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Purpose: The objective was to evaluate the periodontal clinicoradiographic status and whole salivary prostaglandin E2
(PgE2) levels among users of water pipe and cigarettes.

Materials and Methods: Demographic data, duration of smoking (pack years), and familial history of smoking were
recorded using a questionnaire. Participants were allocated into three groups based on their smoking status: group 1:
self-reported cigarette smokers (CS); group 2: self-reported water-pipe-users; and group 3: non-smokers. The assessment
included measurements of full-mouth plaque and gingival indices (Pl and Gl), as well as probing depth (PD), clinical
attachment loss (CAL), and marginal bone loss (MBL). Unstimulated whole saliva samples were collected and PgE2 levels
were measured. Group comparisons were done and p<0.05 was considered statistically significant.

Results: Thirty-three, 34 and 33 individuals were included in groups 1, 2 and 3, respectively. Full mouth PI (p<0.05),
Gl (p<0.05), PD (p<0.05) and mesial (p<0.05) and distal (p<0.05) MBL were statistically significantly higher among patients
in groups 1 and 2 than group 3. The scores of CAL in groups 1 and 2 were 3.45 + 0.97 and 3.62 + 1.2 mm, respectively. None
of the individuals in the control group displayed CAL. PgE2 levels were statistically significantly higher among patients in
groups 1 (231.5 £ 66.3 pg/ml) (p<0.05) and 2 (231.5 * 66.3 pg/ml) (p<0.05) compared with group 3 (76.6 = 10.6 pg/ml). In
groups 1 and 2, a statistically significant relationship was observed between pack-years, the duration of water-pipe
smoking, and the levels of PgE2 and PD.

Conclusion: There is no difference in periodontal clinicoradiographic status and whole salivary PgE2 levels between CS
and waterpipe-users; however, these parameters are worse in CS and water-pipe users than in non-smokers.
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ingivitis (clinically manifested as gingival redness and
bleeding gums) and a probing depth (PD) of 3 mm or
greater are typical clinical manifestations of periodontal in-
flammation, a prevalent condition in the field of oral health.35
A suboptimal state of oral hygiene is a common, localised risk
factor for the development of periodontal inflammation;20
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however, habits such as cigarette smoking have also been
linked with the aetiopathogenesis of periodontal diseases.11,26
Cigarette smokers (CS) are usually well aware of the detrimen-
tal effects of smoking on oral and overall health;*> however,
quitting the habit is often challenging due to its withdrawal
symptoms such a nervousness, constipation and anxiety.1,8 In-
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dividuals trying to reduce or quit their cigarette smoking habit
often turn to alternative methods of nicotine consumption, and
one such approach is the use of a water pipe, also referred to
as a hubble-bubble, hookah, shisha, or narghile.”-33,3¢ Stud-
ies#5,32,33 have shown that scores of periodontal inflammatory
parameters, including plaque index (PI), gingival index (Gl), PD
and clinical attachment loss (CAL), are elevated in CS and wa-
ter-pipe users compared with non-smokers. Moreover, scien-
tific evidence supports the notion that water-pipe usage is not
less detrimental to general and periodontal health than ciga-
rette smoking.4>,32,33

Prostaglandin E2 (PgE2) is a biologically active lipid that
plays a central role in a diverse array of physiological and path-
ological processes.15:3943 The distinct functions of PgE2
encompass regulation of inflammation and immune response,
vasodilation, and pain perception.1527,38 |n periodontal re-
search, a limited number of studies!8,1940 have correlated peri-
odontal inflammation with the expression of PgE2 in unstimu-
lated whole saliva (UWS). Sanchez et al4 reported that whole
salivary PgE2 levels are stastistically significantly higher in pa-
tients with than without periodontitis. Likewise, Gimis et al8
compared whole salivary PgE2 levels in patients with chronic
periodontitis and individuals with a healthy periodontal sta-
tus,18 finding stastistically significantly higher whole salivary
PgE2 levels in patients with periodontitis in contrast to individu-
als a healthy periodontal status. Moreover, in that study,18 a cor-
relation existed between whole salivary PgE2 levels and PI. As
CS and water-pipe use are widely recognised as risk factors for
periodontal inflammation,21,23 and previous studies®12,25,33,37
have indicated that periodontal inflammation is more severe in
CS and water-pipe users compared to controls, it has been hy-
pothesised that salivary PgE2 levels are elevated in CS and wa-
ter-pipe users compared to controls. However, a thorough ex-
amination of the relevant literature has revealed a gap in
research, as there are currently no studies that have investi-
gated and compared salivary PgE2 levels in unstimulated whole
saliva samples from cigarette smokers and water-pipe users.

