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Abstract Aim: This study aimed to evaluate the prevalence of carious, restored, and missing teeth

among diabetic and non-diabetic patients who visited dental clinics in Dammam, Saudi Arabia.

Method: This retrospective study was conducted between April and November 2018. The data

collection procedure was conducted in two steps: (1) review of patient records for the demographic

variables and (2) screening of digital panoramic radiographs (OPGs). The patients who visited the

restorative and prosthetic clinics in the period of 2016–2017 were included in the study.

Results: A total of 1186 patient records and OPGs were reviewed to extract the data. The aver-

age age of the patients in the study sample was 40.96 (±16.29). The sample included 751 (63.3%)

female and 435 (36.7%) male patients. Among the patients, 192 (16.2%) had diabetes mellitus and

994 (83.8%) were non-diabetic. The average numbers of fixed partial dentures and missing teeth

were significantly high among diabetic patients (P < 0.001). Conversely, the average numbers of

carious lesions and restored teeth were higher among the non-diabetic patients. Only the number

of restored teeth was found to be significant (P < 0.001).
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Conclusion: The diabetic patients were found to be at high risk of losing teeth compared with the

non-diabetic patients. The prevalence of fixed partial dentures was also higher among diabetic

patients. The oral health status of dental patients with diabetes needs urgent attention to prevent

these patients from having teeth loss, and it can be done by improving their oral health.

� 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Diabetes mellitus (DM) is a common chronic disease mani-

fested by hyperglycemia resulting from an absolute or relative
insulin deficiency (Latti et al., 2018). The disease affects people
around the world, as 8.5% of the population worldwide was

diagnosed with diabetes in 2014 (Sreedharan and
Abdelmalak, 2018). Saudi Arabia is considered one of the
countries with a high DM prevalence (Al-Rubeaan, 2015;
Naeem, 2015). A recent cross-sectional study examined 6024

Saudi subjects attending the primary health care department
at King Fahad Armed Forces Hospital, Jeddah, Saudi Arabia
and reported that 30% of the subjects were diagnosed with

DM, with 34% of them being male and 27% being female
(Alqurashi et al., 2011).

Aside from the relation between periodontal diseases and

diabetes (Grossi and Genco, 1998; Nishimura et al., 1998;
Kapp et al., 2007; Wiener et al., 2017; Yoo et al., 2019),
researchers have also studied the restorative and prosthetic

needs of diabetic dental patients. A study detected a strong
association between diabetes and teeth loss, with the results
indicating that the subjects with diabetes had a 1.46 times
higher incident rate of teeth loss than the non-diabetic patients

(Kapp et al., 2007). When the researchers stratified the findings
by age, they found that diabetes and teeth loss association was
significantly higher in the younger subjects (18–44 years) and

that the association was not significant for the older age group
(65 years or older)(Kapp et al., 2007). A recent cohort study
reported that diabetic patients were at a higher risk of teeth

loss than the non-diabetic patients. Moreover, the risk of teeth
loss increased as the severity of diabetes increased, and the risk
decreased as the dental visits increased (Yoo et al., 2019). Con-
sequently, with the increased prevalence of teeth loss among

diabetic patients, the prevalence of prosthetic needs also
increased (Jung et al., 2013).

Several studies evaluated the effect of diabetes on the inci-

dence of dental caries (Ferizi et al., 2018; Latti et al., 2018). A
study exploring the incidence of dental caries and its effect on
the salivary flow rate in diabetic children (type 1) compared

with non-diabetic patients found that the diabetic children
had a higher risk for dental caries and a lower salivary flow
than the control group (Ferizi et al., 2018). The mean number

of Decayed, missing, and filled teeth (DMFT) among diabetic
patients was found to be significantly higher than that of non-
diabetic patients (Latti et al., 2018). A retrospective study
reported a significant difference in carious lesions between

patients with a poor glycemic index and those with controlled
diabetes and that patients with controlled diabetes showed less
carious lesions than the control group (Buysschaert et al.,

2018). Furthermore, reduced salivary flow rates and higher
glucose concentrations of the gingival crevicular fluid were
observed among diabetic patients (Chhabrani et al., 2013;

Velasco-Ortega et al., 2016).
The association between carious lesions and the numbers of

restored and missing teeth in diabetic and non-diabetic
patients has not been well investigated in a single study. Thus,

this research aimed to examine the correlation between the
numbers of carious, restored, and missing teeth and DM in
diabetic patients compared with non-diabetic patients.

2. Methodology

This retrospective study was performed from April to Novem-

ber 2018 after obtaining the ethical approval of the research
committee of the College of Dentistry, Imam Abdulrahman
bin Faisal University (letter no. 2017019). The patients who

visited the restorative and prosthetic clinics in the period of
2016–2017 were included in the study. The study sample was
divided into the diabetic and non-diabetic groups. Their health
status and demographical data, such as age and gender, were

extracted from the patient records. The study variables, includ-
ing carious lesions and the numbers of restored teeth, prosthe-
sis, and missing teeth, were obtained through a careful

examination of the digital panoramic radiographs (OPGs)
(Fig. 1) by three calibrated dental interns, and reliability was
checked by two radiologists who reviewed the data. The kappa

statistics was found to be 0.74.
The inclusion criteria for the study sample were as follows:

(1) all the needed demographical data are available in the

records and (2) availability of OPGs. The exclusion criterion
was (1) patients visiting the clinics other than for restoration
and prosthodontics. The type of DM was not considered,
and both types 1 and 2 diabetes were included in the study.

