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Prevalence and Factors Associated with DMFT and Periodontitis in Type 2
Diabetes Mellitus Patients in the Gaza Strip, Palestine

Abstract

Background: Diabetes mellitus (DM) is a major public health problem that badly affects oral health and
overall quality of life. This study aimed to examine oral health problems and associated factors of type 2
DM patients attending governmental primary health centers (PHCs) in the Gaza strip, Palestine. Methods:
A cross-sectional study was applied to 376 patients with type 2 DM selected through systematic random
sampling from five randomly selected governmental PHCs. The World Health Organization Decayed,
Missing and Filling Tooth (DMFT) index and semistructured questionnaire were used to collect data
accordingly. Descriptive and analytical analyses were applied using the using the IBM SPSS for windows
version 23, IBM, USA software. Results: The mean DMFT index is 13.18 + 6.39, and it is higher among
patients having type 2 DM for more than 10 years and with a history of chronic diseases. The mean teeth
with loss of attachment are 1.88 + 0.76 and are higher among males, exsmokers, patients having type 2
DM for more than 10 years, and those with a history of chronic diseases. Gingival bleeding is higher
among males and exsmokers. The majority of participants had no periodontitis (160/376; 42.6%). In return,
8.5% (32/376) presents with severe periodontitis. The mean of pocket is higher among patients having
uncontrolled DM and type 2 DM <10 years. Conclusions: Patients with type 2 DM suffer from many
oral health problems, especially dental caries, periodontitis and loss of attachment. The findings underscore
the significance of early intervention and consistent dental care for people with type 2 DM in order to
avert and handle oral health complications. Oral health education campaigns that are effective should be
customized to meet the particular cultural, socioeconomic, and healthcare challenges.
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Introduction

It is one of the most common
noncommunicable diseases and a significant
public health issue, diabetes mellitus (DM)
affects around 8.5% of people globally and
has serious repercussions.!'! It is a metabolic
disease caused by either resistance to
the effects of insulin or a lack of insulin
production.””! It is primarily divided into
two types: type 1 and type 2, with the latter
being the most common (>87% of cases),
which is also the situation in Palestine.
Before the development of effective
treatments, diabetes was often fatal, but
today, its long-term complications remain
common.

According to reports, 50% of patients
who go misdiagnosed run the danger
of developing major issues that could
impact their social,’}  psychological,
and physical well-being.”! One example
of these problems is oral diseases. There
is proof that DM alters the mouth cavity
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in a harmful way. Although the list is
lengthy, it is primarily caused by dental
caries, xerostomia (dry mouth), fungal
infection, bone loss, and periodontitis.!
Although many oral alterations are thought
to be early indicators of diabetes, they
are not pathognomonic.’”’ Since most DM
patients go undetected, dentists can play a
significant role in the early detection of the
disease by identifying these symptoms.

There is a connection between DM and oral
complications. It has been demonstrated
that individuals with type 2 DM (T2DM)
experience a variety of oral complications,
particularly xerostomia, dental caries, tooth
loss, and periodontitis, as well as severe
fungal and bacterial infections. A number
of studies confirmed the relationship
between low quality of life and poor oral
health status.”?  Bacterial colonization
on tooth surfaces is what leads to dental
caries. Patients with T2DM have a higher
susceptibility to oral infections that cause
tooth decay and loss. Bissong et al. found
that the prevalence of dental caries was
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greater among individuals with T2DM.®! The connection
between diabetes and the development of dental caries
remains uncertain. However, it is hypothesized that
the glucose leaked into the oral cavity facilitates. The
proliferation of aciduric and acidogenic bacteria led to the
development of dental caries.”’ Diabetes patients exhibited
a significantly elevated Decayed, Missing and Filling
Tooth (DMFT) index.!'” Through the DMF-S, research by
Ribeiro et al. found that individuals with T2DM exhibited
dental caries rates that were significantly elevated (relative
risk [RR] =1.37; 95% CI = 1.09-1.71).0"0

Periodontitis is a class of diseases that impacts the gingiva,
periodontal ligaments, cementum, and alveolar bone, which
together form the supportive structure for the teeth. If not
treated, chronic periodontitis can lead to irreversible tooth
and bone loss. A number of studies have investigated
how DM affects periodontal tissue and have identified a
connection between the two. There is a genuine two-way
connection between diabetes and periodontitis. given
the strong evidence that hyperglycemia adversely affects
oral health via the overproduction of advanced glycation
end products (AGE),['” and that severe periodontitis can
hinder glycemic control Dental caries are caused by the
destruction of dental hard tissue from acidic and proteolytic
substances, a process that is further compounded by
diabetes mellitus."!

Research carried out by Preshaw et al. demonstrated that
periodontitis influences glycemic status in patients with
T2DM in both directions.''¥! For diabetic patients with
poor glycemic control, the risk of periodontitis rises.["]
It has also been reported that certain factors, including
smoking, inadequate oral hygiene, and prolonged diabetes
duration, increase the susceptibility of T2DM patients to
periodontitis.['”] 68% of diabetic patients exhibited moderate
periodontitis, as indicated by the Picture of Periodontal
status index >4.''l DM patients have a threefold increase
in periodontitis risk compared to nondiabetics. However,
this risk is significantly reduced among individuals with
controlled T2DM.!I'"! Nascimento et al. discovered in their
meta-analysis of prospective cohort studies that the risk of
periodontitis advancement for patients with diabetes was
86% higher (RR = 1.86; 95% CI = 1.3-2.8).I'8]

