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A B S T R A C T

Introduction: Diabetes mellitus (DM) is a risk factor for periodontitis for over 40 years and novel evidence
suggests that periodontitis has an impact on glycemic control in patients with diabetes. This study aimed to
compare oral health complications in diabetic older patients from Brazil and France.
Methods: This cross-sectional study included 120 patients aged 65 and over diagnosed with type 2 diabetes. Sixty
patients were admitted to a center for diabetes and hypertension care in Brazil and 60 patients were admitted to
the Rouen University hospital. Dental conditions were assessed through the decayed, missing and filled teeth
index and periodontal condition was assessed using the Community Periodontal Index. The significance
threshold was p < 0.05.
Results: Decayed teeth differed statistically between the groups (p= 0.001). The French group presented more
tooth mobility, gingival recession and furcation involvement (p < 0.001). Tooth brushing frequency differed
significantly between the groups (p < 0.030). The main cause of missing teeth was periodontitis in the French
group and caries and periodontitis in the Brazilian group (p < 0.001). Statistical significance was found for use
of fixed upper (p= 0.013) and lower (p=0.013) dentures in the French group. The French group needed upper
denture rehabilitation (p= 0.010) while the Brazilian group needed lower denture rehabilitation (p=0.003).
Conclusion: Edentulism was prevalent in diabetic older people in both countries. However, the French partici-
pants presented with better oral health.

1. Introduction

The world’s older population continues to grow, and the proportions
of older people increase in many countries every year. This includes a
large number of countries, regardless of their level of development
(United Nations, 2015). This phenomenon has been linked to reasons
such as economic evaluation and better educational situations and their
impact on health care (Dang, Likhar, & Alok, 2016; Kinge et al., 2015).

The ultimate concern of the present time is not with living longer,
but with the quality of such longevity. Aging with quality of life re-
quires the adoption of a healthy lifestyle to prevent the early onset of
certain chronic diseases (Marques, Schneider, & D’orsi, 2016). How-
ever, it is known that the longer the life of an individual, the greater the
chances of developing chronic diseases that affect their functional ca-
pacity and generate associated comorbidities (Palma et al., 2014).

The majority of the studies (21/28) analyzed in a systematic review
reported that more than half of people with diabetes were unaware of
the link between diabetes and oral health and their increased risk for
oral health complications (Poudel et al., 2018).

Thus, the established link between diabetes and oral health calls for
increased effort to study ways to control both diseases, particularly
among populations with health disparities and limited access to oral
and health care (Leite, Marlow, Fernandes, & Hermayer, 2013).

Diabetes mellitus (DM) is one of the most common aging-associated
chronic diseases affecting the adult population worldwide. According to
the World Health Organization Global Report on Diabetes, the esti-
mated prevalence of adults with DM was 8.3% in the Americas and
7.3% in Europe in 2014. In addition, the report revealed that circa 422
million people had diabetes in 2014 (World Health Organization,
2016).
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DM is traditionally recognized as a risk factor for macrovascular
complications (coronary heart disease, cerebrovascular disease and
peripheral vascular disease), microvascular complications (retinopathy,
nephropathy and neuropathy), and, in the older population, geriatric
syndromes including impairment of multiple physiologic systems that
can lead to functional disability, frailty, falls, depression, dementia, and
incontinence (Corriere, Rooparinesingh, & Kalyani, 2013).

Oral cavity is also affected by DM through different mechanisms.
The main oral disease associated with diabetes is periodontitis
(Bascones-Martínez, Arias-Herrera, Criado-Cámara, Bascones-Ilundáin,
& Bascones-Ilundáin, 2012). Periodontitis is the inflammation of the
gingiva and the adjacent attachment apparatus caused by specific types
of bacteria and is characterized by loss of clinical attachment due to
destruction of the periodontal ligament and its adjacent alveolar bone
(American Academy of Periodontology, 2000). This complication is one
of the main causes of tooth loss. Over the last 30 years, extensive studies
have associated periodontitis with coronary artery disease (Orlandi
et al., 2014), premature and low birth weight babies (Basha, Shivalinga
Swamy, & Noor Mohamed, 2015), and nosocomial pneumonias (Souto,
Silva-Boghossian, & Colombo, 2014).

