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The association between diabetes and

periodontal disease has been reported

for more than 40 years (1). Clinical

studies have demonstrated a higher

prevalence of periodontitis in diabetic

patients (2–4); however, very often

type I and type II diabetes were not

distinguished. Type II diabetes (for-

merly classified as noninsulin-depend-

ent) is the most prevalent type of

diabetes and affects � 90% of diabetic

patients. The number of invidivuals

with type II diabetes is increasing as a

result of poor eating habits, obesity,

and a sedentary way of life in popula-

tions with increased life expectancy.

Associated complications include

microvascular alteration, which may

directly affect the periodontium and

the host response (5). The prevalence

of periodontal disease has been repor-

ted as 60% in subjects with type II

diabetes and as 36% in patients with-

out diabetes (6).

In a large survey in the USA

(NHANES III; 1988–1994), type II

diabetes was found to be associated

with a higher prevalence of periodontal

disease. The extent of disease in the

two groups were 11.4% and 5.8% of

teeth with attachment loss, and 4.9%

and 1.6% of teeth with pockets (7).

The aim of the present study was to

compare the periodontal health of

adults with type II diabetes to a general

population of nondiabetic patients.

Material and methods

The present study was a part of the

First National Periodontal and Sys-

temic Examination Survey (NPASES)

in France. The data were obtained

from a 2002–2003 national study that

was performed to identify strategies for
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Background and Objective: Diabetes and periodontal disease have been associ-

ated in the literature. In the present study, the periodontal heath of noninsulin-

dependent diabetic adults was compared with that of a general population of

nondiabetic patients.

Material and Methods: In France, 2144 adults (age: 35–65 years) were examined

for life habits (tobacco, alcohol), biological diagnosis (type II diabetes, arterial

hypertension), biometry (weight, size) and biochemistry. Dental and periodontal

data included plaque index, gingival index, probing depth, and clinical attachment

loss.

Results: Descriptive and multifactorial analysis evidenced a more severe perio-

dontal disease in diabetic patients. Moreover, when the plaque index was held

constant, the gingival index was more elevated in diabetics. In nondiabetics, age,

gender, glycemia, alcohol, and tobacco smoking were identified as significant risk

factors for periodontal disease. In contrast, in diabetic subjects, only tobacco

smoking was a significant risk factor.

Conclusion: In type II diabetics, the diabetes factor is probably more significant

than periodontal risk factors, age, and gender.
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the prevention and control of non-

transmissible diseases (8).

The NPASES was performed by

two national institutions: (i) the Union

Française pour la Santé Bucco-den-

taire (UFSBD), a World Health

Organization Collaborating Center

with expertise in oral health epidemi-

ology, and (ii) the National Health

Insurance Welfare, which conducts

periodic health evaluation for the

adult population. The population

examined comprised 2144 adults (age:

35–65 years) living in France from

June 2002 to September 2003. The

sampling technique used was the

method of quotas with a stratification

of four degrees: age 35–39, 40–49,

50–59 or 60–65 years; gender; socio–

professional category (executive pro-

fession, intermediate profession, office

worker, manual worker, retired,

unemployed); and geographical region

(Fig. 1).

Information on life habits (tobacco

or alcohol use), biological diagnosis

(type II diabetes, where diabetes was

defined as the current use of antidia-

betic drugs; fasting glycemia of

>7.0 mm d/l; and arterial hyperten-

sion), biometry (weight and size), and

biochemistry (glycemia and choles-

terol) were obtained. Tobacco use was

categorized as never smoker, former

smoker, or current smoker. Alcohol

was categorized as never, past, or act-

ual. For biometry, body mass index

(BMI) was categorized [according to

the formula: weight (in kg) ‚ height2

(in m)] as underweight (BMI < 18.5),

normal weight (BMI 18.5–24.9), over-

weight (BMI 25–29), or obese (BMI

‡ 30) (9).
Number of healthy, decayed,

restored or extracted teeth were deter-

mined, and the plaque index (PI) (10),

gingival index (GI) (11), probing

depth, and clinical attachment loss

were recorded. The third molars were

excluded (12). The periodontal meas-

urements were assessed at four sites per

tooth (mesiobuccal, distobuccal, mid-

buccal, and midlingual) using a sterile

PDT periodontal sensor probe type US

(Williams, Professional Dental Tech-

nologies Inc., Batesville, AR, USA)

and 20 g pressure. Examiners were

trained and calibrated (13).