The prevalence of DM in the Gaza Strip is 6.3% in the
general population aged 18 and 60, and the incidence
is 149.4 per 100,000 inhabitants."” The Ministry of
Health (MoH) and the United Nations Relief and Works
Agency for Palestine Refugees (UNRWA) for registered
refugees provide most of the primary healthcare in the
Palestinian health system, including diabetes care, dental
care, and school health. In the Gaza Strip, there are
difficulties in accessing dental care, stemming from a
lack of medical supplies, dentists, and modern equipment.
Furthermore, the economic circumstances in the Gaza
Strip are difficult; more than half of Gaza’s population
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lives below the poverty line, and a considerable portion
of households find it difficult to satisfy their fundamental
requirements, such as food and medical care, which leads
them to depend on humanitarian assistance. This implies
that oral health issues in diabetic patients might remain
unaddressed or poorly managed, thereby exacerbating their
overall health and diabetes regulation.

There aren’t many studies on type 2 diabetes’ oral health in
the Gaza Strip.*” This study, which concentrated on patients
who visited UNRWA health centers, revealed that they had
a high DMFT index and were ignorant of the consequences
diabetes had on the mouth. There is no information on
patients who visit MoH health centers. The ministry’s yearly
reports contain the information that is currently available
regarding dental care and patient volume; however, there
is a lack of accurate and comprehensive data regarding the
oral health status of patients with type 2 DM. Thus, the
purpose of this study was to assess the oral health condition
of individuals with type 2 DM who were attending primary
health clinics (PHCs) of the MoH. This included gingival
bleeding, loss of attachment, dental caries and missing, and
periodontitis. It is crucial to study the oral health problems
in the Gaza Strip to gain a better understanding of local
health challenges, enhance healthcare interventions,
prevent complications, and improve the quality of life for
individuals affected by diabetes.

Materials and Methods
Study design and setting

Patients who attended governmental PHCs and had
type 2 DM participated in a facility-based cross-sectional
study. Fifty-two PHCs are distributed throughout five
governorates in Gaza and are run by the MoH. Five PHCs
offering dental services were chosen at random, with one
PHC serving as a governorate representative. These PHCs
are Beit Lahia Martyrs in the north, Al-Remal Martyrs
Health Center in Gaza city, Der-Albalh Martyrs clinic in
the middle, Khanyounes Martyrs Clinic and Rafah Martyrs
Clinic in the south.

Study period and populations

Data for the study was gathered over the course of six
months between 2021 and 2022. Patients with type 2
DM who visited government PHCs are included in the
study population. MoH reported that there are 66,209
DM patients overall registered with MoH and UNRWA
databases.!"” For patients over the ages of 18, 40, and 60,
the prevalence is 6.3%, 17.6%, and 49%, respectively.
The overall registered number of type 2 DM patients is
11088 patients in governmental PHCs distributed in the five
governorates: 1389, 5949, 918, 2173, and 689 in the north,
Gaza, middle area, Khanyounes, and Rafah governorates,
respectively.
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Inclusion criteria

» Patients should have had a type 2 DM diagnosis for at
least 5 years

* Participants ought to be helpful

» Participants must be older than forty

* At least 20 teeth should be present in each participant’s
oral cavity.

Exclusion criteria

» People without any teeth in their mouths

* Elderly people with Alzheimer’s disease or who are
mute

» Patients who experienced trauma or an accident and lost
their teeth accordingly.

Sample size and sampling process

The online SurveyMonkey website, which can be accessed at
https://www.surveymonkey.com/mp/sample-size-calculator/,
was used to determine the sample size. The sample was
determined with 95% confidence interval and 5% margin
of error. We used the most recent MoH report from 2021,
which indicated that the prevalence of type 2 diabetes is
17.6%, meaning that there were roughly 11088 people
over the age of 40.1'" Three hundred seventy-two patients
should be included, according to the sample calculation.
A two-phase sampling strategy was followed. In the first
phase, one PHC is chosen at random from each governorate
out of five governorates. In the second phase, participants
are chosen at random which comes after proportionating
stratified systematic sampling. Numbers of T2DM patients
registered in each governorate were determined and then
were proportionally selected. With 48 from the north, 199
from Gaza, 31 from the middle zone, and 73 and 25 from
Khanyounes and Rafah, respectively, the sample size was
evenly split among the five governorates. The distribution
percentages are 12.5%, 53.5%, 8.25%, 19.5%, and 6.2%, in
that order. A list of the patients, both male and female, from
each of the study’s participating health centers was then
created. The K" interval is 30.

Data collection tools

A semistructured questionnaire and a clinical examination
were used to gather data during the day shift.
Sociodemographic (age, marital status, income, education
level, etc.) and clinical (duration of DM, presence of
chronic diseases, presence of oral diseases, last HbAlc
reading, etc.) variables made up the first two sections of
the questionnaire. The clinical examiner was blinded from
patients, and the selection of participants was made by
the head nurse of the selected PHCs who was involved in
the study to collect data on sociodemographic and clinical
variables.

Patients were invited to sit in a dental chair for clinical
examinations, and mirrors and probes were utilized
accordingly. A mirror and a probe were used to find
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decaying, missing, and filled teeth using the DMFT index.
The DFMT index sheet used for the dental examination
has the following coding: Dental caries is represented by
the letter “D” and has code [1]. “F” accepts code [2,3,6]
and represents filling teeth. Taking code [4,5], “M” denotes
missing teeth.