The aim of the present study was therefore to evaluate the
periodontal, clinicoradiographic status and whole salivary
PgE2 levels among CS, water-pipe users and non-smokers.

MATERIALS AND METHODS

Ethical Approval

The ethics committee at Riyadh Elm University, Riyadh, Saudi
Arabia reviewed and approved the present study
(FRP/2023/522). Participation was optional, and all individuals
had the option to discontinue their involvement at any stage
during the research. Participants’ data such as name, address,
and contact details were kept confidential. All volunteering
participants were encouraged to pose any questions or inqui-
ries they had. Those who chose to volunteer were asked to
carefully review and sign a written informed consent.

Study Location and Design

The study was performed at the Department of Oral and Maxil-
lofacial Surgery and Diagnostic Sciences, Riyadh Elm Univer-
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sity, Riyadh, Saudi Arabia. The present investigation had a
cross-sectional comparative study in which self-reported CS,
water-pipe users and individuals who reported to have never
used any form of nicotinic products - combustible or/and non-
combustible - (controls) were included.

Inclusion and Exclusion Criteria

The eligibility criteria comprised: (a) adults aged 18 years or
older; (b) self-reported cigarette smokers (those reporting daily
smoking of at least one cigarette over the past 12 months);24 (c)
self-reported water-pipe users (those using water pipe at least
once daily over the past 12 months);3 (d) self-reported non-
smokers/controls.24 Exclusion criteria encompassed: (a) indi-
viduals with self-reported systemic diseases such as hepatic/
renal disorders, diabetes mellitus (DM), viral infections, cardio-
vascular diseases, respiratory diseases, arthritis and HIV/AIDS.
Additionally, pregnant and/or nursing females and habitual
alcohol users were not included. From a dental perspective,
individuals who were completely edentulous in both arches, or
individuals with third molars, supernumerary teeth, or severely
decayed teeth with embedded root remnants were excluded
and categorised as “missing teeth.”

Questionnaire

The principal investigator administered a questionnaire to all
participants, collecting relevant information on duration of
cigarette smoking in pack years (PY), age, gender, duration and
daily frequency of water-pipe usage (number of times daily),
duration of each water-pipe session in minutes, and any famil-
ial history of smoking. Participants were also asked about their
daily frequencies of toothbrushing and flossing. Cigarette
smokers were subdivided into three subgroups: light smokers
(up to 20 PY), moderate smokers (20.1-40.0 PY), and heavy
smokers (more than 40 PY).2%

Study Groups

Participants were divided into three groups based on their
smoking status: group 1: self-reported cigarette smokers;
group 2: self-reported water-pipe users; and group 3: non-
smokers (controls).

Clinical and Radiographic Periodontal Examination

In all patients, the assessment of clinical periodontal parame-
ters included: P1,31 GI,41 PD,10 and CAL.13 The Pl and Gl were
measured at four sites per tooth (mesial, distal, lingual/palatal,
and facial/buccal). PD was evaluated at six sites per tooth (me-
siobuccal, midbuccal, distobuccal, mesio lingual/palatal, mid-
lingual/palatal, and distolingual/palatal) using a sterile graded
probe (UNC 15; Chicago, IL, USA). Marginal bone loss (MBL) was
assessed on the mesial and distal surfaces of all teeth through
digital intraoral radiographs, taken using the long cone paral-
leling technique. MBL was recorded as the linear distance from
2 mm below the cementoenamel junction to the alveolar
crest.24 All clinical and radiographic evaluations were per-
formed by a single blinded, trained, and calibrated investigator,
with Kappa scores of 0.88 and 0.9 for clinical and radiographic
assessments, respectively.
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Collection of Unstimulated Whole Saliva Samples and
Assessment of Prostaglandin E2 Levels

