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Abstract:
The aim of the current study was to assess the prevalence and extent of Clinical Attachment Loss (CAL) and to find out
variables associated with CAL in a Greek adult population older than 40 years of age. The study sample consisted of
1,240 adults, 580 males and 660 females who were patients of three private practices. The participants were interviewed and underwent an oral clinical examination. CAL assessment was carried out on six sites for each tooth. Prevalence and severity of CAL and the association with variables such as age, gender, socio-economic status (SES), educational level, smoking status, frequency of tooth brushing and dental follow-up, glucose, and blood pressure levels, probing
pocket depth (PPD) and bleeding on probing (BOP) were assessed, using univariate and multivariate regression models.
The prevalence of CAL≥3.0 mm was 22.1% for both genders, whereas the regression model showed that lower SES
(p=0.001), smoking (p< 0.001), irregular daily tooth brushing (p=0.013), BOP (p<0.001) and deeper periodontal pockets
(p=0.001) were statistically significantly associated with CAL severity. Poor oral hygiene as expressed by PPD, BOP and
irregular daily tooth brushing, lower SES and smoking, were significantly associated with CAL severity.
Keywords: Periodontitis, Clinical attachment loss, Epidemiology, Risk factor

Introduction
Periodontal Disease (PD) is one of the most common chronic infectious diseases, its overall prevalence varies from 10
to 90% and is the leading cause for tooth extraction among adults aged ≥40 years [1,2]. PD and especially periodontitis
is a teeth supporting tissues chronic inflammatory condition which is caused by dental plaque accumulation. Subgingival biofilms in periodontal pockets extend apically and lead to host -immune response to the bacterial plaque species
which is responsible for the extent and severity of periodontitis [3,4]. The severity of PD varies over time, it depends on
the biofilm’s quantity and quality and factors modifying the presence of dental plaque [5]. Moreover, its severity and
progression is associated with oral pathogens burden, host’s susceptibility and modified by behavioral and environmental factors [6]. The host -immune reaction to the plaque pathogens results in the production of cytokines, chemokines and other inflammatory mediators which cause tissue damage and leads to destruction of the alveolar bone, attachment loss and periodontal pockets formation [4]. The immuno -inﬂammatory process associated with periodontitis
results in an apical migration of the epithelial attachment and loss of periodontal soft and hard tissues [7]. If the patient
does not receive a periodontal treatment inflammatory reaction can lead to gingival recession deeper periodontal pockets, more attachment loss, and eventually tooth loss [8].
Clinical diagnosis of periodontitis can be made by the measuring of periodontal pocket depth (PPD), clinical attachment loss (CAL), alveolar bone loss (ABL), or a combination of those indices [9].
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CAL is a clinical indicator of the degree of remaining tooth support, and is an index for assessing PD severity, whereas
(PPD) is an index of inﬂammatory activity [8,10]. Oral microorganisms play a crucial role in chronic periodontitis etiology [11], however, various risk indicators are involved in PD initiation and progression and diﬀer among countries [3].
Such indicators are genetic predisposition [12], male gender [10,13], increasing age [2], smoking [14-16], ethnicities,
educational level, socio-economic status, oral hygiene [14,15,17], social and psychological factors [18], plaque and
bleeding indices [14,15] number of missing teeth, dental plaque accumulation, [17, 19], and diabetes mellitus (DM)
[14,15]. Those indicators can lead to systemic inflammatory reactions and are involved in the severity of those reactions
[8].
Aging is associated with PD, although this association could be attributed to the cumulative periodontal breakdown over
time than to an age-related, intrinsic deficiency that contributes to susceptibility to PD [13]. Epidemiological studies
have shown more severe PD based on the assessment of CAL and bone loss, among older age groups compared to
younger groups [2,19-21]. Adult males present a higher risk for CAL [2,16], whereas smoking is also an important risk
indicator, which contributes to a higher prevalence and severity of periodontitis in adults [22], as significant associations between cigarette smoking and both CAL and alveolar bone loss have been recorded [16,19-21]. Only one study
has documented the distribution of chronic periodontitis its determinants, prevalence, severity, extension, and risk factors in Greece [23].
However, there is a considerable lack of methodological consistency in periodontal epidemiology, as significant variations have been proposed to the definition of periodontitis [24,25].