The bleeding on probing, probing pocket depth, and loss
of attachment were measured using the WHO community
periodontal index (CPI) to examine periodontitis. To
determine whether a bleeding response was present or
not, the tip of the WHO CPI probe was gently inserted
between the gingiva and each tooth in the mouth. No more
than 20g of sensing force was applied. The ball tip of the
probe followed the tooth root’s surface anatomically when
it was implanted. The entire extent of the gingival sulcus
or pocket was examined after the probe tip was carefully
placed. The probe was carefully advanced down the buccal
sulcus/pocket to the mesial surface of the second molar,
making brief upward and downward motions. Starting
with the distolingual aspect of the second molar, a similar
process was performed for lingual surfaces.

Each tooth’s probing pocket depth is scored on a 6-point
scale, and the number of bleeding seconds after probing is
recorded.

The CPI consists of measuring six sites on each
tooth (usually the mesial, midline, and distal areas on both
the buccal and lingual surfaces). For measurement purposes,
at least two teeth from each quadrant of the mouth (upper
right and left, lower right and left), one anterior and one
posterior, are usually selected. Typically, the molar or first
incisor is used. The WHO CPI probe is inserted gently into
the gingival sulcus (the space between the tooth and the
gum), making sure it adheres to the natural contour of the
tooth.

The WHO CPI probe will show the pocket depth by the

location of the colored bands:

* 0-3.5 mm: If the probe reaches the first colored
band (3.5 mm), this is considered a healthy pocket (no
sign of disease)

* >3.5 mm: Measure deeper into the pocket, noting if
the probe reaches 5.5 mm or 8.5 mm (which indicates
periodontitis).

It is normal to experience loss of attachment if it
measures 0-3 mm and 4-5 mm at the cemento-enamel
junction (CEJ) within the black band. Considering that
it measures 6—8 mm CEJ between the upper limit of the
black band and the 8.5 mm ring, it could also be mild.
The loss of attachment is classified as moderate or severe
based on the CEJ measurements: it is 9—11 mm within the
8.5 mm to 11.5 mm ring and 12 mm or more beyond the
11.5 mm ring. The presence or absence of pockets and loss
of attachment!®"! was examined using teeth 16, 17, 11, 26,
27, 36, 37, 31, 46, and 47.


https://www.surveymonkey.com/mp/sample-size-calculator/
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Ethical considerations

The Helsinki Committee of the Palestinian Health Research
Council provided ethical approval (PHRC/HC/858/21).
Additionally, the MoHs general office of human resources
granted permission to carry out the study in its PHCs (No:
686500). Patients received information on the goals of the
trial. Confidentiality, anonymity, and voluntary involvement
were all guaranteed. Before completing the questionnaire,
patients were requested to sign the attached consent form.

Data analysis

Data analysis was conducted using version 22 of the
Statistical Package for Social Sciences. Data were
examined for missing and extreme values before analysis.
The descriptive analysis method was used. For the
continuous variables of DMFT, periodontitis, and certain
clinical parameters, mean =+ standard deviation and
median + standard errors were used. Frequencies and
percentages were used to display categorical variables.
Because of its non-normal distribution, the DMFT was
analyzed using the Mann—Whitney U test. ANOVA and
t-test analysis were used to compare DMFT, periodontitis,
loss of attachment, and gingival bleeding with independent
variables (sociodemographic and clinical variables). The
statistical significance was set at P < .05.

Results
Characteristics of participated patients

Three hundred seventy-six individuals with type 2 DM
took part in the study. The participants’ mean age is
57.8 + 8.76 years. Males make up 44.9% of the sample.
Patients under the age of 55 and those over 65 make up
at least one-fifth of each of the five age groups. Most
participants (93.6%) completed formal education, with
17.3% and 27.7% attending preparatory and elementary
schools, respectively. Nearly three-quarters do not
smoke (77.7%), and 85.2% have at least six children.
In return, 10.4% are exsmokers, and the average daily
cigarette consumption is 11.45 + 8.28 cigarettes. The
majority of participants live below the severe poverty
line (83.5%) and are unemployed (72.9%) at the time of
data collection [Table 1].

Type 2 DM mean duration is 10.99 + 6.61 years. Nearly
two-thirds (64.2%) have had diabetes for <10 years.
Additionally, 12.8% use insulin, 17% use a combination of
insulin injection and oral hypoglycemic medicines, and two
thirds (65.4%) are receiving therapy with oral hypoglycemic
agents. The mean HbAlc is 8.11% =+1.84%, and about
one-fifth of people have controlled diabetes (HbAlc <7%).
Yet, in addition to type 2 DM, two-thirds of individuals
suffer from other chronic conditions, primarily
hypertension (43.9%) and hypertension with heart
disease (10.9%). Of those with type 2 DM, half (49.5%)
have a family history of oral problems. In the past
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Table 1: Sociodemographic characteristics of the
participants (n=376)

Variables Frequency Percentage Mean+SD

Age group (years) 57.86+8.76
50 or less 84 223
51-55 69 18.4
56-60 75 19.9
61-65 70 18.6
More than 65 78 20.7

Residency
North Gaza 48 12.8
Gaza city 199 52.9
Middle zone 31 8.2
Khan Younis 73 19.4
Rafah 25 6.6

Level of education
[literate 24 6.4
Up to elementary school 65 17.3
Up to preparatory school 104 27.7
Up to secondary school 113 30.1
University and above 70 18.6

Marital status
Unmarried 62 16.5
Married 314 83.5

Income
Under poverty 314 83.5
line (<1974 NIS)

Above poverty 62 16.5
line (=1974 NIS)

Number of family members 1.71£0.76
5 or less 102 27.1
6-10 219 58.2
More than 10 55 14.6

Working status
Working 102 27.1
Not working 274 72.9

SD=Standard deviation

12 months, the majority of individuals (79.8%) reported
oral manifestations, and 56.6% attended dental clinics as a
result. Participants frequently reported tooth decay (58.2%)
and tooth loss (53.2%) as oral symptoms. Problems with
teeth, gums, or mouths account for most visits to dental
clinics (57.2%) [Table 2].

