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Abstract

To evaluate periodontal health and oral health behaviors in a cohort of subjects with
type 1 diabetes (T1D), 50 persons with T1D (30 males and 20 females; mean age:
35.2 years) were recruited from the Diabetology Unit of the Geneva University Hos-
pitals; 50 nondiabetic persons matched for gender, age, and smoking status com-
prised the control group. We assessed periodontal health using the gingival index
(Gl), plaque index, probing depth (PD), bleeding on probing (BOP), and clinical attach-
ment level (CAL) and recorded self-reported attitudes and behaviors regarding dental
care. The two groups were compared using conditional logistic regression. With
respect to the mean PD, CAL, and the mean number of sites with PD >4 mm that bled
upon probing, there were no significant differences between the groups. However,
subjects with diabetes had significantly more plaque and gingival inflammation and
presented more sites with BOP compared with control subjects. Further analysis of
the subjects in younger (<40 years) and older (>40 years) cohorts revealed a marked
difference in Gl between younger healthy and controls, which was also present in
older patients and controls but much reduced in magnitude and significance. This
marked difference in the gingival health of young versus old diabetic patients to
matched controls may provide diagnostic advantages and screening and prevention
opportunities to exploit. In spite of similar self-reported oral hygiene habits and fre-
quency of dental visits, patients with T1D presented more plague and more inflamma-
tion than healthy controls, particularly in the younger subjects. Gingivitis in young
T1D patients may be an early indicator for more complicated diabetes and periodon-
titis in the future. Thus, patients with T1D mellitus should be screened for signs of
periodontal disease early and should be motivated and instructed in good oral

hygiene practices.
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1 | INTRODUCTION

Gingivitis and periodontitis are chronic inflammatory diseases that
affect the supporting tissues of the teeth. Although induced by the
presence of bacterial biofilms on the teeth (Sanz et al., 2017), other
factors, such as tobacco smoking, drugs, immunodeficiency, and vari-
ous systemic diseases, are known to influence their pathogenesis. Dia-
betes mellitus (DM) is an established factor with a significant impact
on prevalence, severity, and progression of periodontitis (Atieh,
Faggion, & Seymour, 2014; Mealey & Oates, 2006; Taylor &
Borgnakke, 2008). Two types of diabetes are recognized: Type 1 dia-
betes (T1D) results from the autoimmune destruction of the insulin-
producing pancreatic islet cells leading to loss of insulin production;
type 2 diabetes (T2D) results from resistance to insulin and relative
lack of insulin. In both cases, chronic hyperglycemia is established,
which in turn enhances oxidative stress in periodontal tissues,
dysregulates cytokine production, and promotes inflammation via the
systemic accumulation of advanced glycation end products (AGEs).
AGEs induce an increased expression of cell surface receptors for
AGE leading to a more pronounced cell stress (Abbass, Korany,
Salama, Dmytryk, & Safiejko-Mroczka, 2012; Lalla, Lamster, Drury,
Fu, & Schmidt, 2000). The presence of pathogenic bacteria further
enhances cell stress (Chapple & Genco, 2013).

A bidirectional relationship betweenT2D and periodontitis has been
documented in several studies: Not only does diabetes adversely affect
periodontal conditions but periodontitis, especially the severe form,
also adversely affects the glycemic control in diabetic patients
(Chavarry, Vettore, Sansone, & Sheiham, 2009; Lalla & Papapanou,
2011). Significantly less studies have focused on the association
between periodontal health and T1D. It comprises 5-10% of the dia-
betic subjects with a rise in prevalence of more than 1.4% each year
in the western world (Mayer-Davis et al., 2018). The diagnosis is usually
established at a young age, although recent epidemiological studies
have shown that T1D can onset also in adults and even at advanced
age (Mayer-Davis et al., 2018). A systematic review reported poorer
periodontal conditions in children with T1D, as compared with system-
ically healthy children, notably with regards to greater plaque accumu-
lation and higher levels of inflammation (Ismail, McGrath, & Yiu, 2015).
For caries experience, the evidence was inconclusive. A population-
based prospective cohort study in East Germany examined the influ-
ence of T1D and T2D on periodontal disease progression over 5 years
(Demmer et al., 2012). T1D subjects were from 20 to 81 years of age.
The authors reported a direct influence of uncontrolled diabetic status
on progression of attachment loss for both disease types.

