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Peri-implant clinical profile and subgingival
yeasts carriage among cigarette-smokers
with peri-implant mucositis
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Abstract

Background The present observational clinical investigation is based on the hypothesis that subgingival yeast
carriage (SYC) is higher in cigarette-smokers with peri-implant mucositis (PM) than non-smokers with and without PM.

Objective The aim was to assess peri-implant clinical profile and SYC among cigarette-smokers with PM.

Methodology Participants were divided into four groups: Group-1—Cigarette-smokers with PM; Group-2—
Cigarette-smokers without PM; Group-3—Non-smokers with PM; and Group-4—Non-smokers without PM.
Information on duration and daily frequency of cigarette smoking (pack years), age, gender, familial history of
smoking and most recent visit to a dentist and/or dental hygienist was collected. The following information was
retrieved from healthcare records: implant dimensions, implant insertion torque, depth of insertion (credidastal

or subcrestal), implant abutment connection, jaw location, implant surface characteristic, and mode of implant
prosthesis retention. Peri-implant modified plaque and gingival indices (mPl and mGl), probing depth (PD) and crestal
bone loss were recorded. Subgingival biofilm samples were collected, and SYC was recorded in colony forming units
per milliliter (CFU/ml). P<0.05 were considered statistically significant.

Results Eighty male individuals (20, 19, 21 and 20 individuals were included in groups 1, 2, 3 and 4, respectively) were
included. The mPI was higher in Group-1 than groups 2 (P<0.05) and 4 (P<0.05). The mPI was higher in Group-3 than
groups 2 (P<0.05) and 4 (P<0.05). The mGl was higher in Group-3 than groups 1 (P<0.05), 2 (P<0.05) and 4 (P<0.05).
The PD was higher in Group-1 than groups 2 (P<0.05) and 4 (P<0.05). The PD was higher in Group-3 than Groups

2 (P<0.05) and 4 (P<0.05). The CFU/ml were higher in Group-1 than groups 2 (P<0.05) and 4 (P<0.05). The CFU/m|
were higher in Group-3 than groups 2 (P<0.05) and 4 (P < 0.05).

Conclusion Peri-implant soft-tissue inflammatory parameters are worse and SYC is higher in moderate smokers than
light smokers with PM and non-smokers without PM.
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Introduction
The oral microbiota is a complex ecosystem that includes
a diverse array of microorganisms, and yeasts are among
the normal inhabitants. Yeasts exist as symbiotic inhabit-
ants in the oral flora and oral yeasts carriage (OYC) refers
to the presence of various yeast species in the oral cav-
ity with Candida albicans (C. albicans) being the most
prevalent genus [1]. The OYC is usually assessed using
traditional methods such as the concentrated-oral-rinse-
culture technique [2]; however, these microbes have also
been identified in subgingival biofilm (SB) [3]. Habitual
tobacco smoking is a potential risk factor for alterations
in the oral microbiota, including an increased prevalence
of Candida species [2, 4]. Under such circumstances,
these commensal microbes can transform into opportu-
nistic pathithogens. Elevated yeast carriage is frequently
implicated in the onset and advancement of oral mucosal
conditions such as candidiasis [5]; nevertheless, scientific
evidence indicates that oral yeasts (OY) might be a factor
in the development of peri-implant diseases, specifically
peri-implant mucositis (PM) and peri-implantitis [6, 7].
During initial phases, peri-implant diseases are
restricted to soft tissues and this condition is identified
as PM. The PM is characterized by the presence of gingi-
val erythema, gingival bleeding (GB), increased probing
depth (PD), and the absence of radiographic crestal bone
loss (CBL) [8, 9]. However, when not promptly diagnosed
and treated, the inflammatory condition of the soft tis-
sues intensifies, ultimately posing a threat to the osseous
tissues surrounding the implant, leading to peri-implan-
titis. Souza et al. [7] demonstrated that implant surfaces
can be colonized by OY, particularly Candida species.
Similarly, Aldosari et al. [10] assessed the subgingival
yeasts colonization (SYC) among patients with PM. This
study [10] confirmed the presence of yeasts in SB among
all PM patients. Furthermore, it has been suggested that
SYC fosters the growth of pathogenic bacteria such as
Porphyromonas gingivalis (P. gingivalis), Treponema den-
ticola, Prevotella intermedia and Aggregatibacter actino-
mycetemcomitans, resulting in heightened virulence of
yeasts and subsequent damage to the soft tissues [7]. It
is noteworthy that cigarette-smoking is a classical risk-
factor of periodontal and peri-implant diseases includ-
ing PM [11, 12]; and aside from its detrimental impact
on oral mucosal and periodontal/peri-implant tissues,
nicotine (a major component in tobacco) significantly
influences the oral microbiome by modifying the growth,
attachment, and biofilm formation of pathogenic micro-
organisms, including yeasts [13]. Experimental results
by Haghighi et al. [14] showed that nicotine possibly
influences the pathogenic traits of yeast, which include
aspects such as hyphal growth, biofilm formation, and
expression of genes associated with virulence. The pres-
ent observational clinical investigation is based on the
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hypothesis that SYC is higher in cigarette-smokers with
PM in contrast to non-smokers with and without PM.