Dental status

The mean of DMFT is 13.18 + 6.39. The average number
of decayed teeth is 5.74 + 4.49, whereas the average
number of teeth that have been lost because of caries is
5.22 + 4.20, and the average number of teeth that have
been lost because of various causes other than caries is
0.78 + 2.12. Furthermore, it appears that there are very few
caries-filled teeth on average (0.55 + 1.15) [Table 3]. As
people aged, the mean DFMT rose (P < .05) [Figure 1].

Regarding gingival bleeding, the median score for
82 (21.8%) patients was 5.12 + 0.34. The median
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Table 2: Clinical characteristics of the participants (n=376)

Variables Frequency Percentage Mean+SD
Having medical insurance
Yes 367 97.6
No 9 2.4
Duration of DM (years) 10.9946.61
10 or less 241 64.1
More than 10 135 359
Receiving education about oral care
Yes 298 79.3
No 78 20.7
Last reading of FBS (mg/dl) 185.9+61.33
<140 156 41.5
>140 220 58.5
HbAlc (%) 8.11%+1.84%
<7 169 38
>7 207 62
Presence of other chronic diseases
No 236 62.8
Yes 140 37.2
If yes, specify
Hypertension 165 439
Hypertension, heart disease 16 43
Heart disease 4 1.1
Arthritis 4 1.1
Hypertension, asthma 1 0.3
Arthritis, hypertension 1 0.3
Hypertension, cancer 1 0.3
Hypertension, kidney disease 2 0.5
Osteoporosis 6 1.6
Suffering from oral diseases in the last year
Yes 300 79.8
No 76 20.2
Among yes reporting to have oral diseases in the last year
Tooth mobility 86 22.9
Tooth loss 290 77.1
Tooth decay 200 53.2
Tooth sensitivity 157 41.8
Gum bleeding 112 29.8
Bacterial infection 88 234
Fungal infection 56 14.9
Mouth ulcers 39 10.4
Visiting dental clinic last year
Yes 213 56.6
No 163 434
If yes, why
Consultation/advice 42 11.2
Pain or trouble with teeth, gums or mouth 135 359
Treatment, follow-up treatment 35 9.3
Routine check-up/assessment 21 5.6
Don’t know/don’t remember 33 8.8
Total 376 100.0

SD=Standard deviation, FBS=Fasting blood sugar, DM=Diabetes mellitus

periodontal pocket size is 3.97 + 0.28 in 58 out of
376 patients (15.4%). The median teeth that have loss of

International Journal of Preventive Medicine 2025, 16: 44

attachment is 1.88 + 0.04. Of the subjects, 23.2% (87/376)

exhibit severe loss of attachment,

while 32.4%

and
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Table 3: Distribution of the study participants according
to dentition status (n=376)

Crown Sum Mean Median SD
0=Sound 5719 15.21 15 6.63
1=Caries 2158 5.74 5 4.49
2=Filled w/caries 205  0.55 0 1.15
3=Filled, no caries 340 0.9 0 1.47
4=Missing due to caries 1959 522 4 4.2
5=Missing for any another reason 295  0.78 0 2.12
6=Fissure sealant 0 0 0 0
7=Fixed dental prosthesis/crown 1118 2.97 0 4.66
abutment, veneer, implant

8=Unerupted 131  0.35 0 0.97
9=Not recorded 107 0.28 0 0.94

SD=Standard deviation

Table 4: Distribution of the study population according
to periodontal status (n=376)

Periodontal status n Percentage Mean+SD
Gingival bleeding
Yes 82 21.8 5.12+6.65
No 294 78.2
Pocket
Yes 58 154 3.97+5.43
No 318 84.6
Loss attachment
0_3 mm 122 324 1.88+0.76
4 5mm 167 44.4
6_8 mm 60 16.0
9 11 mm 18 4.8
12 mm or more 9 2.4
Total 376 100.0

SD=Standard deviation

44.4% exhibit mild and moderate loss of attachment,
respectively [Table 4].

Many participants (160/376; 42.6%) do not have
periodontitis. In return, mild periodontitis, moderate
periodontitis, and severe periodontitis are present in 27.4%,
21.5%, and 8.5% of individuals, respectively.

Inferential analysis

Males and former smokers have greater mean
DMFTs (P < .05). Although they are not statistically
significant (P > 0.05), patients who are illiterate, have a
family size greater than 10, and reside below the poverty
line are found to have higher DMFT [Table 5].