Materials and Methods
Study design
A cross-sectional, epidemiological study was carried out between 2019 and 2020. The study size was estimated considering the CAL prevalence determined by Hyman et al. [16], with 95% confidence interval and 1.5% range of error,
whereas the age group was based on the World Health Organization (WHO) recommendations [26,27] for assessing disease prevalence. This procedure led to a study sample of 1240 individuals [16].The participants filled in a health medical and dental questionnaire and underwent an oral clinical examination by a trained and calibrated dentist.
From the study protocol we excluded individuals who had less than 20 natural teeth, since large numbers of missing
teeth could lead to over or underestimate the indices and associations examined, those who had undergone a previous
periodontal treatment, conservative or surgical, within the previous six months and those who had received a prescription of anti-inﬂammatory or systemic antibiotics or other systemic drugs the previous six weeks [28]. Those conditions
could have potential eﬀects on the oral tissues and could lead to biased secondary associations.
Medical and Dental Questionnaire
Participants completed a modified Minnesota Dental School Medical Questionnaire [29]. The questionnaire contained
information regarding age, gender, smoking and alcohol consumption, present illness, past medical history and family
history, dental history and other demographic and socioeconomic parameters. Measurements of blood glucose and
blood pressure were based on the current medical files of the participants.
According to age the participants were categorized as 40-49, 50-59, 60 +, educational level as elementary level, graduated from University/College; socio-economic status as ≤ 1,000 and >1,000 €/month; smoking status as never smokers
and former/current smokers; presence or absence of DM; presence or absence of hypertension; frequency of a regular
dental follow-up as ≤ 2 examinations/year and >2 times/year; frequency of tooth brushing as ≤ 2 times/daily and >2
times/daily.PD indices were categorized as 0-3.00 mm (no disease/mild disease) and ≥ 4.0 mm (moderate and severe
disease) for mean PPD [30], ≤ 3.00 mm (slight) and ≥3.00 mm (moderate and severe) for mean CAL [31], and BOP as
present or not within 30 seconds following probing with gentle pressure at six sites per tooth [32].
Periodontal tissue examination
Periodontal clinical indices were assessed at six sites (mesio-buccal, midbuccal, disto-buccal, disto-lingual, mid-lingual
and mesio-lingual) in all teeth, excluding third molars, using a manual periodontal probe (UNC-15; Hu Friedy Mfg. Co.
Inc., Chicago, IL USA). PPD and CAL clinical measurements concerned the immediate full millimeter.
A randomly chosen sample of 250 (20%) individuals was reexamined clinically by the same dentist after 3 weeks in order to establish the intra-examiner variance. No diﬀerences were recorded after the second clinical examination
(Cohen’s Kappa=0.92).
Statistical analysis
The mean value of PPD and CAL at six sites per tooth was recorded and coded as dichotomous variables for each participant.
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Females, individuals with lower educational (elementary level) and socio-economic (income/monthly ≤1,000 €) [33]
status, never smokers, individuals with an irregular dental follow-up and daily tooth brushing, individuals who did not
suﬀer from DM or hypertension were coded as 0. Individuals with absence or mild periodontal pockets, those with slight
attachment loss and those without BOP were coded as 0. The associations between CAL and demographic/clinical parameters or risk factors were analyzed using the chi-square test (univariate analysis).
Multivariate regression analysis was carried out to investigate the associations between the dependent variable, CAL,
and independent ones that were determined by the enter method. Finally, the independent variables were included to
stepwise method in order to estimate gradually the variables that showed significant associations with the dependent
one. Unadjusted (UOR’s) and Adjusted Odds Ratios (AOR’s) and 95% CI (Confidence Interval) were also assessed. All
statistical analyses were performed using SPSS statistical package (SPSS PC19.0, SPSS, Inc., Chicago, IL, USA). A p-value
of < 0.05 was considered statistically significant.
Ethical consideration
The current cross-sectional study was not an experimental one. In Greece only experimental studies must be reviewed
and approved by authorized committees (Dental Schools, Greek Dental Associations, Ministry of Health, etc.). However,
it was carried out in full accordance with the World Medical Association Declaration of Helsinki. Individuals who accepted the invitation to participate in the study protocol signed an informed consent form.