The prognostic value of various clinical parameters to indicate dis-
ease progression has been evaluated in clinical studies (Gonzalez et al.,
2015; Lang, Schatzle, & Loe, 2009; Schatzle et al., 2003). Among
these, bleeding on probing (BOP) has been associated to higher risk
for future attachment loss: Sites that repeatedly bled on probing had
a significantly higher risk for attachment loss compared with sites with
no BOP (Schatzle et al., 2003). These studies showed that periodonti-
tis only occurs in areas of long-standing gingivitis, suggesting that gin-
givitis is an obligatory precursor of periodontitis.
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The accumulation of bacterial biofilms in T1D subjects may lead to
more severe gingivitis, which in turn may increase the risk to develop
periodontitis. In the present case-control study, we assessed the peri-
odontal conditions and oral health behaviors of a cohort of subjects
with T1D and compared them with those of a group of age- and
gender-matched nondiabetic individuals. In the T1D group, we further
analyzed the impact of diabetes-related factors, such as the duration
of the diabetes and the number of complications on the periodontal

conditions.

2 | MATERIAL AND METHODS

2.1 | Study design

This was a single-center, cross-sectional study. The Ethical Committee
of the University Hospitals of Geneva, Geneva, Switzerland, approved
the protocol. All participants gave written informed consent. From July
2016 to July 2018, 72 individuals with T1D were contacted from the
patient cohort of the Diabetology Unit of the Geneva University Hos-
pitals. Among these, 50 subjects, aged between 18 and 85 years,
agreed to have dental examination for the purpose of the present
study. For the remaining 22 subjects, the main reason for refusal
was the long distance to the dental clinic. For inclusion, subjects had
to be diagnosed with T1D for more than 1 year and have at least 10
natural remaining teeth. Subjects with a history of systemic disease
such as cancer, HIV, bone metabolic disease, disorders that compro-
mise wound healing, history of radiation, or
immunosuppressive/modulating therapy were excluded, as well as
those who had taken antibiotics in the previous 3 months or NSAIDs
in the previous 2 months. Fifty periodontally healthy controls matched
for age, sex, and smoking status were recruited among patients
attending the School of Dental Medicine of the University of Geneva.
The matching for smoking was achieved by the self-reported smoking
habits (number of cigarettes per day and number of years) from the

participants.

2.2 | Medical visit

During a routine medical visit at the Diabetology Clinic, data
concerning the date of diagnosis, presence of specific antibodies
related to T1D, mean glycated hemoglobin in the past 3 years, body
mass index, number of diabetes complications (retinopathy, nephropa-
thy, neuropathy, and macrovascular complications), kind of glucose
monitoring (self-monitoring blood glucose or continuous glucose mon-
itoring system or flash glucose monitoring), and insulin route of admin-
istration (insulin pump or multiple daily injections) were collected.

In addition, in a subsample of 28 patients, electrochemical skin
conductance (ESC) was measured by Sudoscan, a noninvasive tool
for detecting diabetic small fiber neuropathy. ESC values are
expressed in microSiemens (uS) and registered with plate electrodes
placed on the subject's hands and feet, to measure sweat gland func-
tion (Casellini, Parson, Richardson, Nevoret, & Vinik, 2013). An ESC
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value of >60 uS corresponds to no dysfunction, 60-40 us corresponds

to moderate dysfunction, and <40 uS to severe dysfunction.

2.3 | Periodontal examination

Before the periodontal examination, information regarding dental his-
tory was obtained by questionnaire and included oral hygiene habits,
frequency of dental appointments, smoking habits, and previous den-
tal treatments. A single experienced examiner (M. R.) performed a full-
mouth clinical examination. The examiner was not blind concerning
the diabetes status. The following clinical parameters were recorded
at six sites per tooth of each subject: plaque index (Silness & Lde,
1964), gingival index (GI; Loe & Silness, 1963), probing pocket depth
(PD) using a manual probe, BOP, gingival recession (REC), furcation
involvement, and tooth mobility. The clinical attachment level (CAL)
of each site was calculated as PD + REC.

