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A B S T R A C T 

 

Introduction 

 

Diabetes is an increasingly prevalent chronic disease and a widely 

recognised factor for systemic complications [1]. Oral tissues resulting 

are affected by diabetes and periodontitis is recognized as the sixth 

complication of diabetes [2] and is a major cause of tooth loss in adults 

[3]. Periodontitis and diabetes are both chronic diseases with an 

established bidirectional relationship [4, 5]. However, such increased 

risk is controversial [6] and diabetes would not be direct etiologic factor 

but a predisposing factor for periodontal disease. Poorly controlled 

diabetic patients are three times more likely to develop chronic 

periodontitis compared to healthy subjects, despite similar subgingival 

biofilm [7, 8]. To some extend the control of periodontal inflammation 

can enhance the glycemic control; conversely active periodontal disease 

is more frequently seen in poorly controlled diabetic patients [9]. The 

effect of periodontitis on diabetes may be explained by the increase in 

levels of systemic pro inflammatory mediators, which exacerbates 

insulin resistance [10]. Evidence for treatment-benefits is disputed due 

to the variety of the sample population, evaluation of periodontal status 

and control of type 2 diabetes. Appropriate periodontal care can produce 

beneficial effects on metabolic outcomes among Diabetes Mellitus (DM) 

patients [11]. 

  

A meta-analysis of 9 randomised clinical trials found a moderate 

reduction in Haemoglobin A1c among DM patients after non-surgical 

periodontal treatment [12]. Another meta-analysis demonstrated that 
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there was 0.29% reduction in Haemoglobin A1c with periodontal care at 

3-4 months. It has been reported that non-surgical periodontal treatment 

improved systemic oxidative stress balance and quality of life but did 

not decrease HbA1c levels at 3 months follow-up [13]. Moreover, a 

meta-analysis of 9 clinical trials observed that periodontal treatment 

resulted in the reduction of inflammatory biomarkers such as tumour 

necrosis factor alpha and C-reactive protein in diabetic patients [14]. 

However, there is no evidence that this is sustained over the long term 

and reduces the prevalence of long-term complication such as tooth loss 

[15].  

 

Tooth loss prevalence among middle-aged adults with chronic diseases 

reproduces a reality of poor oral health when compared with a 

systemically healthy population [16]. Several studies recently underlined 

the number of missing teeth as a possible predictive factor for 

cardiovascular events or death rate in diabetic patients [17]. Diabetes 

increases the risk of cardiovascular disease especially in patients with 

severe periodontitis [18]. This penchant was also observed in previous 

researches that demonstrated a significantly higher prevalence of tooth 

loss in individuals with diabetes [19, 20]. Previously and through data 

base analysis we had reported that tooth extractions occur at specific age 

range in type 2 diabetic patients [21]. Follow up of diabetic patients in 

regard to targeted organ complications are difficult to set up and few 

cohort studies have looked at oral health in these populations.  

 

Here we report the database analysis of the same population of diabetic 

patients analyzed at a 4-year interval (2016 data versus 2012) compared 

to non-diabetic patients, who benefited from a common medical 

insurance coverage with equal access to preventive measures, in regard 

to periodontal diseases and medical care. We compared 2016 to 2012 

oral health data estimated from tooth extractions and annual prophylaxis 

sessions and dental initial appointments. The aim of this study was to 

provide a follow up analysis of oral health and tooth loss pattern 

evolution and to address the effectiveness of preventive control measures 

in a population over a 4 year-timespan of type 2 diabetic patients. 

 

Materials and Methods  

 

The study involved analysis of the CPRP database (2016) for diabetic 

and non-diabetic patients. The data base and retrieval of the data were 

similar those previously described for the 2012 analysis. Briefly, the 

CPRP database is a national independent and specific database for 

French workers in the national railways network (SNCF) benefiting from 

a corporate medical insurance coverage. 

 

According to the French health coverage system, a patient can be 

registered as a chronic- diseased patient, by his physician, for one of the 

registered medical conditions which involve continuous medical care 

throughout life. Following this registration, all the medical expenses 

related to the disease become fully covered by the insurance system. The 

patient is registered for a 5-year period and has to be re-entered at the 

end of this time lapse.  Diabetic patients are registered according to the 

criteria for diabetes (ICD 10: E10-E14) in the WHO classification for 

chronic diseases, ICD (International Statistical Classification of 

Diseases and Related Health Problems). The patient can only be 

registered at the time when antidiabetic medications are initiated, and 

specific pharmacological expenses are needed. At the diet control stage 

of the disease, the patients are covered by the general French health 

coverage system and are not specifically registered.  Therefore, the type 

2 diabetic patients, considered in this study, comprise only those 

managed by oral hypoglycaemics, and those who were initially treated 

with oral hypoglycaemics and then go onto management with insulin. 