Results and Discussion
Table 1 presents the epidemiological variables according to the univariate analysis and shows that lower SES (p=0.001),
smoking (p=0.000), irregular tooth brushing (p=0,013), deep periodontal pockets (p=0.001) and BOP (p=0.000) were
statistically significantly associated with moderate and severe CAL (≥3.00 mm), which means that those factors were
significantly associated with an increased risk for CAL aggravation. The distribution of mean CAL showed that 967 individuals (77.9%) had a mean CAL< 3.0 mm (slight condition) and 273 (22.1%) had a mean CAL ≥3.00 mm, (moderate and
severe condition).
Similarly, 151 individuals (12.2%) with deep periodontal pockets ≥ 4.0 mm showed moderate and severe CAL (≥3.00
mm), and 163 individuals (13.1%) with BOP also showed moderate and severe CAL. The application of the multivariate
regression analysis model confirmed the previous associations. Regarding the indices examined, after controlling for
possible confounders such as age, gender, smoking. status, educational level and SES (Table 2).
The aims in the present cross-sectional study were to assess the prevalence of CAL and to determine some of the various
risk factors of CAL in a Greek adult population. The results indicated that 77.9% of the individuals showed mild CAL (<
3.0 mm) and 22.1% of them showed moderate and severe CAL (≥3.00 mm). Similar previous studies recorded different
prevalence for mild CAL, which ranged from 55.2 % [34] to 82.4 % [35] of the study sample, for moderate and severe
CAL, which ranged from 17.6% [35], 41.9% [36], 44.8% [34] to 89.7% [37], and for severe CAL, which ranged from 3.6%
[38], 19.7% [2], 46.7% [39], 67.1% [23], to 79% [17] of the study individuals. In some of the mentioned studies the differences could be attributed to the age composition of the sample investigated as their samples consisted of younger
individuals (≥20 years old) [37,39]. Other studies recorded that CAL prevalence 3-4.0 mm occurred in 17.9% [24], ≥
4.00 mm occurred in 51% [40] and in 13.2% [36] of the individuals of the study, and <5.00 mm occurred in 96.4% [38]
of the individuals of the study. The mentioned variations of CAL prevalence in different population samples worldwide
could be attributed to significant differences in age composition, cultural factors, SES and living habits of the populations investigated [38]. No association between increasing age and CAL severity was also recorded, finding that was in
line with another recent study in Greece [23]. However, previous reports did not confirm such a finding
[2,20,34,35,38,41,42].
Male gender did not show more severe CAL compared to females, finding that was not in agreement with those from
previous reports [2,10,13,17,23,34,35,41-43], except for few studies [38]. These differences may be explained by the
facts that females usually are more aesthetically conscious, thus would be more worried about visiting the dentist
whereas, males have poorer oral hygiene practices than female’s ignorance of oral hygiene and less dental visit behaviors [44]. CAL severity was not significantly higher between lower and higher educational level of the individuals investigated, according to the multivariate analysis, finding that was in line with a previous study [41]. However, similar
studies have revealed that low educational level was significantly associated with CAL severity [23,41,42,45-47]. Worse
PD indices have been detected in individuals who lack education or having a basic primary education. Moreover, those
individuals had difficulties with their access to social health services [48]. Risks of oral disease have shown an increased
rate in individuals with lower educational or academic training or lack health insurance access [47].
A statistically significantly association between lower SES, which is a modifiable environmental factor, and the worse
mean CAL was recorded in the current study, finding that has been confirmed by previous reports which have revealed
significant diﬀerence in PD severity among individuals of diﬀerent SES [3,17,23,37,45-47]. Few studies have not recorded such an association [42], or a weak association between SES and PD [13].
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Mean CAL