Gender and smoking status are significantly correlated
with gingival bleeding (P < .05). Males are more likely
than females to have bleeding on average (6.22 + 7.44
and 4.22 + 5.79, respectively). Gingival bleeding is more
common in patients who are illiterate, between the ages
of 56 and 60, have a family size of fewer than five, and
live below the poverty line; however, this difference is not
statistically significant (P > .05).
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More than 65 years | 14.33
61-65 years | 13.07
56-60 years | 13.67

50 years or less | 11.99

00 20 40 60 80 100 120 140 16.0

Figure 1: Distribution of decayed, missing, and filling tooth according to age

Smoking status is significantly significant when it comes
to pocket presence (P < .05). The mean pocket size is
greater for exsmokers (7.92 + 7.68). However, it is not
statistically significant (P > .05) that patients who are male,
between the ages of 61 and 65, unemployed, and below
the poverty line had bigger mean pockets. Furthermore,
there are notable distinctions in the prevalence of loss
of attachment between smoking status, gender, and the
number of family members (P < .05). Males (2.52 + 2.13),
smokers (2.44 + 2.06), and families with fewer than five
individuals (2.47 £+ 2.23) have the highest mean loss of
attachment. In return, illiterate patients over 65 and who are
below the poverty line have higher rates of attachment loss
than patients in other groups; nevertheless, the difference is
not statistically significant (P > .05) [Table 6].

Patients who have had type 2 DM for more than 10 years
have higher mean DMFT, gingival bleeding, and loss
of attachment, while those who have had the disease
for < 10 years have higher mean pocket (P < .05). Similar
results are observed for controlled diabetes (HbAlc > 7%);
nevertheless, gingival bleeding and loss of attachment are
statistically significant (P < .05) [Table 7].

Although it is not significant, the mean DMFT is higher among
individuals who reported having chronic conditions than those
who did not (13.3 £ 6.2 vs. 12.9 £ 6.6). The mean of gingival
bleeding, periodontal pocket, and loss of attachment is seen to
be high among patients with no history of chronic diseases;
however, it is not statistically significant (P < .05).

Discussion

Many studies examined the oral symptoms in relation to
type 2 DM including dental carries, gingivitis, periodontitis,
salivary dysfunction, changed taste, oral mucosal disorders,
and infections.”?% In this study, we assessed DMFT,
missing teeth, gingival bleeding, loss of attachment,
and periodontitis in patients with type 2 DM attended
governmental PHC:s.

The WHO has recognized oral health as one of the most
important public health concerns because of the impact
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Table 5: The mean differences of dentition status decayed, missing, and filling related to sociodemographic data
among study population (#=376)

Sociodemographic data (n=376) DMF (Maximum=32) Statistical test
Mean+SD DMFT P
DMFT t/F

Age group
<50 84 1007 11.99+7.21 1.516 0.197
51-55 69 892 12.93+6
56-60 75 1025 13.67+5.46
61-65 70 915 13.07+5.99
>65 78 1118 14.33+6.85

Gender
Male 169 2368 14.01+£6.58 2.268 0.024*
Female 207 2590 12.51+6.16

Residency
North Gaza 48 774 16.13+4.85 6.897 0.000%*
Gaza city 199 2663 13.38+6
Middle zone 31 383 12.35+5.89
Khan Younis 73 764 10.4747.1
Rafah 25 373 14.92+7.47

Smoker
Yes 45 637 14.16+6.25 4.844 0.008*
No 292 3703 12.68+6.31
Exsmoker 39 617 15.82+6.5

Level of education
Illiterate 24 383 15.96+4.26 1.961 0.100
Up to elementary school 65 841 12.94+6.31
Up to prepar. school 104 1422 13.67+5.64
Up to secondary school 113 1472 13.034£7.12
University and above 70 839 11.99+6.67

Marital status
Unmarried 62 774 12.48+6.4 —0.944 0.346
Married 314 4182 13.3246.39

Number of family member
<5 102 1278 12.53+6.79 1.047 0.352
6-10 219 2906 13.2746.23
>10 55 772 14.04+6.22

Working status
Working 102 1400 13.7346.23 1.004 0.316
Not working 274 3556 12.98+6.45

Income
Under deep poverty line (<1974 NIS) 314 1461 13.25+6.55 0.443 0.658
Above deep poverty line (1974 or more NIS) 62 797 12.85+5.52

*P<0.05, **P<0.001. SD=Standard deviation, DMFT=Decayed, Missing and Filling Tooth

it has on day-to-day living. The DMFT index has been
regarded as the most significant index for evaluating oral
and dental health globally for almost 70 years. In public
health epidemiological investigations, this measure is also
crucial. Patients with DM may exhibit oral symptoms,
including xerostomia, dental carries, periodontitis, and
delayed wound healing.[*?

We found that the mean DMFT index is
high (13.18 + 6.39). This outcome is higher than reports
from the West Bank (9 + 0.5)2 but lower than the
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results of local research carried out at UNRWA PHCs in
the Gaza Strip (18.6).17 Global findings reveal that they
are nearly identical to ours. Our findings revealed that
dental carries and missing teeth are also high. Using the
DMFS, Ribeiro et al. found significantly greater dental
caries among type 2 DM patients (RR = 1.37; 95%
CI = 1.09-1.71).'1 According to Simon et al., the mean
number of missing teeth in the US was 10.1 + 7.2.0¢
Hintao ef al. examined the number of decayed/filled root
surfaces and root surface carries in patients with type 2
DM and those without the disease.?* Individuals with
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Table 6: The mean differences in (periodontal status) bleeding, pockets, loss of attachment related to
sociodemographic data among study population (»=376)

