mmHg and 
a diastolic blood pressure below 90 mmHg. According to the literature, 
isolated systolic hypertension occurs when we have this blood pressure 
profile [53]. Systolic blood pressure was significantly higher in the DMP 
group and this is consistent with some studies showing a negative 
change in blood pressure in patients with diabetes and becoming even 
more severe when these patients have periodontitis [5,41,54]. 

Therefore, as we find patients without a diagnosis of diabetes or 
prediabetes, it is possible that, by evaluating more carefully, we can find 
patients with some type of undiagnosed hypertension, especially in 
patients with active periodontitis and poor glycemic control. Further-
more, although we did not find statistical differences between the six 
groups, we observed that all patients were overweight and the DM group 
was already at the obesity threshold, since they all also had a waist 
circumference greater than 94 cm according to the parameters used for 
the evaluation of obesity in the literature [55]. A recent study reports 
that more than 80% of people with prediabetes are overweight or obese 
[50]. 

Taking in account the lipid profile, it is also possible to observe a 
tendency to dyslipidemia in these patients. Several studies highlight the 
importance of these parameters, such as BMI, waist circumference, 
dyslipidemia, and blood pressure, in addition to glycemic analysis, in 
evaluating DM2 or even in its prevention [55]. Therefore, we must 
emphasize the importance of evaluating these clinical and biochemical 
parameters in the first contact with the patient so that attention is not 
diverted to a single aspect. 

Screening to investigate the presence of diabetes or prediabetes in 
dental offices should also be implemented considering the presence of 
periodontitis as one of the risk factors associated with diabetes. Ac-
cording to our study, of the three groups of patients with periodontitis, 
the diabetes group (DMP) had the highest degree of severity of 

Table 6 
Bleeding on probing and smoking.     

BoP (%)    
Ha PreDMb DMc Pd PreDMPe DMPf 

Smokers 2.49 ± 0.98 3.97 ± 3.46 5.3 ± 0.00 24.13 ± 28.00 9.58 ± 8.28 4.75 ± 0.16 
Non-smokers 2.82 ± 3.83d,f 6.92 ± 9.00 5.89 ± 4.97 12.24 ± 11.41a 10.01 ± 12.23 24.79 ± 25.29a 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes without periodontitis; DM: diabetes without periodontitis; P: no diabetes with periodontitis; 
PreDMP: prediabetes with periodontitis; DMP: diabetes with periodontitis. Mean ± standard deviation. Statistically significant differences between groups are 
indicated by the letters a,b,c,d,e,f. 

Table 7 
Microbiological analysis.   

Categories H PreDM DM P PreDMP DMP 

Aa Not detectable 91.7 85.7 71.4* 100.0 100.0 85.7 
Borderline 8.3 7.1 0.0 0.0 0.0 0.0 
Increased 0.0 0.0 0.0 0.0 0.0 7.1* 
High 0.0 0.0 14.3* 0.0 0.0 0.0 
Very High 0.0 7.1 14.3 0.0 0.0 7.1 

Pg Not detectable 45.8 50.0 57.1 25.0 43.5 28.6 
Borderline 16.7 7.1 14.3 4.2 0.0 7.1 
Increased 12.5 21.4 0.0 4.2 4.3 0.0 
High 4.2 0.0 0.0 0.0 8.7 7.1 
Very High 20.8 21.4 28.6 66.7 43.5 57.1 

Tf Not detectable 50.0* 21.4 14.3 8.3 17.4 0.0* 
Borderline 8.3 7.1 14.3 0.0 0.0 7.1 
Increased 16.7 21.4 28.6 16.7 4.3 0.0 
High 0.0* 14.3 28.6 8.3 26.1 21.4 
Very High 25.0* 35.7 14.3 66.7* 52.2 71.4* 

Td Not detectable 45.8 21.4 28.6 12.5 17.4 28.6 
Borderline 12.5 0.0 14.3 4.2 0.0 0.0 
Increased 16.7 21.4 0.0 16.7 4.3 7.1 
High 8.3 28.6 42.9 45.8 43.5 42.9 
Very High 16.7 28.6 14.3 20.8 34.8 21.4 