The statistical analysis was descrip-

tive (mean, standard deviation, quar-

tile) and analytical. The qualitative and

continuous variables were analyzed

using chi-square and Student t-tests,

respectively. A multifactorial analysis

tested the relationship between the

periodontal disease and type II diabe-

tes.

Results

The recorded medical data are sum-

marized in Table 1. Among 2144 adult

subjects, 71 were diagnosed with type

II diabetes (prevalence ¼ 3.3%). The

distribution of gender and tobacco

smoking between the two populations

was similar (p > 0.05). In contrast,

type II diabetic subjects were signifi-

cantly older (54.5 ± 0.20 vs.

49 ± 1.01, p < 0.01) and more obese

(42% vs. 12.4%). Likewise, mean gly-

cemia and arterial hypertension were

significantly higher in type II diabetic

subjects. Nondiabetic patients con-

sumed more alcohol.

Dental health indicators, adjusted

for age, were better in the diabetic

group where the subjects presented

more healthy teeth and fewer restored

teeth (p < 0.01) (Table 2). Except for

the mean probing depth, periodontal

health indicators, standardized for age,

–

Fig. 1. Study design and recorded data.

Table 1. Descriptive analysis of medical data

Nondiabetic mean

or frequency n ¼ 2073

Diabetic mean or

frequency n ¼ 71

p-value t-test

or chi-square

Age (years) 49.0 (0.20) 54.5 (1.01) < 0.001

Gender (males) 48.7% 59.1% NS

BMI 25.4 (0.09) 29.9 (0.63) < 0.0001

BMI category < 0.0001

Underweight 1.8% 0%

Normal weight 48.6% 15.6%

Overweight 37.2% 42.2%

Obese 12.4% 42.2%

Cholesterol 5.63 (0.02) 5.61 (0.15) NS

Glycemia 5.36 (0.02) 8.45 (0.35) < 0.0001

AHT 9.8% 22.5% 0.0005

Tobacco NS

Never 54.2% 52.1%

Former 23.8% 16.9%

Current 22.0% 31%

Alcohol < 0.0001

Never 16.0% 39.4%

Past 1.8% 1.4%

Actual 82.2% 59.2%

AHT, arterial hypertension; BMI, body mass index; NS, not significant.
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were elevated significantly more in the

diabetic group. Significant differences

were detected for the PI [ratio of PI in

diabetes vs. nondiabetes (RPI
D=ND) ¼

0.66], GI (ratio of GI in diabetes vs.

nondiabetes (RGI
D=ND) ¼ 0.75] and

attachment loss (RAL
D=ND ¼ 0.93). The

difference on mean probing depth

between the two groups was not

significant.

While low PI was similar in the two

study populations, a significant differ-

ence was observed on elevated PI (PI2

and PI3) (Table 3). The PI ratio for

diabetics/nondiabetics was 1.65 for PI3

and 0.71 for PI2. Diabetic men had a

significantly higher PI than nondia-

betic men (p < 0.001) and the

RPI ¼; 0
D=ND was 1.68. Its value for the

other scores was, respectively, 0.97

(RPI ¼> 1
D=ND), 0.48 (RPI ¼> 2

D=ND),

and 1.62 (RPI ¼> 3
D=ND). Diabetic

women had a significantly higher PI

than nondiabetic women (p < 0.001),

with an RPI ¼ 0 ¼ 0.44. Diabetic wo-

men had a higher PI for the higher

severity score (RPI ¼ 3 ¼ 1.52), the

ratio for the other categories being � 1.

In the same age group, plaque was

more frequently detected at 40–49 years

(RPI ¼; 0
40 � 49 ¼ 0.35) in diabetic sub-

jects (p < 0.01). The ratio was reversed at

50–59 years (RPI ¼; 0
50 � 59 ¼ 1.49) and

at 60–64 years (RPI ¼; 0
60 � 64 ¼ 1.14).

At any age, the PI3 value was higher in

diabetics (p < 0.01).

Overall, the majority of subjects

(50%) had a GI of 2 (Table 4). While a

larger number of nondiabetic women

had a GI of 0 or 1, diabetic men pre-

sented significantly higher elevated

values of GI (p < 0.01). About one-

third of diabetics in any age category

had a maximal GI of 3. In the non-

diabetic group, the percentage of sub-

jects with a GI of 3 was significantly

lower (p < 0.001) (Table 4).