 

The aim of the study was to study the 2016 outcome and compare it to 

the 2012 results; therefore, we considered the 2016 status of the 2012 

diabetic population (D) that was a closed population. Newly registered 

diabetic patients between 2012 and 2016 were not included in the D 

population (closed cohort). Thus, the following populations 2012 and 

2016 were considered in the database:  

 

i. All CPRP population: (A) 2012 and 2016. 

ii. Type 2 Diabetic population: (D) 2012 and 2016 closed cohort D. 

iii. Non-diabetic free of chronic disease: (ND-FCD) 2012 and 2016.  

 

Two populations were compared for the study of dental outcomes: 

 

i. Population D, Type 2 diabetic patients only, 2012 and 2016 

closed cohort. 

ii. Population ND-FCD, all other subjects not registered as diabetic 

patients and without any other registered chronic disease.  

 

As previously reported, populations were stratified by age and sex. We 

used the WHO standard age groups for the data retrieval. For purposes 

of comparison, the WHO Standard age group 80+ is an aggregate of the 

age groups 80-85, 85-89, 90; similarly, age group 0-9 is an aggregate of 

the age groups 0-4 and 5-9. The CPRP database also comprises all the 

coded medical and dental procedures for the affiliated members, since it 

provides for their medical expenses. Data managers sorted out the 

specific codes for the following dental outcomes: - teeth extractions 

(excluding 3rd molars) as an indicator of tooth loss, - scaling-prophylaxis 

sessions as an indicator of the initial periodontal therapy, which is 

included in the dental coverage of the French insurance system. 

Prevalence rates and relative risks compared the diabetic population (D) 

in regard to the non-diabetic population (ND-FCD). In addition, we 

further analyzed the data base for the dental appointments for the 

populations. We checked the annual number of initial dental 

appointments that comprise the initial checkup and diagnosis work out. 

Mortality rate and lost to follow up 2012 – 2016 were calculated in the 

diabetic population between 2012 and 2016.  

 

All participants from population D 2016 (closed population 2012) and 

population ND-FCD (2016) were included in the analysis. Prevalence 

rates and relative risks compared the diabetic population (D) regarding 

the non-diabetic population (ND-FCD). Statistical analysis of the data 

was performed by the dental department of the CPRP-SNCF using the 

Pearson Chi Square (χ²) distribution comparison tests and, Student's (t) 

average comparisons. The 95% confidence intervals use the normal law 

and the binomial law for small numbers. The significance level is set at 

p = 0.05. Overall data were collected and analysed by the medical and 

dental department of the CPRP SNCF. The collection and processing of 

the data for this study were approved by the national French data 

protection authority (National Committee for Processed Data and 

Freedom-CNIL). 
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Table 1: Populations 2012-2016. 

 2012 2016 

 n % of 

sample 

mean 

age 

(yrs.) 

SD Confidence 

Intervals 

95% confident 

 n % of 

sample 

mean 

age (yrs.) 

SD Confidence 

Intervals 

95% confident 

All (A) 533 378 100 46.33 26.42 [46.26;46.40] All (A) 499 943 100 46.43 26.50 [46.36 ; 46.51] 

Female 179 671 33.69 42.11 29.34 [41.97;42.25] Female 163 908 32.79 41.71 29.28 [41.57 ; 41.85] 

Male 353 707 66.31 48.44 24.57 [48.36;48.52] Male 336 035 67.21 48.74 24.70 [48.66 ; 48.82] 

Non 

diabeti

c - free 

chronic 

disease 

(ND-

FCD) 

377 207 70.72a 39.48 24.38 [39.40;39.56] Non 

diabetic - 

free 

chronic 

disease 

(ND-

FCD) 

383363 76.69a 38.9 24.07 [38.83;38.98] 

Female 132 997  35.26 35.52 26.63 [35.38;35.66] Female 132 029 34.44 35.71 26.15 [35.57;35.85] 

Male 244 210 64.74 41.63 22.78 [41.54;41.72] Male 251 334 65.56 41.35 22.9 [41.26;41.44] 

Type 2 

Diabeti

c (D) 

27 305 5.12b 71 11.2 [69.87;71.13] Type 2 

Diabetic 

(closed 

cohort 

D)  

22 096 4.42b 72.61 10.75 [72.46 ; 72.75] 

Female  6562 24.03 74 12.2 [73.74;74.34] Female  5180 23.44 75.41 12.04 [75.08;75.74] 