DM has been recognized as a risk factor for periodontitis for over 40
years and novel evidence suggests that periodontitis has an impact on
glycemic control in patients with diabetes (Costa et al., 2017). In ad-
dition to periodontitis, diabetic patients may present a decrease in
salivary flow, xerostomia, and mucosal lesions (Takeuchi et al., 2015;
World Health Organization, 2013).

The present study aimed to compare oral health complications in
diabetic older patients from Brazil (Fortaleza Hospital, Ceará, Brazil)
and France (Rouen University Hospital, Normandy, France).

2. Methods and materials

The study was approved by the Ethics Committee of the University
of Fortaleza under Approval No. 788.534. All the procedures performed
in the present study involving human participants were in accordance
with the ethical standards of the national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable
ethical standards. Informed consent was obtained from all individual
participants included in the study.

This quantitative cross-sectional study included 120 patients aged
65 and over, of both genders (women – 50%), who had been diagnosed
with type 2 diabetes for at least one year. Sixty patients were enrolled
for treatment at the Integrated Center for Diabetes and Hypertension of
Ceará (CIHD), a center of excellence and reference in the care of pa-
tients with hypertension and diabetes in the city of Fortaleza, Ceará,
Northeastern Brazil. The other 60 patients were consecutively recruited
from the Department if Internal and Geriatric Medicine of the Rouen
University hospital.

Sociodemographic data (gender, profession, marital status, educa-
tion, employment status, household income, tobacco use, and social
security) were collected in addition to specific information. Dental
conditions were assessed through the decayed, missing and filled teeth
index (DMFT index). The score range 0–32 was used to determine
dental conditions.18 Functional tooth units and cause of missing teeth
were also investigated. Use of complete upper and lower dentures, use
of removable upper and lower dentures, use of fixed upper and lower
dentures, need for upper and lower prosthetic rehabilitation, frequency
of denture cleaning, and frequency of tooth brushing were also as-
sessed.

Examination of periodontal condition was carried out using the
Community Periodontal Index (CPI), an indicator recommended by the
World Health Organization. CPI assessment was carried out using a
periodontal probe with a ball tip of 0.5 mm, with a black band between
3.5 mm and 5.5mm, as well as black rings at 8.5 mm and 11.5mm. Six
registrations were made, one for each sextant, indicating the highest
score in the appropriate field using the codes: 0- healthy sextant; 1-

sextant with bleeding; 2- calculus; 3- pocket from 4 to 5mm (gingival
margin in the black area of the probe); 4- pocket of 6mm or more
(black area of the probe is not visible); X- excluded sextant (less than
two teeth).18 Asterisk is used when there is mobility, gingival recession,
and furcation involvement.

All the data were collected by four examiners (two from France and
two from Brazil) who received extensive training in Brazil and were
accompanied by other trained personnel at all times to ensure accuracy
and consistency in data collection.

The data were tabulated and statistical calculations were performed
using the Statistical Package for the Social Sciences (SPSS), version 22.0
(SPSS Inc., Chicago, USA). The older patients with diabetes from
Fortaleza and Rouen were compared using the Chi-squared test and the
Fisher’s exact test for categorical variables and the Mann-Whitney test
for numerical variables. The significance threshold was set at p< .05.

3. Results

Participants’ mean age was 77.1 ± 7.9 years (73.8 ± 6.4 in the
Brazilian group and 80.4 ± 7.9 in the French group). The French
group was significantly older (Table 1). The percentages of patients
who received insulin did not differ between the 2 groups (around 73%).

The mean number of teeth was 9.0 ± 8.5: 7.5 ± 8.4 in the
Brazilian group and 10.6 ± 8.7 in the French group (p= 0.047). Only
the parameter decayed teeth differed statistically between the French
group and the Brazilian group (p=0.001). With regard to the number
of existing teeth, the French participants had more teeth (p= 0.047)
and more teeth in the maxillary jaw than the Brazilian participants
(p= 0.010) (Table 2).