The relationship between the PI and

GI values are presented in Table 5,

Fig. 2 and Fig. 3.

Variance analysis (ANOVA) showed a

significant difference in the registrated

mean value distribution of GI and PI

by quartile (p < 0.001). The mean va-

lues of GI in diabetics were less elevated

for PI Q1, with a ratio of RGI ¼

> Q1
D=ND ¼ 2.22 (p < 0.01). For the

other categories, the mean GI was sys-

tematically more elevated in diabetics,

with respective ratios RGI ¼> Q3
D=ND ¼

0.63 and RGI ¼> Q3
D=ND ¼ 0.88. The

reported correlation between GI quar-

tiles and index scores were 16.55%

(Q1), 10.23% (Q2), 11.14% (Q3) and

16.45% (Q4) for the nondiabetic group

vs. 14.08, 5.63, 7.04 and 28.17 for the

diabetic group.

Clinical periodontal indices and

associated risk factors are presented

in Table 6. For the nondiabetic sub-

jects, the risk factors were age, gen-

der, glycemia, tobacco smoking, and

alcohol. For the diabetic subjects,

only tobacco smoking was a signifi-

cant risk factor.

Discussion

In the present study, the prevalence of

type II diabetes was 3.3%, similar to

the prevalence of disease in the USA

(14). The prevalence of type II diabetes

was positively associated with age and

was 3.5 times greater in subjects

‡ 65 years of age (15). Type II diabetes

has been reported to be associated with

hyperglycemia and arterial hyperten-

sion, and with being overweight (16).

Our results are in agreement with these

observations.

Numerous studies in the literature

have demonstrated that individuals

with diabetes tend to have a higher

prevalence and more severe forms of

periodontitis than nondiabetics. How-

ever, in these studies, individuals with

type I or II diabetes were not distin-

guished (16–18).

Table 2. Descriptive analysis of dental indicators, adjusted for age

Nondiabetic n ¼ 2073 Diabetic n ¼ 71
Chi-square

type IIIn Mean n Mean

Healthy teeth 1973 15.3 (0.14) 67 17.4 (0.79) 0.01

Restored teeth 1832 6.7 (0.09) 59 5.30 (0.49) 0.005

Extracted teeth 1705 4.6 (0.07) 59 4.37 (0.39) NS

Plaque index 2062 0.4 (0.01) 71 0.6 (0.06) 0.003

Gingival index 2062 0.6 (0.01) 71 0.8 (0.07) 0.01

Probing depth 2061 2.3 (0.01) 71 2.4 (0.05) NS

Attachment loss 2061 2.5 (0.01) 71 2.7 (0.07) 0.001

NS, not significant.

Table 3. Plaque index: percentage of subjects with more elevated score by sitea

Subject

PI ¼ 0

Subject

PI ¼ 1

Subject

PI ¼ 2

Subject

PI ¼ 3

Diabetic 12.68 26.76 28.17 32.39

Yes 71 12.88 28.03 39.51 19.59

No 2073

Gender

Diabetic

Man 42 16.67 26.19 19.05 38.10

Woman 29 6.90 27.59 41.38 24.14

Nondiabetic

Man 1009 9.91 26.86 39.74 23.49

Woman 1064 15.70 29.14 39.29 15.88

Age

Diabetic

40–49 (21) 4.76 33.33 28.57 33.33

50–59 (20) 15.00 25.00 30.00 30.00

60–64 (27) 14.81 22.22 29.63 33.33

Nondiabetic

40–49 (698) 13.75 25.64 39.54 21.06

50–59 (556) 10.07 27.34 42.99 19.60

60–64 (361) 13.02 26.04 39.34 21.61

a Standardized by age.

PI, plaque index.
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Only a small number of studies have

investigated the relationship between

type II diabetes and periodontitis. Five

of these studies evaluated Pima Indians

in Arizona and included subjects of

5 years and older or 15 years and older

(6,19–22). Three other reports included

only adults (3,23,24), and reported a

poorer periodontal health in diabetics.

In 1990, Nelson et al. (6) reported a

2.6-fold greater risk of advanced perio-

dontal disease in diabetics. In 1991,

Emrich et al. reported that the odds

were approximately three times greater

for diabetes to have destructive perio-

dontal disease (20). In 1998, Taylor

et al. (22) reported that subjects with

type II diabetes had a fourfold greater

risk for more severe alveolar bone loss.