Pi Not detectable 62.5 50.0 71.4 54.2 56.5 57.1 
Borderline 12.5 21.4 14.3 8.3 4.3 0.0 
Increased 16.7 21.4 14.3 8.3 17.4 21.4 
High 4.2 7.1 0.0 20.8 13.0 14.3 
Very High 4.2 0.0 0.0 8.3 8.7 7.1 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes 
without periodontitis; DM: diabetes without periodontitis; P: no diabetes with 
periodontitis; PreDMP: prediabetes with periodontitis; DMP: diabetes with 
periodontitis; Porphyromonas gingivalis (Pg), Tannerella forsythia (Tf), Treponema 
denticola (Td), Prevotella intermedia (Pi) and Aggregatibacter actino-
mycetemcomitans (Aa). Statistically significant differences between the groups 
are indicated by *. 

Table 8 
Biochemical parameters.   

Ha PreDMb DMc Pd PreDMPe DMPf 

HbA1c (%) 5.37 ± 0.26b,c,e,f 5.91 ± 0.19a,c,d.f 7.40 ± 1.28a,b,d,e 5.31 ± 0.22b,c,e,f 5.93 ± 0.22a,c,d,f 7.34 ± 1.55a,b,d,e 

FPG (mg/dL) 91.57 ± 12.66c,f 106.79 ± 33.4 155.43 ± 68.20a,d,e 90.63 ± 14.72c,f 99.43 ± 15.96c,f 135.64 ± 43.20a,d,e 

Cholesterol (mg/dL) 190.04 ± 39.95 193.93 ± 49.86 188.43 ± 37.95 196.63 ± 42.53 191.30 ± 34.91 193.71 ± 49.12 
Triglycerides (mg/dL) 108.75 ± 51.46 137.43 ± 64.79 167.29 ± 80.34 120.21 ± 59.44 143.00 ± 99.83 180.50 ± 187.50 
HDL(mg/dL) 52.75 ± 15.26 46.71 ± 13.48 40.14 ± 9.65 55.42 ± 14.76 51.57 ± 19.11 50.79 ± 18.09 
LDL(mg/dL) 115.38 ± 32.70 119.50 ± 43.51 118.43 ± 35.82 117.21 ± 34.82 112.78 ± 29.35 99.50 ± 50.52 
VLDL(mg/dL) 21.75 ± 32.70 27.50 ± 43.51 29.00 ± 35.82 23.92 ± 34.82 28.61 ± 29.35 45.64 ± 50.52 
Urea (mg/dL) 35.96 ± 8.19 32.86 ± 6.86 31.14 ± 3.08 31.04 ± 7.54 31.83 ± 8.28 35.46 ± 5.36 
Creatinine (mg/dL) 0.93 ± 0.20 0.86 ± 0.16 0.88 ± 0.13 0.82 ± 0.15 0.82 ± 0.17 0.83 ± 0.16 
Uric acid (mg/dL) 5.57 ± 1.21 5.79 ± 1.08 5.77 ± 0.95 5.69 ± 1.57 5.95 ± 1.38 5.43 ± 1.64 
GPT 25.00 ± 13.99 21.93 ± 10.22 26.14 ± 7.65 27.83 ± 21.96 27.52 ± 17.96 19.79 ± 8.80 
GGT 51.54 ± 62.47 39.64 ± 33.86 28.71 ± 18.80 56.75 ± 82.68 47.55 ± 35.26 44.57 ± 34.88 
Albumin (g/dL) 4.32 ± 0.28 4.36 ± 0.43 4.23 ± 0.43 4.32 ± 0.52 4.38 ± 0.31 4.55 ± 0.21 
Total bilirubin (mg/dL) 0.48 ± 0.19 0.6 ± 0.21 0.44 ± 0.21 0.6 ± 0.24 0.58 ± 0.28 0.47 ± 0.14 
Phosphorus (mg/dL) 3.23 ± 0.91 2.86 ± 0.53 3.19 ± 0.60 2.98 ± 0.46 3.04 ± 0.42 3.08 ± 0.42 
Calcium (mg/dL) 9.23 ± 0.42 9.28 ± 0.48 9.29 ± 0.41 9.35 ± 0.40 9.21 ± 0.45 9.49 ± 0.44 
TSH (mUI/L) 2.55 ± 1.66 1.74 ± 0.74 2.3 ± 0.99 2.4 ± 1.48 2.16 ± 1.48 1.97 ± 0.96 
Cortisol (nmol/L) 85.5 ± 57.76d,e,f 111.2 ± 62.24 119.07 ± 65.07 133.56 ± 59.53a 139.26 ± 53.42a 140.11 ± 54.35a 