The CPI results showed a worse periodontal condition in the French
group compared to the Brazilian group. The French group presented
with more periodontal pockets (CPI 3 and 4) compared to the Brazilian
group. The latter presented a predominance of local plaque retentive
factors such as calculus (CPI 2). The number of missing teeth was high
in almost all sextants, except in the 5th sextant in both countries. The
French participants presented more tooth mobility, gingival recession
and furcation involvement than the Brazilian participants (p < 0.001)
(Table 3).

The tooth brushing frequency among older adults from Fortaleza
was significantly different from that among older adults from Rouen
(p < 0.030). The main cause of missing teeth was periodontitis in the
French group and caries and periodontitis in the Brazilian group
(p < 0.001) (Table 4).

With regard to the prosthetic status and the need for prosthetic

Table 1
Distribution of socioeconomic parameters of diabetic elderly according to place
of origin.

Variables Fortaleza
n= 60

Rouen
n=60

PR (95%CI) p- value

Gender
Female 30 (50) 30 (50) 1 (0.7–1.43) 1.000a

Male 30 (50) 30 (50) 1

Age groups
65–74 years 34 (56.7) 15 (25.0) 6.01

(2.04–17.72)
<0.001

75–84 years 23 (38.3) 22 (36.7) 4.43
(1.47–13.33)

85 or older 3 (5.0) 23 (38.3) 1

Level of Education
Illiterate 10 (16.7) 2 (3.3) 1.25 (0.74–2.12) 0.054b

Primary 38 (63.3) 48 (80.0) 0.66 (0.39–1.11)
Secondary 6 (10.0) 7 (11.7) 0.69 (0.33–1.46)
Higher education 6 (10.0) 3 (5.0) 1

a Chi-square test.
b Fisher’s exact test.
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rehabilitation in the older adults analyzed, statistical significance was
found for use of fixed upper (p=0.013) and lower (p= 0.013) den-
tures in the French group. On the other hand, the Brazilian group
presented with statistical significance for use of complete upper denture
(p=0.028). The French group needed upper denture rehabilitation
(p=0.010), while the Brazilian group needed lower denture re-
habilitation (p=0.003) (Table 5).

4. Discussion

DM is one of the major chronic diseases affecting older people and
one of the most important epidemic diseases of this century. According
to the International Diabetes Federation, the prevalence of DM among
adults in France is 7.4%. In that country, DM is one of 30 chronic
diseases fully covered by the statutory health insurance (SHI) based on
the French “ALD” (affections de longue durée) scheme (Chevreul,
Brigham, & Bouché, 2014). In Brazil, 10.3% of the population is esti-
mated to have diabetes – the country ranks 4th in disease prevalence
and has an estimated 13.4 million diabetic inhabitants. It is estimated
that the number of Brazilians over 65 years old with diabetes exceeds
20% of the population (Mendes et al., 2011). In older people, diabetes
has been associated with major geriatric syndromes and increased risk
of premature death (Prado, Francisco, & Barros, 2016; Telo et al.,
2016). The analysis of the health care of older diabetic patients now
consider both diabetic and geriatric parameters, but rarely the oral
health status (Doucet, Le Floch, Bauduceau, & Verny, 2012).

The comparative analysis of the oral health complications in
Brazilian and French older people with diabetes mellitus (DM) is a
highlight of the present study, which analyzes variables related to the
social and epidemiological aspects of the two countries.

Diabetes has been recognized for its impact on oral health. The
disease has been associated with xerostomia and oral candidiasis.
However, periodontitis is the most common pathology associated with
DM, which has been recognized as one of its risk factors (Yamashita,
Moura-Grec, Capelari, Sales-Peres, & Sales-Peres, 2013). In addition,
individuals affected by diabetes show a deterioration of glycemic con-
trol if also affected by periodontitis and significantly higher prevalence

Table 2
Distribution of the DMFT index and mean of teeth present in older people with
diabetes according to place of origin.