The UWS samples were obtained during early morning hours
with patients in a fasting state. An established protocol as out-
lined in previous literature was adopted.®22 In a quiet setting,
participants were seated and asked to refrain from swallowing
and jaw movements for 5 minutes. The patients were then re-
quested to expectorate the saliva accumulated in the mouth
during this period into a graduated cylinder through a dispos-
able plastic funnel. The unstimulated whole salivary flow rate
was promptly calculated. The collected UWS samples were im-
mediately transferred to sterile plastic tubes with lids and cen-
trifuged at 2000xg for 15 min in a cold room (4°C). The resulting
supernatant was stored at -70°C, with all UWS supernatants
analysed for PgE2 levels within 24 h of collection. The UWS and
corresponding supernatant samples were obtained by a
blinded investigator, with Kappa scores of 0.88 and 0.86, respec-
tively. Whole salivary PgE2 levels were determined following
the methodology described in a previous study.!? In brief, dupli-
cate wells were used to analyse whole salivary PgE2 levels with
a human PgE2 enzyme-linked immunosorbent assay (ELISA) kit
(Biosource, Invitrogen; Carlsbad, CA, USA), following the manu-
facturer’s instructions. Laboratory-based investigations were
conducted by a calibrated investigator who remained blinded
to the study groups, achieving a Kappa score of 0.92.

doi: 10.3290/j.0hpd.b5629079

Sample-size Estimation and Statistical Analyses

Data derived from a preliminary pilot investigation was used to
estimate the sample size using nQuery Advisor 6.0 (Statistical
Solutions; Saugas, MA, USA). The targeted level of statistical
power was set at 0.90, indicating a 90% probability of detecting
a true effect if present, with an alpha level of 5% designating
the threshold for statistical significance. To discern a difference
of 2 mm in PD among the study groups, it was determined that
a minimum of 30 patients should be included in each group. All
statistical analyses were executed using SPSS software, version
22 (Chicago, IL, USA). The Shapiro-Wilk test was employed to
assess the normality of the data. Means and standard devia-
tions for clinical, radiographic, and laboratory-based parame-
ters were calculated, and group comparisons were conducted
using one-way ANOVA with Bonferroni post-hoc adjustment.
Logistic regression models were utilised to evaluate correla-
tions between clinico-radiographic parameters and whole sali-
vary PgE2 levels. Statistical significance was established at
p<0.05. Intra-examiner reliability was gauged through repeated
measurements on a subset of patients, and the kappa score
was calculated to assess the consistency of measurements.
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Table1 Demographics of the study population

Parameters Group 1 Group 2 Group 3
Participants (n) 34 33
Gender (male) 30 30
Mean age in years 47.5+10.5 45.4+9.6 45.1+9.2
Cigarette smoking (pack years) 9.4+3.9 NA NA
Duration of water-pipe usage 13.5+3.3 years NA
Daily frequency of water-pipe usage (no. of times daily) 6.6 + 1.8 times daily NA
Duration of each session of water-pipe usage (in minutes) 29.7+6.7 minutes NA
Family history of smoking (%) 25 (75.8%) 27 (79.4%) 3(9.1%)
Twice daily toothbrushing (%) 6 (18.2%) 9 (26.5%) 28 (84.8%)
Once daily flossing (%) None None 4(12.1%)
Group 1: cigarette smokers; group 2: water-pipe users; group 3: non-smokers; NA: not applicable.

Table2 Periodontal parameters
Parameters Group 1 Group 2 Group 3
Plaque index 0.83+0.22* 0.78 £0.18t 0.11+£0.04
Gingival index 0.32+0.25 0.34+0.27 0.2+0.1
Probing depth 4.94 +0.95 mm* 4.42 +0.81 mmft 1.41+0.7mm
Clinical attachment loss 3.45+0.97 mm 3.62+1.2mm NA
Marginal bone loss (mesial) 4.26+0.72 mm* 4,14+ 1.1 mmt 0.9+0.6 mm
Marginal bone loss (distal) 4.31+0.5mm* 4.21+0.95 mmt 0.71+0.4 mm
Missing teeth 13.5+ 2.5 teeth* 11.2 + 1.3 teetht 2.8 £ 0.4 teeth
*Compared with group 3 (p<0.05); TCompared with group 3 (p<0.05).