Mean CAL

< 3.0 mm

≥3.0 mm

Odds Ratio and 95%
p-value

Confidence Interval

Gender
Males

425 (44.0)

125 (45.8)

Females

542 (56.0)

148 (54.2)

40-49

387 (40.0)

80 (29.3)

50-59

342 (35.4)

129 (47.3)

60+

238 (24.6)

64 (23.4)

Low

439 (45.4)

132 (48.4)

High

528 (54.6)

141 (51.6)

Low

341 (35.3)

166 (60.8)

High

626 (64.7)

107 (39.2)

No

375 (38.8)

159 (58.2)

Yes

592 (61.2)

144 (41.8)

Normal level

857 (88.6)

238 (87.2)

Abnormal level

110 (11.4)

35 (12.8)

Normal level

805 (83.2)

221 (81.0)

Abnormal level

162 (16.8)

52 (19.0)

≤ 2 times/year

407 (42.1)

120 (44.0)

>2 times/year

560 (57.9)

153 (56.0)

≤ 2 times/daily

389 (40.2)

171 (62.6)

>2 times/daily

578 (59.8)

102 (37.4)

0-3.00 mm

532 (55.0)

122 (44.7)

≥ 4.0 mm

435 (45.0)

151 (55.3)

Absence

544 (56.3)

110 (40.3)

Presence

423 (43.7)

163 (59.7)

0.589

0.928 (0.709-1.216)

Age
_______
0.051

Educational level
0.387

0.888 (0.679-1.162)

0.000*

0.351 (0.266-0.463)

0.000*

0.454 (0.346-0.597)

0.512

1.146 (0.763-1.720)

0.376

1.169 (0.827-1.653)

0.582

0.927 (0.707-1.215)

0.000*

0.401 (0.304-0.529)

0.003*

1.514 (1.155-1.983)

0.000*

1.906 (1.450-2.504)

S/economic level

Smoking status

Glucose level

Blood pressure

Dental Follow-up

Tooth brush frequency

Probing pocket depth

Bleeding on probing

Table 1. Univariate analysis of the study sample regarding each independent variable examined
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Variables in the Equation

B

Step

1a

Step 4a

S.E.

Wald

df

Sig.

Exp(B)