DMFT Fortaleza Rouen Total p-value

Decayed 0.5 ± 1.2 1.7 ± 2.9 1.1 ± 2.3 0.001
Missed 24.2 ± 8.1 21.3 ± 8.7 22.8 ± 8.5 0.065
Filled 2.6 ± 3.8 3.1 ± 4.1 2.8 ± 3.9 0.317
General Index 27.1 ± 5.4 25.8 ± 6 26.5 ± 5.7 0.234

Teeth Fortaleza Rouen Total p-value

Maxillary jaw 2.7 ± 4.3 4.6 ± 4.4 3.6 ± 4.4 0.010
Mandibular jaw 4.8 ± 4.5 6.0 ± 5.1 5.4 ± 4.8 0.170
Total 7.5 ± 8.0 10.6 ± 8.7 8.7 ± 8.5 0.047

Mann-Whitney Test.

Table 3
Distribution of the CPI Index in older people with diabetes according to place of origin.

Sextant Place CPI p-value

0 1 2 3 4 Missing

1th Fortaleza 3.3 5.0 25.0 1.7 1.7 63.3 0.090a

Rouen 0.0 0.0 10.0 11.7 6.7 71.7

2nd Fortaleza 1.7 13.3 15.0 3.3 0.0 66.7 0.076a

Rouen 10.0 5.0 13.3 23.3 5.0 43.3

3rd Fortaleza 1.7 1.7 23.3 6.7 1.7 65.0 0.284a

Rouen 0.0 1.7 3.3 25.0 1.7 68.3

4th Fortaleza 6.7 10.0 26.7 3.3 0.0 53.3 0.084a

Rouen 5.0 0.0 11.7 20.0 3.3 60,0

5th Fortaleza 8.3 8.3 43.3 3.3 0.0 36.7 0.069a

Rouen 3.3 0.0 33.3 20.0 8.3 35.0

6th Fortaleza 6.7 6.7 31.7 0.0 0.0 55.0 0.113a

Rouen 5.0 1.7 8.3 21.7 3.3 60.0

Asterisk Fortaleza Rouen PR (95%CI) <0.001b

Yes 21 (35.0) 40 (66.7) 052 (0.35–0.77)
No 39 (65.0) 20 (33.3) 1

a Mann-Whitney Test.
b Chi-square test.

Table 4
Distribution of functional dental units, cause of missing teeth, tooth brushing
frequency, denture brushing frequency and tobacco use in older people with
diabetes according to place of origin.

Variables Fortaleza
n= 60; %

Rouen
n=60; %

PR (95%CI) p-value

Functional dental units
0 42 (70.0) 30 (50.0) 175 (1.04–

2.95)
0.057a

< 4 7 (11.7) 8 (13.3) 1,4
(0.68–2.89)

> 4 11 (18.3) 22 (36.7) 1

Cause of missing teeth
Caries 30 (50.0) 23 (38.3) 623 (1.63–

23.83)
<0.001a

Both (caries and
periodontitis)

28 (46.7) 17 (28.3) 684 (1.79–
26.16)

Periodontitis 2 (3.3) 20 (33.3) 1

Tooth brushing frequency
Once a Day 38 (100.0) 38 (84.4) – <0.030b

Once a week – 4 (8.9) –
Never – 3 (6.7) –

Denture brushing frequency
Once a Day 53 (100.0) 34 (97.1) – 0.398b

Once a week – 1 (2.9) –

Tobacco use
Never smoked 39 (65) 32 (53.3) – 0.063b

Ex-smoker 21 (35) 23 (38.3) –
Smoker – 5 (8.4) –

a Chi-square test.
b Fisher’s exact test.
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of diabetes-related complications (Graziani, Gennai, Solini, & Petrini,
2018).

Over the past years, studies have demonstrated a bidirectional re-
lationship between DM and periodontitis, i.e., the hypothesis that dia-
betic people with periodontitis have a worse glycemic control has been
tested (Casanova, Hughes, & Preshaw, 2014). Periodontitis is one of the
leading causes of tooth loss in older people. Considering that aging is
also a risk factor for periodontitis, the group assessed in the present
study was at an increased risk of presenting a worse condition and a
higher possibility of tooth loss (Nattoa, Aladmawya, Alasqaha, &
Papasc, 2014). However, it should be considered that the French group
– despite having an older mean age – presented a significant reduction
in tooth loss in the maxillary jaw (p=0.010). This implies greater
possibility of periodontal disease.