RESULTS

Study Cohort

An initial cohort comprising 122 individuals was extended invi-
tations to participate. Twenty-two (22) individuals who failed to
meet the predetermined eligibility criteria were subsequently
excluded. Consequently, the study encompassed a final sample
size of 100 individuals, stratified into the following three groups:
group 1: n=33 CS; group 2: n=34 water-pipe users; and group 3:
n=33 non-smokers, controls (Fig 1). There was no statistically
significant difference in the mean age of individuals in all
groups. In groups 1,2 and 3, 25, 30 and 30 participants, respec-
tively, were males. In group 1, participants had a cigarette-
smoking history of 9.4 + 3.9 PY and were therefore categorised
as mild CS. In group 2, participants reported to have been using
water pipe for an average duration of 13.5 + 3.3 years. In group 2,
participants reported that they used water pipes 6.6 + 1.8 times
daily and the average duration of each water-pipe usage ses-
sion was 29.7 + 6.7 minutes. A family history of smoking was
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reported by 75.8%, 79.4% and 12.1% in groups 1, 2 and 3, re-
spectively. Toothbrushing twice daily was reported by 84.8% in
group 3 and 18.2% and 26.5% in groups 1 and 2, respectively.
None of the individuals in groups 1 and 2 flossed their teeth
and 12.1% (n=4) individuals in group 3 reported that they used
dental floss once every day (Table 1).

Clinical and Radiographic Parameters

Statistically significantly elevated values were observed in PI
(p<0.05), Gl (p<0.05), PD (p<0.05), and mesial (p<0.05) and
distal (p<0.05) MBL among patients in groups 1 and 2 when
compared to individuals in group 3. The CAL scores for groups
1and 2 were 3.45 £ 0.97 and 3.62 + 1.2 mm, respectively, while
none of the individuals in the control group exhibited CAL. The
number of missing teeth was statistically significantly higher in
groups 1 (p<0.05) and 2 (p<0.05) compared to group 3. No sta-
tistically significant differences were observed in PI, Gl, PD,
CAL, missing teeth, and mesial and distal MBL among patients
in groups 1 and 2. Detailed results are provided in Table 2.

Oral Health & Preventive Dentistry
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Table 3 Periodontal parameters

Parameters

Group 1

Group 2 Group 3

Unstimulated whole salivary flow rate

0.34+0.1 ml/min

0.32+0.11 ml/min 0.33 +£0.14 ml/min

Prostaglandin E2 levels

231.5+66.3 pg/ml*

243.1+69.3 pg/ml* 76.6 +10.6 pg/ml

*Compared with group 3 (p<0.05).
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There was no statistically significant difference in flow rates of
saliva among individuals in groups 1, 2 and 3. The PgE2 levels
were markedly higher among patients in groups 1 (p < 0.05)
and 2 (p<0.05) in comparison to group 3. There was no statisti-
cally significant difference in PgE2 levels between participants
in groups 1 and 2, as shown in Table 3.

Regression Analyses

In groups 1 and 2, there was a statistically significant correla-
tion between pack-years, duration of water-pipe smoking and
PD and whole salivary PgE2 levels, as shown in Figs 2 and 3.
There was no statistically significant correlation between age,
gender, family history of smoking, UWSFR, PI, GI, CAL, MBL, du-
ration of each session of water-pipe usage and oral-hygiene
maintenance protocols or whole salivary PgE2 levels in all
groups.

doi: 10.3290/j.0hpd.b5629079

The findings of the present study are in line with a body of prior
research that has consistently demonstrated a higher incidence
of periodontal inflammatory conditions among CS when com-
pared to non-smokers.%14 Furthermore, the current investiga-
tion aligns with previous studies,12:34 emphasising that water-
pipe usage cannot be regarded as a safe alternative to CS in the
context of oral health. Specifically, our results support the
notion that individuals who use water pipes are, to a similar
extent, as likely as CS to exhibit periodontal diseases when
compared with non-smokers. In a molecular cross-sectional
epidemiological investigation led by Zhong et al,*4 the authors
explored the relationships between mean concentrations of
PgE2 in the gingival crevicular fluid (GCF) and clinical indica-
tors of periodontal disease in a community-based sample com-
prising 6277 adults aged 52 to 74 years. The results revealed a
positive correlation between GCF PgE2 levels and periodontal
PD and gingival bleeding in the studied population.** However,
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a meticulous examination of indexed literature has shown that
the comprehensive assessment of whole salivary PgE2 con-
cerning its association with periodontitis and exposure to
combustible nicotine products has not been explored. Conse-
quently, the current study focused on investigating the
expression of PgE2 in UWS and its correlation with demo-
graphic, clinicoradiographic, and periodontal inflammatory
parameters. In this context, the outcomes reported by Zhong
et al*4 should be mentioned, that periodontal inflammatory
parameters were more severe, and whole salivary PgE2 levels
were statistically significantly higher in CA (group 1) and water-
pipe users (group 2) compared to non-smokers (group 3). Ad-
ditionally, in agreement with Zhong et al,** the current results
also establish a statistically significant correlation between
whole salivary PgE2 levels, PD and duration of smoking and
water-pipe usage in groups 1 and 2 compared to group 3. An
experimental study conducted by Liu et al30 is also pertinent,
as it explores the role of the PgE2 pathway in orchestrating tis-
sue damage. The findings of that investigation3? showed that
PgE2 pathways mediate oxidative stress (OS) in systemic epi-
thelial cells. Furthermore, PgE2 is produced by various cell
types, including inflammatory cells, such as macrophages and
fibroblasts, in response to inflammatory stimuli, e.g., bacterial
pathogens associated with periodontal infections.? These find-
ings imply that the increased expression of PgE2 in the UWS of
both CS and water-pipe users may represent an adaptive re-
sponse aimed at mitigating periodontal inflammation trig-
gered by intraoral exposure to tobacco smoke. In this context,
assessment of whole salivary PgE2 may serve as a potential
biomarker of periodontal inflammation in susceptible patient
populations.