The severity of periodontitis was graded according to the
CDC/AAP classification (Albandar, 2007) as follows: mild periodontitis,
presence of one or more teeth with interproximal sites showing >4-
mm CAL and >4-mm PD; moderate periodontitis, presence of two
or more nonadjacent teeth with interproximal sites showing >5-mm
CAL and >4-mm PD; severe periodontitis, presence of two or more
nonadjacent teeth with interproximal sites showing >6-mm CAL and
>4-mm PD. For the participants with no signs of attachment loss,
the diagnosis of gingivitis was attributed when the BOP score was
>10%, and healthy periodontal status was attributed when the BOP
score was <10% (Chapple et al., 2018).

For subjects of the control group, absence of diabetes was con-
firmed by an HbA1c test. The system used (A1C Now+, pts Diagnos-
tics) provided the results in a few minutes using blood, sampled with

a fingerstick.

2.4 | Statistical analysis

Diabetic and nondiabetic participants were described using frequen-
cies and percentages for categorical variables and mean and standard
deviations for continuous variables. The two groups were compared
using conditional logistic regression. We used the same tests for com-
parisons when each group (diabetic and nondiabetic) was further
divided in younger (<40 years old) and older (=40 years old) subjects.
Prediction of periodontal status was done using mixed effects logistic
regression to account for the matched structure of the data. All anal-
yses were conducted using R v3.5.1, with a significance threshold
set at P < 0.05.

3 | RESULTS

Fifty subjects with TIDM and 50 nondiabetic subjects matched for
gender, age, and smoking status participated in the study. The mean
age was 35 years; and approximately 40% of the subjects of both
groups were females. As shown in Table 1, the 3-year mean HbAlc

in the diabetic group was 8.3% and for the nondiabetic group 5.2%,

OpenAccess

TABLE 1 Characteristics of the study population

Control Diabetic P

Gender 1.000

Male 30 (60) 30 (60)

Female 20 (40) 20 (40)
Age (years), mean = SD 35.9 (15.0) 35.2 (15.0) 0.020
HbA1c (%),mean + SD 5.2 (0.4) 8.3(1.8) <0.001
Smoking 0.958

Never 27 (54.0) 26 (52.0)

Light smoker (<10/day) 7 (14.0) 7 (14.0)

Heavy smoker (=10/day) 5(10.0) 5(10.0)

e-cigarette 2 (4.0) 1 (2.0

Former 9 (18.0) 11 (22.0)

UPA, mean + SD 5.8 (8.8) 6.3 (9.0)

the difference being statistically significant (P < 0.001). The overall
characteristics of the diabetic population are shown in Table 2. The
mean time since diagnosis of diabetes was 13.3 years (+11.9), and
T1D subjects had a mean body mass index of 24.5 (+3.8). The
Sudoscan measurements showed that only one among the 28 subjects

presented severe dysfunction in the right hand.

TABLE 2 Background characteristics for diabetic subjects

Value

Duration of diabetes (years), mean + SD 13.3 (11.9)
BMI, mean + SD 24.5 (3.8)
Administration of insulin (%)

MDI (multiple daily injections) 28 (58.0)

Pump 21 (42.0)
Glucose monitoring

No monitoring 9 (18.0)

FGM (flash glucose monitoring) 11 (22.0)

CGM (continuous glucose monitoring 30 (60.0)
Complications

Number of complication, mean + SD 0.6 (1.0)

Retinopathy 11 (22.0)

Nephropathy 7 (14.0)

Neuropathy 7 (14.0)

Cardiovascular disease 1(2.0)

SNC 0

IAMI 0
Sudoscan

Right hand, <40 uSv 1
Right hand, 40-60 pSv 4(
Left hand, 40-60 uSv 3 (10.7)
Right foot, 40-60 uSv 1(
Left foot, 40-60 uSv 1(
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The oral health behavior of the study populations is shown in
Table 3. The frequency of tooth brushing varied between once a day
(9%), twice (34%), and more than twice a day (7%) for both groups;
60% of the diabetics and 40% of the nondiabetics never performed
approximal tooth cleaning; the respective values for once a day was
14% and 26%, whereas for once a week, it was 26% and 34%. Sub-
jects of both groups reported having regular dental appointments at
least once per year. However, 24% of the subjects in both groups
reported having an appointment only in case of emergency. In the
same table, the previous dental treatments are shown. An important
number of diabetics (30%) and nondiabetics (46%) had received ortho-
dontic treatment in the past.