Male 20743 75.97 70 10.6 [69.87;70.16] Male 16916 76.56 72.15 10.2 [72.00;72.31] 

Type 2 

Diabeti

c 

mortali

ty rate 

2012-

2016 

5 139 18.82c 82.08 9.4 [81.83 ; 82.34] Type 2 

Diabetic 

lost to 

follow 

up 2012-

2016 

70 0.26    

Female  1341 26.09 86 8.37 [85.63;86.52] Female 41 0.62    

Male  3798 73.91  80.7 9.33 [80.38;80.97] Male  29 0.14    
a  % of sample: ND-FCD population represents % of all CPR population. 
b  % of sample: Type 2 diabetic population represents % of all CPR population. 
c % of sample: Type 2 diabetic mortality rate represents % of 2012 Type 2 diabetic population. 

 

Results 

 

The baseline characteristics of the population are shown in (Table 1). In 

2016 the over whole CPRP population (A) comprises 499 943 

individuals with a mean age at 46.43 years (SD: 26.50). As compared to 

the 2012 population, the population has decreased (-6.27%), mean age 

remained alike 2012; the sex ratio modified over time with and increased 

proportion of men over women (p<000.1) In 2016, the closed population 

of the 2012 type 2 diabetic population (D) (n=22 096) represents 4.42 % 

of population A with a mean age at 72.61 years (SD: 10.75); the non-

diabetic – free of chronic disease population (ND-FCD) accounts for 

76.69% of population A with a mean age at 38.9 years (SD: 24.07). The 

male-female percentages are 67.21%/32.79% in population A, 

65.56%/34.44% in population ND-FCD and 76.56%/23.44% in the Type 

2 diabetic population (D). The younger age and the over representation 

of males to females in the ND-FCD population reflects the insurance 

coverage of both active and retired railways workers and their direct 

family (spouse and children under 18).  

 

Between 2012 and 2016, characteristics of the populations A and 

NDFCD were modified: the NDFCD population increased by 1.63%, 

with a younger age (38.9 years in 2016, versus 39.48 in 2012, p<0.001) 

and a slight titling sex ratio towards male (65.56% male / 34.44 % female 

in 2016, versus 64.74% / 35.26% in 2012, p<0.001). In 2016, the 

following changes are noted in the 2012 D population: while the sex ratio 

remains unchanged, the mean age has significantly increased (71 yrs. 

versus 72.6 yrs. p<0.001); 5139 individuals died in the time period, 

which is 18.82% of the sample with a mean age at 82.08 years (SD: 9.4). 

Mean age at death and mortality rate is higher for female than male 

patients (0.20 versus 0.18). Therefore, the annual death rate in the D 

population is at 0.047 for the diabetic patients. In addition, 70 individuals 

(0.26%) were lost to follow up, likely by changing their health coverage 

system. 

 

2016 tooth extraction and scaling session’s results with the variations 

2012-2016 are presented in (Table 2) for both the D population and the 

NDFCD. A statistically significant higher prevalence (p<0.01) is noted 

for D population’s tooth extractions in the 60 to 64 and above 70 age-
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ranges. Both in 2012 and 2016, the ND-FCD population, the extraction 

rate steadily increases with age. In 2016 the Type 2 diabetic population 

ratio for extraction remains as in 2012 twice that of the non-diabetic 

population (0.20 as opposed to 0.08, p < 0.01). Scaling prophylaxis 

sessions increase between 2012 and 2016 for diabetic patients (+26%, 

p<0.01). A significant increase (p < 0.01) is noted in the 45-49 age range 

and above 60 (60-79 range). In the NDFCD population there is an overall 

increase (+26%, p<0.01) in the annual number of scaling professional 

sessions at all ages, which may be related to the prevention campaigns 

initiated by the CPR in 2011 aimed at periodontal prevention in all 

patients. 

 

Table 2: Ratio of teeth extractions and scaling-prophylaxis sessions among the two populations by age group in 2016 and change 2016/2012.  