The teeth having any of the above findings were noted accord-
ing to the universal tooth numbering system.

In the first phase, the patient records were reviewed to

obtain their health status and demographical data. Afterward,
the patients’ OPGs were screened to find the numbers of cari-
ous lesions, restored teeth, prosthesis [crowns and fixed partial

dentures (FPD)], and missing teeth. Variation in the frequency
of restored and missing teeth were analyzed with the demo-
graphic variables for the diabetic and non-diabetic patients,

respectively. The percentage of the prevalence of the variables
among the diabetic and non-diabetic patients was calculated to
help assess the oral health status of the sample. Statistical sig-
nificance was computed by comparing the average numbers of

carious lesions, restored teeth, prosthesis, and missing teeth
among the diabetic and non-diabetic patients with the gender
of the patients using two independent samples T-test to check

the hypothesis that diabetic patients have a higher prevalence

http://creativecommons.org/licenses/by-nc-nd/4.0/


Illustration of data extraction process from OPGs

Carious lesion criteria 

Restored teeth criteria 

Crown teeth criteria 

FPD teeth criteria 

Obtained patients’ file numbers from data 
base

Carious, restored, crown & FPD teeth were 
screened 

Bright radiopaque area encircling the crown 
of the tooth was determined as a crown.

Radiolucent areas in the crown of the tooth
was determined as carious lesion.

Radiopaque areas with higher contrast than 
dentine/enamel was determined as restored 

tooth.

No. of carious, restored, crown & FPD were
noted in four different columns in SPSS data 

file.

Bright radiopaque area encircling two or 
more teeth adjacent to each other was 

determined as an FPD.

Fig. 1 Illustration of data extraction process from OPGs.
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of dental problems than non-diabetic patients. Analysis of
variance was used to assess the significance between the
patients’ age and the independent variables. P-value was set

to 0.05. An insignificant p-value was obtained when the nor-
mality of the data was tested by the Shapiro–Wilk test, which
provided the reason to execute all statistics through the para-

metric tests.
3. Results

A total of 1196 patient records and OPGs were reviewed to
extract the data. As 10 (0.8%) patient records did not have

the necessary information, the total number of patient records
included in the analysis was reduced to 1186. The mean age of
the patients was 40.96 (±16.29), and it varied from 13 to
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109 years, with the majority being 26–55 years old (57%). The
sample comprised of 751 (63.3%) female patients and 435
(36.7%) male patients.

3.1. Prevalence of DM according to gender and age

Among the 1186 patients, 192 (16.2%) had DM and 994

(83.8%) were non-diabetics. A significantly high proportion
of male patients (23.6%) suffered from DM compared with
the females (12.6%) (P < 0.001). Overall, the prevalence of

DM was higher among patients who were 56–70 years old
(47.5%; 97 out 204), followed by the age group of above
70 years (31.6%; 12 out of 38).

3.2. Prevalence of missing, carious, and restored teeth according

to gender

The study sample groups were compared according to gender

with the prevalence of missing teeth, carious lesions, and
restored teeth. The male patients had a significantly higher
number of missing teeth than the females (P < 0.001)

(Table 2). The average number of restored teeth was 3.2
(3.3%) for the female patients and 2.6 (2.96%) for the male
patients, with a statistically significant difference (P = 0.002).

3.3. Prevalence of missing, carious, and restored teeth according

to age

The average number of missing teeth showed an increasing
trend with age (Fig. 2) (P < 0.001). Statistically, the number
of restored teeth and crowns was significantly higher in the
age range of 26–55 years (P < 0.001 and P = 0.003,

respectively).

3.4. Prevalence of missing, carious, and restored teeth according
to diabetic status

On average, the patients had 6.4 (±7.8) missing teeth, 2.68
(±3.4) carious lesions, 2.99 (±3.2) restored teeth, 0.45

(±1.2) crowns, and 0.89 (±2.7) FPDs. The average numbers
of FPDs and missing teeth were significantly higher among
the diabetic patients than the non-diabetic patients
(P < 0.001). Similarly, the average numbers of carious lesions

and restored teeth were higher among the non-diabetic
patients, but significance was only found in the number of
restored teeth (P < 0.001) (Table 1).
Table 1 Oral health difference among diabetic and non-diabetic pa

Carious Lesion No. of Restored Teeth

Mean(SD) Mean(SD)

Diabetic 2.6(3.4) 2.2(2.5)

Non-Diabetic 2.8(3.3) 3.2(3.3)