Table 4 shows the clinical characteristics of the study populations.
The number of teeth present, the mean PD, REC, AL, and the mean
number of sites with a plaque index score of >1 and the mean number
of sites with PD > 4 mm that bled upon probing did not differ between
the groups. All the other clinical parameters, including the mean
presence of plaque, Gl, BOP, and the mean number of sites with Gl
score > 1, were significantly higher in the diabetic as compared with
nondiabetic group.

Concerning the diagnosis of periodontal disease, no significant dif-
ferences were observed between the groups. As shown inTable 5, gin-
givitis was present in 68% of the diabetics and 60% of the
nondiabetics. Fifteen diabetic subjects (30%) and 14 (35%) nondia-
betics had a diagnosis of periodontitis according to the CDC/AAP clas-
sification. We further compared periodontal parameters between
controls and diabetics in younger (<40 years old) and older (>40 years
old) subjects. As shown in Table 6, diabetics <40 years old had signif-
icantly more plaque (P = 0.004) and more inflammation (Gl; P < 0.001)

TABLE 3 Self-reported oral health habits and dental history

Control Diabetic P
Tooth brushing, N (%) 1.000
Once a day 10 (20.0) 8 (16.0)
Twice a day 32 (64.0) 36 (72)
>2 times a day 8 (16.0) 6(12)
Approximal tooth cleaning, N (%) 0.062
Never 20 (40.0) 30 (60.0)
Once a week 17 (34.0) 13 (26.0)
Once a day 13 (26.0) 7 (14.0)
Frequency of dental recalls, N (%) 0.426
Never 12 (24.0) 12 (24.0)
Once a year 32 (64.0) 27 (54.0)
Twice a year 8.0) 8 (16.0)
>2 times a year 2 (4.0 3(6.0)
Dental treatments
Periodontal 6(12.0) 5(10.0) 0.706
Dental implants 5 (10.0) 3 (6.0) 0.484
Orthodontic 23 (46.0) 15 (30.00  0.082
Contention 19 (38.0) 9 (18.0) 0.027

ROY ET AL
TABLE 4 Dental examination results
Control Diabetic P
Number of teeth, % + SD 26.2 (2.8) 26.8 (2.6) 0.248
Pl, % + SD 0.4 (0.2) 0.5 (0.4) 0.014
Gl, % + SD 0.4 (0.4) 1.1 (0.7) 0.000
BOP, % + SD 294 (164) 40.5(22.2) 0.009
PD, % + SD 2.5(0.3) 2.5(0.4) 0.381
Recession, % + SD 0.2 (0.2) 0.3 (0.3) 0.083
CAL, % * SD 2.6 (0.4) 2.8 (0.6) 0.070
Number of sites Pl > 1, % + SD 13.8 (14.5) 23.9 (27.2) 0.047
Number of sites GI > 1, % + SD 18.8(23.1) 59.2(57.6) 0.001
Number of sites PD > 4 + BOP 1.5 (3.7) 2.3 (5.0 0.336

Note. BOP: bleeding on probing; Gl: gingival index; PD: probing depth; PI:
plague index.

TABLE 5 Periodontal status of the study population

Control Diabetic P
0.258

Healthy periodontium 6 (12.0) 1 (2.0)
Gingivitis 30 (60.0) 34 (68.0)
Periodontitis

Mild periodontitis 7 (14.0) 6 (12.0)

Moderate periodontitis 2 (5.0) 5(10.0)

Severe periodontitis 5(10.0) 4 (8.0)

compared with their matched controls. In the older group (>40 years
old), only gingival inflammation was significantly higher in diabetics
compared with controls (P = 0.003). The associations among several
measured parameters that affect the periodontal condition are shown
in Table 7A. The only variables identified as determinants of the peri-
odontal conditions in the whole group (both diabetic and control) were
age (P < 0.001), BOP (P = 0.009), and smoking (P = 0.01). However,
when considering these three factors together, only age and BOP
remained significantly associated with periodontitis (Table 7A). Finally,
when examining the associations of the parameters with periodontitis
only among diabetic patients, age, HbAlc, BOP, and smoking were sig-
nificantly associated with periodontitis (Table 7B).