Sociodemographic Bleeding on pocket Pocket Loss of attachment
data (n=376) Sum (Maximum=32) ¢#F P  (Maximum=32) ¢F P (Maximum=6) t'F P
Mean+SD Mean+SD Mean+SD
Age group
<50 84 146 4.245.74 0.755 0.555 3.95+5.76 0.986 0.562 1.74+2.09 1.332 0.258
51-55 69 142 5.62+7.18 3.06+4.99 2.06+2.07
56-60 75 158 5.714+6.62 4.03+5.04 2.11£1.98
61-65 70 157 4.71+6.15 4.89+5.87 2.2442.02
>65 78 191 5.45+7.52 3.9245.4 2.45+1.98
Gender
Male 169 426 6.2247.44 2.933 0.004* 4.41+5.48 1.413  0.159 2.52+2.13 3.576  0.000%*
Female 207 368 4.2245.79 3.61+5.38 1.78+1.9
Residency
North Gaza 48 174 9.35+5.8 41.547 0.000%*  0.06+0.43  20.894 0.000**  3.63+£2.25 11.318  0.000**
Gaza city 199 343 3.28+4.94 4.08+4.95 1.72+1.75
Middle zone 31 47 6.06+6.2 2.68+3.63 1.52+1.36
Khan Younis 73 156 3.03+5.79 4.4+6.1 2.14+2.33
Rafah 25 74 16.52+7.83 114+6.8 2.96+1.97
Smoker
Yes 45 110 6.67+7.78 2.993 0.050%* 3.584+4.31 12.202 0.000*%*  2.44+2.06 4448  0.012%*
No 292 571 4.45+5.96 3.545.02 1.96+2
Exsmoker 39 113 8.36+8.78 7.92+7.68 2.9+2.12
Level of education
Illiterate 24 66 8.13+7.79 1.404 0.232 3.92+4.87 1.584 0.178 2.75+£2.31 1.000  0.407
Up to elementary 65 126 4.78+6.37 3.86+5.32 1.9442.02
school
Up to preparatory 104 224 4.66+6.09 2.954+4.85 2.15+£2.09
school
Up to secondary 113 247 5.17+£6.83 4.73+6.23 2.19+2.12
school
University and 70 131 4.99+6.91 4.37+5.05 1.87+1.69
above
Marital status
Unmarried 62 136 3.74+5.7 —1.787 0.075 4.02+5.82 0.072  0.943 2.1942.12 0.346  0.729
Married 314 658 5.3946.8 3.96+5.37 2.1£2.02
Number of family
member
<5 102 376 5.3£7.35 0.078 0.925 5.22+6.43 2.923  0.061 2.47+2.23 4.102  0.017*
6-10 219 254 546.55 3.414+4.86 1.87+1.84
>10 55 164 5.22+45.7 3.89+5.31 1.86+1.89
Working status
Employed 102 669 6.15+7.09 1.838 0.067 3.5+4.96 —1.025 0.306 2.13+2.05 0.404  0.686
Not employed 274 125 4.734+6.45 4.1545.6 2.02+1.98
Income
Under deep 314 102 5.38+6.61 1.703  0.089 3.86£543  —0.890 0.374 274 2.69+2.26 3.386
poverty line
(<1974 NIS)
Above deep 62 274 3.81+6.73 4.53+5.45 520 1.9+1.9
poverty line
(>1974 NIS)

*P<0.05, **P<0.001. SD=Standard deviation
diabetes had a greater and substantial prevalence (40.0% diabetes had a greater rate of missing teeth, while the
vs. 18.5%, respectively). In their study using panoramic nondiabetic group had more carious lesions and replaced

radiography, Khan et al. revealed that patients with  teeth.*?
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Table 7: Distribution of decayed, missing, and filling tooth and periodontitis (bleeding, pocket, and loss of attachment)
related to duration of DM and HbA1c among study population (»=376)

Domains Duration DM (years) n Sum Mean SD t P

DMFT (maximum=32) 10 or less 241 3148 13.06 6.39 0.491 0.623
More than 10 135 1809 13.40 6.41

Bleeding (maximum=32) 10 or less 241 1153 4.78 6.53 1.298 0.195
More than 10 135 771 5.71 6.85

Poket-32 (maximum=32) 10 or less 241 961 3.99 5.44 —0.080 0.936
More than 10 135 532 3.94 5.44

Loss of attachment (maximum=6) 10 or less 241 496 2.06 2.03 0.682 0.496
More than 10 135 298 2.21 2.04

Domains Last reading (HbAlc) n Sum Mean SD t P

DMFT (maximum=32) <7% 143 1863 13.03 6.30 0.369 0.712
>7% 233 3094 13.28 6.46

Bleeding (maximum=32) <7% 143 596 4.17 5.92 2.179 0.030%*
>7% 233 1328 5.70 7.01

Pocket (maximum=32) <7% 143 579 4.05 5.63 -0.218 0.827
>7% 233 914 3.92 5.32

Loss of attachment (maximum=6) <7% 143 263 1.84 1.92 2.043 0.042*
>7% 233 531 2.28 2.09

*P<0.05. SD=Standard deviation, DMFT=Decayed, missing, and filling Tooth, DM=Diabetes mellitus

There is debate over the existence of dental caries in
diabetes individuals, and their relationship is complicated.
Several researchers have proposed mechanisms that link
DM to dental caries. These include metabolic control
of diabetes, a low-carbohydrate diet, increased protein
intake, increased salivary buffer capacity, delayed eruption
of permanent teeth, and decreased oral tooth exposure
time.[?>?%1 Generally, due to their obesity and consumption
of meals high in calories and carbohydrates, people with
type 2 DM are predicted to have more dental cavities. It
has also been noted that decreased salivary flow raises the
incidence of dental cavities.!®

However, according to some research in the literature, there
was no link between DM and dental cavities in studies
comparing the DM and control groups.?’?! In their study
of 70 people with diabetes and 74 people without the
disease, Blanco ef al. examined the mean numbers of caries
and found no difference between the two groups.*! Patients
without diabetes had a rate of 6.91, whereas those with
diabetes had a rate of 7.9%. According to Bharateesh ef al.,
the prevalence of dental caries was 13.6% in 300 patients
with diabetes and 13.6% in 300 patients without the
disease.l?”