The Brazilian respondents reported having lost teeth mostly due to
caries while the French participants claimed to have lost teeth mostly
due to periodontitis or the association of the two pathologies
(p < 0.001). Tooth loss due to dental caries usually occurs in younger
people. On the other hand, tooth loss due to periodontal disease occurs,
preferably, among older people. Such a situation may be associated
with differences in the dental health care between the two countries.

With regard to people aged 65 or older, the Brazilians in this age
group had less access to dental treatments. The country could only
experience a more effective oral health program with the inclusion of
the oral health team in the Family Health Strategy in 2000 and the
creation of the Dental Specialties Centers by the National Oral Health
Policy – Smiling Brazil Project – in 2004. All these programs are linked
to Brazil’s National Health Care System, also known as the Unified
Health System (Sistema Único de Saúde – SUS) (Antunes & Narvai,
2010).

In contrast, access to dental treatment provided by France’s public
health system has existed for decades, which explains the low number
of missing teeth assessed through the DMFT index. However,

improvements in Brazil’s public health system can be observed through
the significantly lower number of decayed teeth found in the Brazilian
older people with diabetes (p= 0.001); these people have access to
dental treatment in the health care center where they receive diabetes
treatment (Table 2).

Tooth loss should not be considered a result of the most prevalent
oral diseases – caries and periodontal disease – only, but also a con-
sequence of a person’s oral health care throughout life and a reflection
of socioeconomic and cultural factors (Souza et al., 2016). Brazil’s
economic development over the last two decades and more effective
preventive actions such as water fluoridation and the presence of
fluoride in almost all types of dentifrice have improved the oral health
conditions of the population (Leitão et al., 2012). Thus, the Brazilian
older people were more vulnerable to tooth loss.

Dental calculus was higher in Brazilians when compared to the
French participants. The latter presented more periodontal pockets and
statistical significance (p < 0.001) for the presence of tooth mobility,
gingival recession and furcation involvement assessed through the CPI
index.

The aggravation of periodontitis – an infectious disease – can be
prevented through dental plaque control. The French participants pre-
sented a significantly lower frequency of tooth brushing (p < 0.030).
This situation may also be associated with aging. Older people are more
likely to present more functional problems, which can lead to greater
dependence in activities of daily living, including body hygiene activ-
ities (Colón-Emeric, Whitson, Pavon, & Hoenig, 2013; Saintrain et al.,
2018).

The rehabilitation of edentulous people through the Smiling Brazil
Project – considered the largest oral health program in the world –
allowed many to have access complete dentures, which explains the
significantly higher number of complete upper dentures found in
Brazilian older people (p=0.028) in the present study. An increased
need for lower denture was also found among Brazilians (p= 0.003)
and is line with studies carried out in the country (Leitão et al., 2012;
Mesas, Andrade, & Cabrera, 2006). Such a situation may occur due to
retention and adaptation problems related to complete lower dentures,
which lead older people to abandon their use (Souza et al., 2016).

The findings show that the French participants had more teeth and,
significantly, more fixed dentures (p=0.013). This is probably because
of their easier access to oral health care due to better economic issues
and an effective oral health system that has been running on for a long
time.

The significant differences found between older age groups points to
an increased life expectancy in France of 83 years (79 years for men and
86 for women) (World Health Organization Regional Office for Europe,
2017). In Brazil, life expectancy is 75 years (71 for men and 79 for
women). Although much smaller than in France, the growth in the
number of older people aged 65 and over in Brazil has almost doubled
in 20 years – 4.8% in 1991, 5.9% in 2000, and 7.4% in 2010 (Duarte &
Barreto, 2012; World Health Organization Website, 2017).