In the NHANES survey, Selwitz et al.

reported a large extent of periodontal

disease in the group with type II dia-

betes (7). A more recent study (25)

compared the periodontal health of

nondiabetics and type II diabetic sub-

jects. GI and attachment loss were

elevated significantly more in the dia-

betics. These results are in agreement

with the results of our study.

For a more precise evaluation of the

inflammatory response in diabetics, we

compared the GI of the two groups.

When PI was held constant, GI was

elevated more in diabetics. This

observation was previously reported

for type I (26) and type II diabetes (25),

and indicates that with similar hygiene

conditions, diabetes promotes patho-

genecity of periodontal pathogens by

altering the immune system.

Age is reported to be an aggravating

factor for periodontal diseases (12) and

diabetes (14). However, in our study,

age was positively and significantly

correlated with the four periodontal

indices only in nondiabetics. These

results are in accordance with the

results of Kun Lu & Chyu Yang in

2004 (25) and some other observations

on type I diabetes where age was not a

significant factor. Some studies have

limited their observations to men

(6,25). A homogeneous mixed popula-

tion was examined in our study. In the

nondiabetic group, men had more

elevated periodontal indices according

to epidemiological studies on a general

population (12). In the diabetic group,

gender was not a significant factor. In

diabetics, the diabetes factors are

probably more significant than perio-

dontal risk factors, age, and gender.

In our study, the impact of smoking

on periodontal health was significant

only in nondiabetics. A similar

observation was made for alcohol. The

current consumption of alcohol

decreased the periodontal indices.

In conclusion, in France, diabetes is

a risk factor for chronic periodontal

Table 4. Gingival index: percentage of subjects with more elevated score by sitea

Subject

GI ¼ 0

Subject

GI ¼ 1

Subject

GI ¼ 2

Subject

GI ¼ 3

Diabetic

Yes 71 8.45 15.49 46.48 29.58

No 1673 7.14 23.97 51.91 16.98

Gender 30.95

Diabetic 27.59

Man 42 14.29 16.67 38.10 30.95

Woman 29 0.00 13.79 58.62 27.59

Nondiabetic

Man 819 6.34 21.11 53.52 19.03

Woman 1064 7.89 26.69 50.38 15.04

Age

Diabetic

40–49 (12) 0.00 27.27 45.45 27.27

50–59 (20) 15.00 15.00 30.00 40.00

60–64 (27) 7.41 18.52 40.74 33.33

Nondiabetic

40–49 (698) 7.31 23.07 51.29 18.34

50–59 (556) 4.50 21.94 56.47 17.09

60–64 (361) 6.65 23.27 49.86 20.22

a Standardized by age.

GI, gingival index.

Table 5. Mean values of gingival index, according to the distribution of plaque index, by

quartile

Plaque index

Mean gingival index

p-valueNondiabetic Diabetic

Quartile 1 (< 0.068) 0.20 (0.20) 0.09 (0.14) 0.001

Quartile 2 (0.068–0.25) 0.37 (0.19) 0.58 (0.11) 0.001

Quartile 3 (0.25–0.643) 0.63 (0.19) 0.70 (0.14) NS

Quartile 4 (> 0.643) 1.22 (0.20) 1.39 (0.10) 0.01

NS, not significant.

Fig. 3. The relationship between GI and PI

in the diabetics (m ¼ 71).

Fig. 2. The relationship between GI and PI

in the non-diabetics (m ¼ 2073).
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disease in adults older than 35 years of

age. This link can be explained by a

direct causal relationship. Hypergly-

cemia and hyperlipidemia result in

metabolic alterations, which may then

exacerbate the bacteria-induced inflam-

matory periodontitis (27). Alterations

in the host response include impaired

function of neutophilic leukocytes (28),

exaggerated response to lipopolysac-

charide (29), increased production of

tumour necrosis factor-a (TNF-a) (30),
decreased synthesis of collagen, and

increased collagenase activity (31).

Studies have shown that the advanced

glycation end products (AGE), formed

as a result of hyperglycemia/hyperlip-

idemia, can alter the phenotype of an

number of cells via their cell-surface

receptor (RAGE). This reaction can

transform macrophages into destruc-

tive cells producing pro-inflammatory

cytokines. According to some authors,

the activation of RAGE can explain

the exaggerated inflammation and the

periodontal destruction observed in

diabetic patients (31). The relationship

between the two pathologies may be

bidirectional (32). The control of perio-

dontal infection is essential in diabetic

patients (28).
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