The study found that a diet higher in protein and
lower in fermentable carbs was responsible for the
reduced occurrence of dental cavities in diabetic
patients.?”) According to Buysschaert et al., the group of
diabetes patients with well-managed blood sugar had a
lower caries rate than the control group.?”!

We found males have a greater mean DFMT than females,
although this difference is not statistically significant. The
study carried out at UNRWA PHCs in the Gaza Strip is in
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line with this.?®! This, however, contradicts Bonev et al.,
which demonstrated a statistically significant correlation
between the DMFT index and gender and that the DFMT
index of females was higher than that of males.”
According to Shaffer et al., sex differences in dental caries
are seen in various populations, with females generally
having more damaged teeth and a greater prevalence.P!
Factors such as variations in salivary composition and flow
rate, hormonal changes, diet, genetic differences, and
specific social roles within their family could play a role.
Systemic diseases identified as linked to DMFT have also
been found to be associated with gender differences. It has
not been demonstrated that prolonged exposure to the oral
cavity or a more cariogenic oral microflora contributes to a
higher prevalence in women.[!%22263% Further investigation
of these domains could elucidate their role, or absence
thereof, in the increased caries rate among men.

We found that DMFT was significant when education level
was low, which is consistent with the findings of Algedra
and Aljeesh.?” This is also in line with global studies.
People with less education may know less about food and
oral hygiene habits, and they are less likely to have access
to dental treatment. Furthermore, a high family size
increases the risk of dental complications. The majority of
participants lack access to preventive measures like dental
care and a healthy diet because they are low-income and
live below the poverty line. Higher family wealth and
educational attainment were associated with less severe
DMFT, according to Wang et al. Family income directly
influences material resources, which can then influence
clinical judgments and the capacity to pay for services.?**!

As people age, the severity of DMFT and periodontal
disease tends to increase. Since “time” is a key component

9
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in the development of the disease, this also implies that as
the duration of DM rises, the state of the teeth deteriorates,
which is consistent with the usual pathogenesis of dental
caries. This result is consistent with a study conducted in
the Gaza Strip.?” Age and the length of DM have indirect
impacts on dental health, which are mostly influenced by
human behavior in the arcas of nutrition limitation, oral
hygiene, diabetes management and control, and dental
hygiene.

Periodontitis and type 2 DM have been linked in both
directions; that is, periodontitis is linked to poor glucose
control in patients with diabetes type 2, and diabetes type 2
is linked to an increase in the incidence and progression of
periodontitis.*¥ There was a substantial correlation between
periodontitis and type 2 DM, according to cross-sectional
research. Prospective research confirmed that periodontitis
and type 2 DM increased each other’s occurrence and were
associated with the severity of the condition. Our results
are consistent with other research that found substantial
differences between type 2 DM and type 1 DM in terms of
probing depth and the presence of connection loss.’™ Our
study found that 58% of participants had periodontitis. This
is far less than the 91% prevalence rate of type 2 diabetes
indicated in international reports.’*3”! On the other hand,
because some studies only documented periodontitis when
CAL surpassed 3 or 4 mm, they have reported a lower
prevalence of periodontitis (13%) in exchange.*® Our study
found that 58% of participants had periodontitis.

Likewise, it was discovered that moderate and severe
periodontitis were more commont**33% unlike findings from
India."®! Discrepancy in prevalence could be caused by
variations in the definition and diagnosis of periodontitis,
participant ages, and sampling design techniques. To
determine the true incidence of periodontitis in the diabetic
population, the current study more accurately documented
even the slightest attachment loss.

In general, DM significantly contributes to periodontal
inflammation. It impairs the immune system’s ability
to function effectively which weakens the ability to
fight infections, including periodontal pathogens.
It also leads to increased levels of inflammatory
mediators such as interleukins (IL-1, IL-6), tumor
necrosis factor-alpha (TNF-a), and prostaglandins in
periodontal tissues. These proinflammatory cytokines
can promote the destruction of periodontal tissues. The
interaction of hyperglycemia with periodontal bacteria
like Porphyromonas gingivalis enhances the release of
these mediators. Moreover, it accelerates production of
AGE-products which later accumulate in periodontal
tissues, leading to the activation of inflammatory
pathways. !

Gender and the prevalence of periodontitis in people with
type 2 DM are significantly correlated. Our findings are
in line to studies conducted in Saudi Arabia, Korea and
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India,?*#*I but they differ from those conducted in Nepal,
and India.***! Compared to women, men were 68% more
likely to have periodontal disease.* Compared to females,
males typically practice oral hygiene in a less-than-ideal
manner. Compared to their female counterparts, male
participants who practice poor oral hygiene are more likely
to develop periodontal disease.™”! Other variables may
account for the reason why men exhibit a greater incidence
of periodontitis than their counterparts. To begin with, the
female hormones estrogen and progesterone are thought
to help protect against periodontitis. These hormones
adjust the immune response, lowering inflammation
and safeguarding the gums against infection. Loos and
Papapanou discovered that women are less prone to
developing severe periodontitis during periods of peak
female hormone levels, like during pregnancy.*! Secondly,
with aging, men may encounter a buildup of risk factors
for periodontitis, including the natural decline of immune
function and the rise of chronic conditions such as diabetes.
These age-related factors may exacerbate the impact of
other risk factors such as smoking or an unhealthy diet.*”