According to estimates from WHO, France spends 12% of its Gross
Domestic Product (GDP) on health while Brazil’s total expenditure is
8.3% of its GDP (Mesas et al., 2006; World Health Organization
Regional Office for Europe, 2017). The amount each country invests in
its health system is of the utmost importance for the well-being of the
population. Brazil is a continental and complex country that has un-
dergone an abrupt epidemiological change. While France waited 115
years to see its older population double (from 7.0% to 14.0%), Brazil
took only 40 years to see the same change (from 5.1% to 10.8%).
France has, historically, one of the most efficient public health systems
in the world, which has already been considered the best public health
system in the world by WHO (World Health Organization, 2000).
However, regardless of the level of development of each country, the
fact that people are increasingly aging stands out as a warning to
governments about the health burden and social security of this po-
pulation.

Table 5
Distribution of denture use and need for denture rehabilitation in older people
with diabetes according to place of origin.

Variables Fortaleza n= 60 Rouen n=60 RP (IC 95%) Valor p

Upper TP
Yes 34 (56.7) 22 (36.7) 1.49 (1.04–2.15) 0.028a

No 26 (43.3) 38 (63.3) 1

Upper RP
Yes 16 (26.7) 12 (20) 1.19 (0.81–1.76) 0.388a

No 44 (73.3) 48 (80) 1

Upper FP
Yes – 7 (11.7) – 0.013b

No 60 (100) 53 (88.3) –

Need for upper denture rehabilitation
Yes 8 (13.3) 20 (33.3) 0.51 (0.27–0.93) 0.010a

No 52 (86.7) 40 (66.7) 1

Lower TP
Yes 11 (18.3) 13 (21.7) 0.9 (0.56–1.45) 0.648a

No 49 (81.7) 47 (78.3) 1

Lower RP
Yes 11 (18.3) 13 (21.7) 0.9 (0.56–1.45) 0.648a

No 49 (81.7) 47 (78.3) 1

Lower FP
Yes – 7 (11.7) – 0.013b

No 60 (100) 53 (88.3) –

Need for lower denture rehabilitation
Yes 38 (63.3) 22 (36.7) 1.73 (1.18–2.54) 0.003a

No 22 (36.7) 38 (63.3) 1

TP (total prosthesis); RP (removable prosthesis); FP (fixed prosthesis).
a Chi-square test.
b Fisher’s exact test.
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Differences in education level should be highlighted. Brazils stands
out for a higher percentage of illiterate older people (16.7% versus
3.3%) and a lower percentage of older people with elementary educa-
tion (63.3% versus 80.0%) compared to France. A person’s education
level has a direct impact on health care and is one of the factors that
determine the onset of diseases (Zimmerman, Woolf, & Haley, 2015).
The vast majority of reports and surveys conclude that people with
higher levels of education are healthier and live longer (Baker, Leon,
Greenaway, Collins, & Movit, 2011).

The demographic transition, triggered by different factors such as
decreased fertility and mortality rates and, especially, improved living
conditions, has led to the replacement of infectious diseases by chronic
and degenerative diseases – such as DM – as major causes of death. In
this context, variables such as age, systemic health and education are
key to understanding the trends in the oral health status of older people
with DM between the two populations, since they are determining
factors.

Because the examinations related to the present research coincided
with the same period of medical appointments, many older people
feared missing their consultations. Although this strategy was adopted
to facilitate access to research, both the Brazilian and French older
people presented difficulties in adhering to the examinations. In addi-
tion, the difficulties in performing oral examinations in older people
resulted in a small sample, which can be considered a limitation of the
present study. However, the methodological rigor adopted in the re-
search allowed to assess oral health complications in older people with
DM, highlighting the importance of attitudes towards oral health po-
licies in both countries.

Further research could be benefit from the valuable exchange of
knowledge which can lead to successful interventions and feasible
strategies to promote better access to health care, particularly oral
health care, by older adults with chronic diseases.

5. Conclusion

The main oral health complication associated with diabetes mellitus
in older people in both countries was edentulism. However, the French
participants – despite being older – presented with better oral health
than their Brazilian peers. The French presented greater number of
teeth and greater rehabilitation with the use of dentures. Such a si-
tuation may be a result of a public health system that has been inter-
nationally recognized as one of the best in the world. The different
aspects shared by both countries, demonstrated by equality in oral
conditions, reflect a progress in oral health care in Brazil, especially
over the last 15 years.
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