Abbreviations: H: no diabetes without periodontitis; PreDM: prediabetes without periodontitis; DM: diabetes without periodontitis; P: no diabetes with periodontitis; 
PreDMP: prediabetes with periodontitis; DMP: diabetes with periodontitis; FPG: fasting plasma glucose; Continuous variables are presented as mean ± SD. Statistically 
significant differences between groups are indicated by the letters a,b,c,d,e,f. 
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periodontitis, a strong positive correlation between HbA1c and PD levels 
greater than or equal to 6, CAL greater than or equal to 5 and the highest 
percentage of BoP zones. This is in line with the literature where BoP in 
periodontitis patients is indicative of the severity of the disease and 
periodontal instability, and people with higher BoP appear to have more 
risk factors [56]. 

However, in smokers, the manifestation of BoP can generally be 
altered, due to the fact that smoking has the ability to cause a decrease in 
the inflammatory response and therefore reduce this sign of inflamma-
tion in patients with periodontitis. [56,57] In this study, we observed 
that the differences between the groups have been significant in 
non-smokers and not in smokers. We can suggest that the BoP may be an 
excellent parameter to assess the state of the current disease only in 
non-smoking patients. 

Regarding the microbiological profiles studied, 
A. actinomycetemcomitans was not detectable in most patients with 
periodontitis, these data agree with the low detection in the Spanish 
population [58], The exception is in DM2, which is observed differently 
in other studies [59]. This result represent A. actinomycetemcomitans 
serotypes with greater virulence for the manifestation of periodontitis 
[60]. However, when we compared their concentration in patients with 
DM2 with and without periodontitis, we had similar results to some 
studies evaluated in a systematic review [61]. Thus, these findings in 
patients with diabetes may also be associated with the fact that 
A. actinomycetemcomitans has been reported as an early colonizer and 
that changes in the immune system may influence its survival [62]. 

The bacteria most prevalent among periodontitis patients was 
T. forsythia, which belongs to the red group that is most associated with 
the manifestation of this disease, while the other bacteria in the red 
complex did not present statistical differences. This is in line with recent 
studies, mainly in patients with DM2 [61,63], while in another study no 
differences were observed in this microbial profile [59]. Regardless of 
statistical significance, we can assume that a dysbiosis profile is estab-
lished that compares the groups with and without periodontitis. 

Many studies have shown how the oral or intestinal microbiota can 
trigger altered metabolic responses and lead to a disease state. [64–69]. 
Furthermore, they also show the connection of this dysbiotic microbiota 
and its influence on the central nervous system (CNS) through the 
hypothalamic-pituitary-adrenal (HPA) axis, focused on the cortisol 
release [69]. It is known that cortisol is directly related to the host́s 
inflammatory response, suppressing its immune response, and its high 
levels also negatively affect blood pressure, glucose levels, and IR 
[70–72]. This feedback induces a dysregulation of this axis that chron-
ically contributes to the maintenance of hyperglycemia, oxidative stress, 
mitochondrial dysfunction, and bone metabolism deterioration [73]. 
According to some authors, dysregulation of the HPA axis may be 
involved in the pathogenesis of diabetes and periodontitis [74]. 

An interesting finding in this study was that patients with peri-
odontitis, especially those with diabetes, had significantly higher serum 
cortisol levels. Furthermore, cortisol was directly associated with HbA1c 
levels in the P group. However, many studies linking the microbiota with 
the CNS are preclinical studies, and caution should be exercised when 
translating the data from these studies into clinical data for humans 
using existing microbiome studies. But we can confirm that the recent 
research trend has focused on the fourth role of the microbiome: guiding 
the maturation and functionality of the host immune system [75]. For 
this reason, it is important to understand how to reverse this dysbiosis in 
these patients, which can positively impact several axes of patient 
metabolism, especially in older and systemically compromised patients. 

In addition to the local and systemic factors linked to these diseases, 
we know that stressors of modern life accompanied by an unhealthy diet 
and inadequate physical activity may also implicate abnormal chronic 
activation of the HPA axis along with increased obesity, in addition to 
perpetuating a chronic systemic pro-inflammatory response. This could 
fuel the development of diabetes, other metabolic diseases, and peri-
odontitis [63,76]. 