Among type 2 DM with low education, periodontitis was
more common. Participants with no formal education had
a six-fold higher risk of developing periodontal disease,
according to Alahmari et al.®* This also supports the
findings of Masriadi et al., who found that low level of
education was a risk factor for periodontitis.*®! People
with lower levels of education are more likely to earn
less income and be unable to pay for the typically
costly periodontal treatments, which raises their risk of
developing periodontitis. There have been reports linking
socioeconomic characteristics, such as poor social class and
primary education, to a higher frequency of periodontitis
in adults.™® This is in fact true given that 83.5% of the
participants in our study are below the poverty level.

According to this study, smoking and the prevalence of
periodontitis in people with type 2 DM are significantly
correlated. According to AlAhmari ef al., smokers are
2.1 times more likely than nonsmokers to develop
periodontitis.? It could be explained by how smoking
affects periodontal tissues both locally and systemically. In
addition to previous studies conducted,**>% our is consistent
with a study conducted in India.l*”!

Destructive  periodontitis  results from uncontrolled
diabetes’s most noticeable alterations, which include
weakened defenses and heightened vulnerability to
infections. People with diabetes have higher blood and
gingival fluid glucose content than people without the
disease. The elevated glucose levels in diabetic patients’
blood and gingival fluid may alter the microbiota’s
habitat, causing qualitative alterations in bacteria that may
exacerbate the severity of periodontitis seen in those with
poorly managed diabetes. In patients with poorly controlled
diabetes, the function of polymorphonuclear granulocytes
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and monocytes/macrophages is impaired, and as a result,
the primary defense against periodontal pathogens is
diminished, and bacterial proliferation is more likely to
occur.B

Smoking is linked to an increased risk of DMFT and
periodontitis. Although the exact relationship between
diabetes and tooth loss is unclear, it is crucial to determine
the potential contributions of additional variables,
including orthodontic procedures, injuries, prosthetics,
social, cultural, and economic issues.’? According to
reports, the following are the main factors that lead to
the development of periodontitis in diabetic patients: (1)
infections in diabetic patients as a result of immunological
changes; (2) a nonenzymatic process that produces AGE
products that increase the secretion of IL-1 and TNF-q; (3)
the presence of gram-negative anaerobic bacteria (such as
Actinobacilus actinomycetemcomitans); (4) changes in the
microcirculatory blood flow in periodontal tissues; and (5)
additional socioeconomic and clinical related factors actors
like age, gender, income level, and not least metabolic
control.B’!3

The variability in periodontitis prevalence across studies
is significantly influenced by sociodemographic factors,
including age, gender, socioeconomic status, ethnicity,
education level, occupation, and geographic location.
Variations in these elements can result in inconsistencies in
reported rates, as they affect oral health behaviors, access
to care, and exposure to risk factors.

To sum up, those suffering from type 2 DM endure a variety
of oral health issues, particularly dental caries, periodontitis,
and loss of attachment. The findings underscore the
significance of early intervention and consistent dental care
for people with type 2 DM in order to avert and handle oral
health complications. Oral health education campaigns that
are effective should be customized to meet the particular
cultural, socioeconomic, and healthcare challenges. Some
potentially effective strategies include targeted awareness
campaigns, screening programs for diabetes and oral health,
educational workshops and seminars, behavioral change
approaches, and interdisciplinary care.

There were certain limitations to this study. The
cross-sectional study which limits the causal relationship
between variables. The best design for this study would
have been a case-control approach. In return, using the
WHO assessment tool considers a strength for this study.
The study employed randomization of the sample, and
the study participants represented the whole geographical
arcas of the Gaza strip; therefore, findings could be
generalized to patients with T2DM who meet the inclusion
criteria.

In conclusion, Diabetes mellitus, particularly type 2, is a
significant public health concern in the Gaza Strip, where
it is closely linked to various oral health complications
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such as dental caries, periodontitis, and tooth loss. These
complications not only affect patients' oral well-being
but also contribute to the worsening of glycemic control,
creating a detrimental cycle of poor health outcomes.

Policy implications

1. Integrate oral health into diabetes management
programs: oral health screening and preventive care should
be a routine part of diabetes management protocols in
primary health centers. Develop integrated care pathways
that include both medical and dental check-ups.

2. Implement targeted oral Health education and
awareness campaigns: launch culturally appropriate
educational campaigns to raise awareness among diabetic
patients about the link between diabetes and oral health.
Use visual materials, workshops, and digital platforms
tailored to different literacy levels.

3. Train primary healthcare providers on oral-systemic
health connections: develop and include oral-systemic
health modules in training curricula for doctors, nurses.
Provide training on oral health risk assessments for
diabetic patients.

4. Prioritize high-risk groups for intervention: develop
screening and outreach programs targeting high-risk
groups, such as mobile dental units or periodic dental
camps in underserved areas

5. Strengthen health information systems to monitor oral
health in diabetic patients: include oral health indicators
in national health surveillance systems for diabetes.
Encourage consistent data collection and reporting at the
primary care level

6. Promote behavior change through community-based
programs: implement behavior change interventions (e.g.,
smoking cessation programs, peer-led oral hygiene clubs)
within communities and diabetes clinics.
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