Populations 

2016 

Scaling prophylaxis sessions 2016  Tooth extractions 2016 

 

DT2 ND-

FCD 

DT2 ND-FCD  DT2 NDFCD  

Age  n n nb of 

scaling 

sessions 

ratio change    

2016/ 

2012 

nb of 

scaling 

sessions 

ratio change 

2016/ 

2012 

RR nb of tooth 

extractions 

ratio change 

2016/ 

2012 

nb of tooth 

extractions 

ratio change 

2016/ 

2012 

RR 

[0;9]        0   54576      0 0  0   1901 0.03 -0.12** 0.00       0 0   0       41 0.00 -0.97**   0.00 

[10;14]        0   29242      0 0  0   4878 0.17  0.39** 0.00       0 0   0     785 0.03 -0.74**   0.00 

[15;19]        2   25293      0 0 -1   6164 0.24  0.27** 0.00       2 1   0     329 0.01 -0.11 76.88 

[20;24]      10   24395      7 0.70 -0.13   7549 0.31  0.05** 2.26       0 0   0     449 0 .02 -0 .19**   0.00 

[25;29]      11  19628      1 0.09 -0.83*   7156 0.36  0.12** 0.25       0 0 -1     707 0.04   0.04   0.00 

[30;34]      14  19187      1 0.07 -0.61   7793 0.41  0.04* 0.18       1 0.07 -0.04     872 0.05 -0.16**   1.57 

[35;39]      36  22007    11 0.31 -0.36 10252 0.47  0.12** 0.66       3 0.08 -0.11   1236 0.06 -0.09*   1.48 

[40;44]    108  25420    50 0.46 -0.11 12252 0.48  0.26** 0.96     12 0.11 -0.55   1727 0.07 -0.03   1.64 

[45;49]    147  17965    85 0.58  0.58** 10178 0.57  0.31** 1.02     15 0.10 -0.16   1671 0.09 -0.08*   1.10 

[50;54]    401  20240  103 0.26 -0.23**   8627 0.43 -0.02 0.60**     65 0.16  0.13   2309 0.11 -0.12**   1.42 

[55;59]  1511  33984  496 0.33 -0.01 17268 0.51  0.15** 0.65**   346 0.23  0.15   4814 0.14 -0 .07** 1.62** 

[60;64]  2704  28637  989 0.37  0.27** 15853 0.55 0.48** 0.66**   579 0.21  0.20   4703 0.16   0.03 1.30** 

[65;69]  3507  20077 1126 0.32  0.32** 10229 0.51 0.54** 0.63**   636 0.18 -0.04   3564 0.18  0 .05 1.02 

[70;74]  3672  14803 1171 0.32  0.52**   6859 0.46 0.49** 0.69**   770 0.21  0.15   2686 0.18  0 .00 1.16** 

[75;79]  3590  10788   920 0.26  0.56**   4331 0.40 0.57** 0.64**   808 0.23  0.27   2288 0.21  0 .06 1.06 

80+  6383  17121 1112 0.17  0.51**   4395 0.32 0.99** 0.68** 1134 0.18  0.11   3098 0.18  0.05 0.98 

Total 22096 383363 6072 0.27  0.26** 135685 0.35 0.26** 0.78** 4371 0.20  0.13 31279 0.08 -0.13** 2.42** 

NS : No statistical Significance      *p<0,05        **p<0,01. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Comparative graphic curve of teeth extractions and scaling-prophylaxis sessions in 2012 and 2016 among the two populations   by age group 

from 30 years to 80 years. 
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The overall trends for tooth extraction and scaling prophylaxis sessions 

are presented in (Figure 1). The extractions ranges with significant peak 

in increase have been delayed by about 10 years (40-44 in 2012, versus 

55-59 and above in 2016). Between 2012 and 2016, in the DT2 

population and as opposed to the NDFCD population, specifically it is 

noted that professionally active patients (20 to 44 age range) tend to have 

less scaling prophylaxis sessions than retired patients (above 60 yrs.). 

The results for outpatient dental appointments are presented in (Table 3). 

Medical appointments results could not be adequately compared 

between 2012 and 2016, since French guidelines in the care of diabetic 

patients have been modified in the interval, resulting in a different 

pattern of specialist referrals. In 2016 and similarly to 2012 on average, 

type 2 diabetic patients seek less advice than the ND-FCD population 

(annual ratio at 0.15 versus 0.16, p < 0.01), albeit a general increase in 

dental appointments is noted in 2016: for the NDFCD population in the 

range 0-19, and above 55, to a lesser extend at the following age ranges 

in the D population: 45-49 et 51-54, and 65-69 – 70-74, (p < 0.01). 

 

Table 3: Outpatient dental appointments into the two populations in 2016. 