95% C.I.for EXP(B)
Lower

Upper

gender

,083

,142

,344

1

,558

,920

,696

1,216

educ.lev

,043

,127

,115

1

,735

1,044

,814

1,338

socioec.stat

-,258

,141

10,601

1

,031*

1,581

1,200

2,083

smok.stat

,863

,143

36,532

1

,000*

2,370

1,791

3,135

dent.f.up

-,312

,137

5,190

1

,023*

1,367

1,045

1,788

tooth.brush

-,442

,143

,010

1

,022*

1,714

,967

2,041

glucose.lev

,147

,162

15,885

1

,082

1,199

1,019

1,824

blood.press

,205

,141

18,418

1

,077

1,131

0,813

1,714

Bop

,751

,150

24,935

1

,006*

2,120

1,578

2,847

Ppd

,505

,146

11,932

1

,001*

2,157

1,244

2,208

Constant

1,578

,211

55,960

1

,000

,206

socioec.stat

,455

,131

12,087

1

,001*

1,576

1,220

2,037

smok.stat

,841

,138

37,037

1

,000*

2,318

1,768

3,040

tooth.brush

-,331

,133

6,238

1

,013*

1,393

1,074

1,806

Bop

,755

,147

26,249

1

,000*

2,128

1,594

2,841

Ppd

,496

,145

11,754

1

,001*

2,042

1,642

2,280

Constant

1,550

,158

96,685

1

,000

,212

a. Variable(s) entered on step 1: gender, educ.lev,, socioec.stat, smok.stat, dent.f.up, tooth.brush, glucose.lev, blood.press, Bop, Ppd. (* p-value: statistically significant )
Table: 2 Presentation of associations between independent variables and CAL severity according to Enter (first step) and Wald
(final step) method of multivariate logistic regression analysis model.
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Many epidemiologic studies have revealed that smoking is a crucial risk factor for PD [10, 37,49,50] and various mechanisms have been proposed which are implicated in its pathogenesis an contributes to PD progression [35]. A significant
association observed between smoking status and a mean CAL ≥3.00 mm in the current study. Similar reports have confirmed the mentioned association [16,17,34,35,38,42,43,51], and have shown that smoking is a significantly high risk
factor for CAL severity.
This is might be related to the crucial role of smoking in development and progression of periodontitis by affecting host
immune responses [49]. However, to date it remains unclear the mechanism which explain how smoking may aﬀect PD.
It is possible that genetic susceptibility and genetic polymorphisms may explain the mentioned influence [13]. Cigarette
smoking is a modifiable environmental risk factor most associated with the progression of PD [20], as smokers are 2 to
7 times more likely to suﬀer from periodontitis, whereas heavy smokers are twice as likely to present CAL and ABL than
light smokers [43]. Cross-sectional and longitudinal surveys have recorded that the risk of developing PD as measured
by CAL and ABL increases in heavy smokers [52]. CAL severity was found significantly higher among individuals who
brushed their teeth irregularly (≤ 2 times/daily) than those who brushed their teeth in a regular way (>2 times/daily) in
the present report. This observation was in agreement with previous studies indicating that a higher rate of individuals
who did not brush their teeth regularly had poor oral hygiene and had a significant association with pocket formation
and CAL severity [34,38], whereas only in one study was found that dental care was not significantly associated with
CAL progression [42].
Tooth brushing is essential for periodontal health maintenance as reduces accumulation of dental plaque and in turn
prevents gingivitis and periodontitis [52]. The current study showed that individuals who do not follow a regular dental
check-up (>2 times/year) had more severe CAL compared with those who visit their dentist regularly, finding that was
in agreement with the findings of previous studies [17,47], except for one study which did not confirm such a finding
[54]. DM is another modifiable environmental risk factor for PD indices as it can be controlled but not be treated. The
current study showed that DM patients were found to be insignificantly associated with CAL severity, observation that
was in agreement with those from previous reports [40, 42]. However, similar studies revealed that individuals with a
DM history were statistically significant associated with CAL severity [20,23,35,55].
DM can cause CAL and the treatment of PD may improve clinical symptoms and signs of DM, suggesting that a crosssusceptibility exists between PD and DM [56]. DM, also increases the susceptibility to inflammatory tissue destruction
and leads to CAL by reducing neutrophil functions or by accelerating the synthesis of advanced glycosylation and
products [57]. Previous reports suggest that this association is considered to be bidirectional, e.g. DM is a risk factor
for periodontitis, and periodontitis is a possible factor for DM [58]. The current study recorded no association between
individuals with hypertension and the healthy ones regarding CAL severity, finding that was in line with previous
reports [23,59,60].In contrary, other studies recorded a significant association between high blood pressure and CAL
severity [35,61-64]. Clinical hypertension and deteriorated arterial blood pressure regulation are systemic conditions
that are associated with immune function and inflammation and may worsen chronic periodontitis [65].
The current study has some limitations which should be taken into account when interpreting the outcomes. Some
independent epidemiological variables were collected through questionnaires which, even though commonly used in
research, can introduce biases, such as self-reported tooth brushing frequency or SES, which was difficult to reconcile
with clinical findings.

Conclusions
Within the limitations of this study, it can be concluded that, a low prevalence of sever CAL among adults. Greek population was recorded. All risk factors mentioned, low SES, smoking, irregular daily tooth brushing, BOP and deeper pocket
depth, were strongly associated with the prevalence, extent, and severity of CAL. It is obvious that further studies with
larger sample including adolescents and adult Greek population in different geographic locations are recommended.
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