Patients with diabetes in this study show a good adaptation to the 
Mediterranean diet, especially patients with DMP, and this may be 
related to the fact that most of these patients already had a diagnosis of 
DM2 and therefore were already aware of the need for dietary changes, 
since this is the first intervention proposed by endocrinologists. 
Improving the diet of patients with diabetes is undoubtedly a funda-
mental approach in their treatment, as it is known that the consumption 
of high refined carbohydrates, saturated fats, and fructose is the main 
responsibility for maintaining the low degree of systemic inflammation 
involved in metabolic disorders [77,78]. 

On the other hand, in patients with prediabetes, those who are 
periodontally healthy have a very good adaptation to the Mediterranean 
diet, while many patients with periodontitis adhere poorly to a healthier 
diet. From the data of prediabetes patients, we can infer that the un-
healthy diet may have helped develop periodontitis in these patients. 
This would be in line with a recent study that stated that a diet was 
associated with a lower extension of CAL [79] and that nutrition is a key 
component of the prevention of periodontitis [78]. 

In addition to diet, physical exercise is also a very important point to 
consider in these patients. In this study, although there are no statisti-
cally significant differences, it is possible to see that most of the patients 
are overweight or obese, and if we look at the average hours of weekly 
exercise, patients with diabetes have the lowest values, especially if we 
consider those with diabetes, prediabetes, and periodontitis. 

Physical exercise, when practiced with the appropriate intensity and 
frequency, has the ability to improve various physiological functions of 
the body, such as improving glycemic control by improving insulin 
sensitivity, the immune-inflammatory response, and can even induce a 
rebalancing of the microbiota [80–83], also it can reduce the chances of 
periodontitis [84]. Based on our data, we can suggest that lack of 
physical exercise may also have had a negative impact on the develop-
ment of periodontitis and poor glycemic control in these patients, 
mainly those of the pre-DMP and DMP groups. 

Older age is one of the strongest risk factors for the development of 
diabetes/prediabetes and other chronic diseases [27,28]. To our 
knowledge, our study is the only one to include patients older than 50 
years. Older people were mentioned to be often underrepresented in 
clinical trials for the treatment or prevention of diabetes and many 
questions remain about the detection, management, and prevention of 
prediabetes in this group of patients. The authors emphasize two ap-
proaches that may not be applicable in the group of older patients and 
patients with prediabetes: weight loss due to an increased possibility of 
bone demineralization and risk of fracture, and the use of hypoglycemic 
drugs, which would be questionable given that these patients are already 
elderly and cannot be exposed for a long time to the hyperglycemic 
condition in a way that leads to complications [51]. 

Taking these data into account, we can say that the detection and 
counseling of diabetes risk should always be in the pragmatic context of 
patient comorbidities, and this should begin at age 35, and patients with 
negative results should be retested every 3 years [11]. Additionally, 
asymptomatic adults with DM2 and / or prediabetes should be tested for 
DM2 and / or prediabetes when they are overweight or obese along with 
other risk factors such as hypertension (≥140 / 90 mmHg or in treat-
ment for hypertension), HDL (<35 mg/dL) and triglycerides (>250 
mg/dL), and physical inactivity [11]. These parameters were evaluated 
in our study, the vast majority of our patients had a BMI ≥26 and blood 
pressure values very close to what they considered limit, although we 
did not find mean values close to the stipulated lipid parameters, 
perhaps due to the high adequacy to the Mediterranean diet in all 
groups. 

According to a recent study, some degree of regression can be expected in 
populations receiving lifestyle interventions to mitigate the risk of prediabetes, 
with a 28% to 58% reduction in the risk of developing diabetes through 
lifestyle modifications, diet, and exercise practice that resulted in weight loss 
[50]. In addition, the patient must change his behavior as a passive 
recipient of care towards care focused on their collaboration for a 
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change in his lifestyle and commitment to treatment [85]. 
Data show that only one-third of people with prediabetes have 

received diet or exercise advice from their health care providers [86]. 
Possible explanations for this behavior, in addition to the lack of defined 
consensus, can include lack of knowledge of the possible effect of in-
terventions to reduce the risk of diabetes, lack of access to nutritional 
and exercise counseling providers, and inertia therapy [87]. Therefore, 
it is very important to emphasize the need for a detailed evaluation to 
determine the patient profile we are dealing with, as the global obesity 
epidemic and the global increase in the global prevalence of prediabetes 
are of great concern, and this does not bode well for future prospects for 
diabetes and its complications worldwide [51]. 