 DT2 dental consultations NDFCD dental consultations 

 2016   2016   

Age  nb of dental consultations ratio change 2016/2012 nb of dental consultations ratio change 2016/2012 

[0;9] 0 0 0  8505 0.16 0.18 ** 

[10;14] 0 0 0  6730 0.23 0.15 ** 

[15;19] 2 1 1.25  3149 0.12 0.13 ** 

[20;24] 2 0.2 1  2430 0.10 -0.16 ** 

[25;29] 0 0 -1  1919 0.10 -0.18 ** 

[30;34] 5 0.36 2.21  2502 0.13 -0.11 ** 

[35;39] 7 0.19 0.10  3248 0.15 -0.15 ** 

[40;44] 20 0.19 0.02  4140 0.16 -0.03  

[45;49] 31 0.21 0.68 ** 3096 0.17 -0.12 ** 

[50;54] 73 0.18 0.32 ** 3705 0.18 -0.05 * 

[55;59] 253 0.17 0.20 * 6318 0.19 0.05 ** 

[60;64] 427 0.16 0.14 * 5307 0.19 0.19 ** 

[65;69] 564 0.16 0.19 ** 3557 0.18 0.13 ** 

[70;74] 559 0.15 0.17 ** 2721 0.18 0.09 ** 

[75;79] 535 0.15 0.16 * 1978 0.18 0.13 ** 

80+ 783 0.14 0.24 * 2674 0.16 0.14 ** 

Total 3261 0.15 0.15 ** 61979 0.16 0.04 ** 

*p<0.05 **p<0.01. 

 

Discussion 

 

Database analysis of a large closed population of type 2 diabetic patients, 

in a 4-year follow-up period, demonstrate specific oral health 

modifications: the dental extraction frequency exhibits an early and 

continuous high rate, despite regular dental checkups and scaling 

prophylaxis sessions. Over time the closed CPR population 

characteristics are in agreement with the general French population data: 

the CPR DT2 2012 population showed a 5.12% rate that compares to the 

at 4.7% rate of the 3.086 million French diabetic in the general 

population. Moreover, the deceased patients represent 18.82 % of the 

CPR DT2 population over 4 years which is an annual death rate of 4.7%. 

This is similar to the mortality rate of the diabetic patients in France [22].  

 

Several studies have investigated the causes of death and mortality rates 

(MR) in diabetic populations [23]. Using data analysis, a recent 

comprehensive analysis of the MR and cause of death in a Korean 

population, with type 2 diabetes, showed that diabetic men had a higher 

mortality risk than diabetic women, which is connoted with our results 

in a French population [24]. Moreover, excess mortality, which was 

primarily contributed by cardiovascular and ischemic heart diseases, has 

been shown to be presumably indirectly related to periodontal disease 

and tooth loss. We detected a positive association between tooth loss and 

cardiovascular diseases and also found that the association differed 

depending on sex with male subjects being more prone to the disease 

[25]. 

 

Long term study on the natural history of periodontal disease and tooth 

loss over 40 years showed that smoking and calculus were associated 

with disease initiation and that calculus, plaque, and gingivitis were 

associated with loss of attachment and progression to advanced disease 

[26]. Evidence suggest that calculus removal, plaque control, and the 

control of gingivitis are essential in preventing disease progression, 

further loss of attachment and ultimately tooth loss. Diabetic patients 

undergo tooth loss at specific age ranges that appear to be on average 15 

years later in 2016 as compared to 2012. Here, the studied population 

showed an increase for tooth extraction in the 40-44 and 55-59 age 

ranges in 2012, and then an increase in the 55-59 and 75-79 ranges in 

2016. It appears that tooth loss in diabetic patients is not a continuous 

process but occurs at some specific age range that can be traced in this 

study in the mid-forties, mid-fifties and mid-seventies thus leading to a 

higher edentulous state than the normal population which for the 

extraction prevalence steadily increases with age. However, an increase 

frequency in periodontal treatment (scaling- prophylaxis session) 

precedes the tooth extraction age range suggesting that a periodontal 

awareness of the patients is present over time. 

 

These data suggest that periodontal disease leading to tooth loss in 

diabetes is controlled but not definitively cured over this time-length, 
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notwithstanding common dental prevention regimens. Therefore, the 

dental care sessions involving routine checkups and regular scaling 

prophylaxis sessions appear necessary and cannot be either spaced or 

discontinued [27]. Tooth loss in diabetes is the result of a peculiar 

infectious disease and the end stage of periodontitis; the multifactorial 

etiology of this disease involves species bacterial and also recognizes 

social determinants linked to nutrition and oral hygiene [28]. This 

appears unique compared to other infectious disease that usually can be 

cured through appropriate medical treatment. 

 

In the dental field some analogy can be found with the recurrence of 

carious disease or the modification of its clinical presentation when 

fluoride prevention is discontinued. Further studies will try to find out 

the sequence of the extracted teeth (anterior or posterior) and find the 

annual rate of edentulism and if tooth loss could be linked to the level of 

control of the diabetes and whether some threshold levels for HbA1c 

levels correlate with tooth loss over time. 
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