4 | DISCUSSION

The aim of the present cross-sectional, case-control study was to
evaluate the periodontal clinical conditions and oral health behavior
in a cohort of subjects with T1D and in a control group matched for
age, sex, and smoking status. Results showed that TIDM subjects pre-
sented significantly more plaque and more inflammation as compared
with the control group in spite of similar self-reported oral hygiene

habits and frequency of dental visits. However, the prevalence of
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TABLE 6 Periodontal parameters in controls and diabetics <40 years and > 40 years old

Control (n = 28)

<40 years old Diabetic (n = 28)

Pl, mean + SD 0.3 (0.2) 0.6 (0.4)
Gl, mean * SD 0.3 (0.3) 1.1 (0.7)
BOP, % + SD 32 (43.4) 41 (23.6)
PD, mean + SD 2.2 (0.5) 2.4 (0.2)

Control (n = 22)

Note. BOP: bleeding on probing; Gl: gingival index; PD: probing depth; PI: plague index.

TABLE 7A Mixed effects logistic regression for odds of periodontitis

Univariable
OR [95% ClI]

Diabetes status 1.13 [0.42, 3.10]

Age 1.10 [1.05, 1.17]
HbA1c 0.88 [0.65, 1.15]
BOP 1.04 [1.02, 1.09]

0.37 [0.09, 1.40]
4.70 [1.57, 19.81]
1.08 [0.52, 2.27]
1.06 [0.51, 2.06]

Brushing at least twice a day
Current smoking
Dental recall

Number of complications

Note. BOP: bleeding on probing.

TABLE 7B Mixed effects logistic regression for odds of periodontitis
among diabetic patients

Univariable

OR [95% Cl] P
Age 1.09 [1.04, 1.16] 0.003
HbA1c 0.53 [0.27, 0.89] 0.04
Diabetes duration 0.95[0.88, 1.01] 0.15
BOP 1.03 [1.00, 1.06] 0.048
Brushing at least twice a day 0.35[0.07, 1.73] 0.19
Current smoking 5.06 [1.42, 19.7] 0.01
Dental recall 0.78 [0.34, 1.67] 0.54
Number of complications 1.12 [0.60, 1.98] 0.70

Note. BOP: bleeding on probing.

periodontitis did not differ between the two groups. Multivariable
logistic regression showed that periodontitis was related mainly to
age and BOP index. Our hypothesis was based on the findings of
the longitudinal studies of Lang et al. (2009) and Schatzle et al.
(2003), who reported that gingivitis precedes the established peri-
odontal lesion and thus can be considered as a risk factor in periodon-
tal disease. In their studies, teeth scored Gl = 0 had a mean cumulative
attachment loss (LA) of <2 mm over 60 years life span, teeth with
slight inflammation (Gl = 1) had a mean LA of >2 mm, and those

who consistently bled on probing (Gl = 2), the mean LA was >3 mm.

P >40 years old Diabetic (n = 22) P
0.004 0.4 (0.3) 0.5 (0.4) 0.260
0.000 0.5 (0.4) 1.0 (0.6) 0.003
0.342 37 (19.3) 40 (20.7) 0.607
0.043 2.7 (0.3) 2.6 (0.5) 0.796
Adjusted

P OR [95% Cl] P

0.83

<0.001 1.09 [1.04, 1.18] 0.002

0.36

0.009 1.04 [1.01, 1.08] 0.02

0.15

0.01 2.41[0.75, 9.66] 0.14

0.84

0.86

In the present study, the higher inflammation, in terms of Gl and
BOP scores found in the diabetic group, suggests that these subjects
will be more susceptible in developing periodontitis in the future. Fur-
thermore, the high oral hygiene level of the individuals further con-
firms that the higher inflammation is not related to simply poor oral
hygiene habits but is an innate susceptibility feature of the patient.
An interesting finding in the present study was the marked difference
in Gl for the younger cohort, supporting a preventive approach with
good diagnostic differentiation possibilities and strong treatment
opportunities in the younger age group. The reduction in differences
between older diabetic and matched nondiabetic subjects may reflect
a plateauing of the inflammatory burden on the gingiva with aging.