Furthermore, it is possible to observe that most of the scientific ev-
idence within the medical class still does not recognize the importance 
of multidisciplinary care for this patient profile together with dentists. It 
is important to emphasize more and more the association of these 
comorbidities with periodontitis and how it is not possible to approach 
these patients unilaterally. 

This study is limited to the analyze of male patients older than 50 
years restricted to a university dental clinic, and therefore these results 
should not be generalized to the entire community. We chose to use a 
sample with only male patients, because we believe that it is the best 
way to study risk factors, to eliminate any bias associated with possible 
different metabolic responses associated with gender. In recent decades, 
some studies have shown that endogenous sex hormones can differen-
tially modulate glycemic status and risk in men and women [88,89]. 

Low testosterone levels in men are associated with an increased risk 
of developing DM2, while higher levels are needed in women to predict 
an increased risk of diabetes [88,90]. Furthermore, testosterone in men 
is directly associated with high HDL levels and is inversely associated 
with BMI and waist circumference [88]. We still do not know what the 
real effect of these hormones is on glycemic control and the development 
of DM2, but in a recent study, serum estradiol was positively and 
independently correlated with HbA1c levels in men, while testosterone 
showed no correlation [89]. 

In another study, the authors suggest that the incidence of hyper-
tension is higher in women compared to men among participants with 
better glycemic control, but higher in men compared to women among 
those with worse glycemic control [90]. In addition to structural dif-
ferences, environmental and developmental stressors can elicit a 
distinctive physiological response by sex [90]. The biological mecha-
nisms responsible for the sex-related differences observed in cardio-
vascular aging are unraveling in recent decades [27] and there is 
evidence of how diabetes can influence the propensity of patients to 
develop cardiovascular complications, with women being the group at 
highest risk [91]. 

Evaluation of the limited microbiological profile of a few pathogens 
could be considered a limitation in our study. However, it is currently 
known that there is no specific microbiota in the biofilm, and its 
composition varies depending not only on the patient’s health status but 
also on their exposure to various secondary factors related to the envi-
ronment in which they live, habits, and psychosocial conditions [92]. 
Perhaps for this reason, our analysis did not show a characteristic profile 
for each group, although it agrees with the literature showing a higher 
number of pathogens in the red group and a reduced amount of 
A. actinomycetemcomitans in patients with periodontitis [61,93,94]. 

Furthermore, some parameters such as CRP levels, vitamin D, and 
inflammatory markers are not addressed in this study, and we suggest 
that they should be included in future studies in search of more detail of 
the patient’s immunological profile. In general, it is possible to observe 
that there are still many questions about microbiological and metabolic 
parameters and the influence of secondary factors such as negative 
habits and the environment in which the individual lives. However, the 
importance of performing a complete evaluation of the patient in the 
dental office is indisputable [43], mainly in elderly patients, not only to 
investigate possible diseases in their initial stage or those that already 

appear silently, such as diabetes, but also to better target the treatment 
for each patient in a personalized way. 

5. Conclusions 

In the population studied, the prevalence of patients without a 
diagnosis of diabetes and prediabetes is very high and underestimated, 
especially considering the condition of prediabetes in elderly patients. 
The increased severity of periodontitis in patients with diabetes, along 
with the high level of cortisol seen in patients with periodontitis, mainly 
those with diabetes, emphasize the dysregulation of the immunoin-
flammatory system in these patients. All red complex bacteria were 
more prevalent in patients with periodontitis; however, only T. forsythia 
had a marked difference in relation to normoglycemic patients. How-
ever, the prevalence of A. actinomycetemcomitans was the most striking, 
since it was practically absent in periodontitis groups, except for the 
group with diabetes, which may be related to its altered immune system. 
Perhaps the diet profile and lack of physical exercise had an influence on 
the predisposition of some patients to develop periodontitis when we 
evaluated the patient’s lifestyle in this study. 
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