A remarkable observation in the present study was that a
statistically significant correlation was noted between whole
salivary PgE2 levels and duration of water-pipe usage and CS.
Moreover, a correlation between these groups and PD was also
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evident (Figs 2 and 3). This finding implies that the extent of
exposure to water-pipe usage and CS may influence the sali-
vary PgE2 levels, indicating a potential role of PgE2 in the oral
response to these forms of tobacco use. Furthermore, the cor-
relation between these groups and PD suggests a potential as-
sociation between the duration of water-pipe usage, CS, and
the severity of periodontal disease, as reflected by PD. This
supports existing literature that establishes a connection be-
tween tobacco use and an increased risk of periodontal dis-
eases. It is important to note that while the observed correla-
tions provide valuable insights, further research is warranted to
elucidate the underlying mechanisms and causative relation-
ships. Additionally, considering the multifactorial nature of
periodontal diseases, future studies should explore the inter-
play between PgE2, tobacco use, and other relevant factors to
comprehensively understand their contributions to oral health
outcomes.

All individuals in group 1 were “light” CS as they had a
smoking history of approximately 9 pack-years. Moreover, sub-
gingival microbiota were not investigated in the study groups.
It has been reported that subgingival microbial counts such as
red complex bacteria (RCB) are higher in individuals who ha-
bitually use combustible nicotinic product compared with non-
smokers.16:17 |t is therefore hypothesised that subgingival
counts of pathogenic microbes including the RCB are higher in
heavy CS compared with mild and moderate CS and non-
smokers, and that whole salivary PgE2 levels are modulated by
smoking pack-years and subgingival microbial colonisation in
vulnerable patients. In this study, it must also be mentioned
that patients with systemic diseases such as poorly-controlled
DM were excluded. It is known that persistent hyperglycemia, a
classical manifestation of poorly-controlled DM is associated
with delayed healing.28 Moreover, in an experimental study on
mouse models, Tang et al4? showed that a state of persistent
hyperglycemia induces OS in periodontal tissues including the
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periodontal ligament, which augments alveolar bone loss.*2 It
is hypothesised that the periodontal clinicoradiographic status
as well as outcomes of periodontal interventions such as surgi-
cal and non-surgical periodontal therapy are compromised in
tobacco-smokers with poorly-controlled DM compared to sys-
temically healthy, non-smoking individuals. Further studies are
needed to test these hypotheses.

It is noteworthy that participants in group 3 exhibited a
higher percentage of twice-daily toothbrushing compared to
individuals in groups 1 and 2. Research indicates that lower
educational attainment and disadvantaged living conditions
serve as risk factors for suboptimal oral-hygiene maintenance
and the development of periodontal diseases.24 We posit that
advancements in lifestyle and education, particularly among
users of tobacco products, may contribute to improvements in
both their oral and systemic health status. The hypothesis sug-
gests that targeted interventions aimed at enhancing lifestyle
choices and educational opportunities, especially for individu-
als using tobacco products, could lead to positive outcomes in
oral and overall health. Implementing routine community-
based health education programs that emphasise the adverse
effects of nicotine product usage, underscore the importance
of oral hygiene maintenance, and advocate for regular dental
visits may play a crucial role in elevating the overall health and
oral health-related quality of life within the community.

CONCLUSION

There is no difference in periodontal clinicoradiographic status
and whole salivary PgE2 levels among CS and water-pipe users;
however, these parameters are statistically significantly worse
in CS and water-pipe users than in non-smokers.
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