The association between T1DM and oral health conditions and the
assumption that T1DM is a risk factor for periodontitis has been the
subject of several investigations.

Two previously published systematic reviews and meta-analysis
concluded that the evidence of a link between T1DM and periodonti-
tis is not sufficient (Chavarry et al., 2009; Khader, Dauod, El-Qaderi,
Alkafajei, & Batayha, 2006). However, the studies included in these
reviews had several important drawbacks, such as small sample size,
control group not matched for age, gender, or other parameters, peri-
odontal measures recorded to half of the mouth, lack of the exam-
iners' calibration, and lack of taking in consideration potential
confounding factors.

More recently, two cross-sectional studies, including subjects from

five hospitals in Glasgow, reported that the prevalence of severe
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periodontitis, in terms of clinical attachment loss and radiographic
bone loss, was significantly higher in both well-controlled and poorly
controlled subjects with TIDM as compared with nondiabetic sub-
jects (Hodge et al., 2012; Plessas, Robertson, & Hodge, 2018). In a
cohort of subjects with TIDM, the bacterial profile based on 12 spe-
cies was examined and was compared with that from a control
group matched for age, gender, and level of periodontitis. No signif-
icant difference was observed between the two groups, suggesting
that it is the host response to the bacterial challenge that drives
the enhanced susceptibility to periodontal disease in diabetes (Lalla
et al., 2006).

The majority of the studies emphasized that the duration of diabe-
tes, poor metabolic control, and other existing complications of diabe-
tes are important factors to take into consideration in the evaluation
of diabetes as a risk factor for periodontal disease. In our study, the
prevalence of periodontitis—mild, moderate, or severe—did not differ
between the diabetic and nondiabetic population. It should be
emphasized, however, that the majority of the participants were non-
smokers or former smokers (53% and 20%, respectively) and did not
have any severe complications related to their diabetes status.
Indeed, only one subject out of 50 diabetics had a major complication
affecting the microvasculature (cardiovascular disease), seven suf-
fered from neuropathy, seven others from nephropathy, and 11 sub-
jects from retinopathy. In addition, the majority of subjects reported
having annual dental appointment. More specifically, subjects in the
control group were recruited among patients of the dental school
who regularly see the students and receive repeatedly oral hygiene
instructions.

In Switzerland, a population-based cross-sectional survey was con-
ducted in the canton de Vaud in order to assess the quality of care
provided to patients with diabetes. Based on self-administered paper
questionnaires, among the 406 participants, 18.2% had T1DM,
68.5% had T2DM, and for 20% of the subjects, the diabetes type
remained undetermined. Although routine clinical and laboratory tests
were performed annually in most of the subjects, several risk screen-
ings related to diabetes were less often reported. For example, feet
examination, microalbuminuria, and physical activity and dietary rec-
ommendations were reported only by a minority of the subjects
(Peytremann-Bridevaux, Bordet, & Burnand, 2013). Subjects had
received no recommendation for dental examination.

In conclusion, the results of this study add to the body of literature
supporting the observation that there is a high prevalence of plaque
and gingival inflammation in subjects with TLIDM. Whether these sub-
jects are more susceptible to develop severe forms of periodontal dis-
ease in the future remains to be elucidated longitudinally. Our further
analysis of the subjects in younger (<40 years) and older (>40 years)
T1DM cohorts revealed a marked difference in Gl between younger
healthy and controls, which was less pronounced in older patients.
This marked difference in the gingival health of young versus old dia-
betic patients to matched controls may provide diagnostic advantages
and screening and prevention opportunities to exploit. We suggest
that periodontal health, particularly gingivitis in younger patients,

may be an early indicator for both more complicated diabetes and
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periodontitis, and thus, oral health education and early diagnosis and
treatment of periodontal disease should be recommended by both

physicians and dentists to TIDM subjects.
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