P-value 0.051 <0.001*

* Significant difference in p-value.
4. Discussion

The burden of DM is increasing, and its incidence and preva-
lence are expected to increase from 415 million in 2015 to 642

million in 2040 (Ogurtsova et al., 2017). The disease has two
main types, namely type 1 and type 2, with type 2 constituting
the majority of the disease prevalence (Forouhi and Wareham,

2010). The results showed a higher prevalence of DM among
the male and older age patients compared with the female
and younger age patients. Several risk factors contribute to
the higher disease prevalence in older age such as menopause

(Guo et al., 2019). Oral manifestations, such as periodontal
diseases, dental caries, xerostomia, teeth loss, and delayed
wound healing, can be observed in diabetic patients (Mauri-

Obradors et al., 2015; Neidell et al., 2017). To the best of
our knowledge, this study is the first assessing the correlation
between DM and multiple oral findings through a retrograde

radiographic evaluation.
Teeth loss is a global public health concern (Wiener et al.,

2017). Multiple factors, such as race, age, and DM, can lead

to teeth loss (Luo et al., 2015). In the present study, a signifi-
cant difference was found in the number of missing teeth
(P < 0.001) between the diabetic and non-diabetic patients.
The male patients had significantly more missing teeth

(P < 0.001) than the female patients. The results of this study
are in agreement with those of other research, indicating that a
higher number of missing teeth can be observed in diabetic

patients (Wiener et al., 2017; Yoo et al., 2019).
Dental caries and DM have a complex relationship, which

is a matter of controversy (Taylor et al., 2004; Latti et al.,

2018). In a previous study, diabetic patients showed to have
an increased number of Streptococcus mutans, which are the
main bacteria responsible for dental caries, thus indicating that

patients with DM are at higher risk of developing dental caries
(Taylor et al., 2005). However, in the present study, no signif-
icant difference was observed in dental caries between the dia-
betic and non-diabetic patients (P < 0.05). This result can be

attributed to the number of missing teeth in diabetic patients
compared with the non-diabetic. As the diabetic patients had
a higher number of missing teeth, the prevalence of dental car-

ies was not significantly high because the number of remaining
teeth to be affected by caries was less in the diabetic patients
than in the non-diabetic patients. Many factors may influence

dental caries, such as poor oral hygiene practices, diet, and sal-
iva, which are the more significant factors in developing dental
caries (BolguÈl et al., 2004). According to BolguÈl et al.
(2004), well- or moderately controlled diabetic patients have
tients.

Crowns FPD Missing Teeth

Mean(SD) Mean(SD) Mean(SD)

0.27(0.96) 1.5(3.5) 12.04(10.0)

0.49(1.2) 0.77(2.5) 5.2(6.6)

0.015* <0.001* <0.001*



Table 2 Distribution of factors according to patients’ gender.

Carious Lesion No. of Restored Teeth Crowns FPD Missing Teeth

Mean(SD) Mean(SD) Mean(SD) Mean(SD) Mean(SD)

Male 2.6(3.4) 2.6(2.96) 0.37(1.1) 0.97(2.7) 8.1(9.0)

Female 2.7(3.3) 3.2(3.3) 0.5(1.2) 0.84(2.7) 5.5(6.8)

P-Value 0.68 0.002* 0.087 0.43 <0.001*

* Significant difference in p-value.
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Fig. 2 Trend of evaluating variables of the study sample

according to their age.
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a significantly lower incidence of caries than poorly controlled
diabetic patients.

Conversely, in the present study, the non-diabetic patients
had a significantly higher number of restored teeth
(P < 0.001) than the diabetic patients. The highest number

of restored teeth was found in the female patients. One study
compared the DMFT in the female and male patients with
their dental visits and found that the females had an average

of 2.4 filled teeth compared with 1.7 in the males. In both
groups, the patients who came for general treatment clinics
showed a higher number of filled teeth, and those who
attended emergency treatment clinics had a higher number of

root canal treatments and extractions (Abduallah, 2013).
Regardless of the number of restored teeth, some researchers
compared composite restorations between diabetic and non-

diabetic patients and found that composite restorations were
biocompatible in both groups (Nassar et al., 2012)

This study did not compare the periodontal problems

between the diabetic and non-diabetic patients, and this is
one of the study limitations. As this work is a single-center
study, the inclusion of various dental colleges can help to gen-
eralize the results more effectively.

5. Conclusion

The average tooth loss among diabetic patients demands

urgent care and patient guidance, so that patients can maintain
adequate oral health. Otherwise, they will have to bear the cost
and consequence of extractions. This can lead to a greater need

for removable and fixed dental prosthesis, which can be a bur-
den on the patients socially and economically. Based on the
results of this study, the following can be concluded:
– DM significantly affected the patients’ oral health status.
– The numbers of missing teeth and fixed dental prostheses
were significantly higher in the diabetic patients than in

the non-diabetic patients.
– The diabetic patients had significantly lower numbers of
restored teeth and carious lesions because of their signifi-

cant tooth loss.
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