The purpose of this investigation was to assess the peri-
implant clinical profile and SYC among cigarette-smok-
ers with PM.

Materials and methods

Ethical guidelines

The research protocol underwent rigorous review and
received approval from an independent ethical commit-
tee, confirming its compliance with ethical standards.
Participation in the study was entirely voluntary, and all
individuals provided informed consent before inclusion.
Throughout the study, participants were accorded the
freedom to ask questions and seek clarifications regard-
ing any aspect of the research. Importantly, all partici-
pants retained the autonomy to withdraw from the study
at any stage without incurring any penalties or negative
consequences. This commitment to voluntary participa-
tion, informed consent, and participant autonomy under-
scores our dedication to upholding the highest ethical
standards in clinical research. The ethical approval was
granted by the Institutional Review Board at the Riyadh
Elm University, Riyadh, Saudi Arabia (Registration No.
FRP/2024/543).

Protocol for patient eligibility for inclusion

For inclusion, the following criteria were implemented:
(a) individuals aged at least 18 years; (b) self-reported cig-
arette-smokers (Individuals that reported to be smoking
at least one cigarette daily for the past 12 months) [12];
(c) Self-reported non-smokers (individuals that reported
to have never used any form of combustible and/or non-
combustible nicotinic product) [12]; (d) Individuals with
at least one dental implant in function for the past 180
days; (e) individuals diagnosed with peri-implant muco-
sitis [15, 16]. Exclusion from the present study was based
on the following: (a) dual smokers (individuals smoking
cigarettes and using other forms of combustible nicotinic
products such as cigars, pipe, waterpipe etc.); (b) Individ-
uals who self-report systemic conditions, including car-
diovascular diseases, metabolic disorders like obesity and
diabetes mellitus (DM), renal and/or hepatic diseases,
respiratory conditions such as chronic obstructive pul-
monary disease, as well as those self-reporting viral infec-
tions like coronavirus disease-19 and acquired immune
deficiency syndrome/HIV infections, along with indi-
viduals having oral/systemic malignancy; (c) pregnant
or/and nursing females; (d) individuals using smokeless
tobacco products; (e) individuals that reported to be cur-
rently using or had used antibiotics, antifungal medica-
tions, cancer therapy, and steroids and/or non-steroidal
anti-inflammatory drugs within the past three-months
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and (f) individuals diagnosed with peri-implantitis [15,
16].

Definition of peri-implant mucositis and peri-implant
health

The presence of the following characteristics was used
to define PM: peri-implant GB, coupled with signs such
as redness, swelling, or suppuration, and without any
associated CBL [15, 16]. A healthy peri-implant status
was defined as the absence of peri-implant gingival, red-
ness, swelling, GB and/or pus discharge, along with the
absence of any indicators of inflammation [16].

Groups

Study participants were categorized into four groups:
Group-1—Cigarette-smokers with PM; Group-2—Ciga-
rette-smokers without PM; Group-3—Non-smokers with
PM; and Group-4—Non-smokers without PM.

Questionnaire and evaluation of dental records

The principal investigator administered a questionnaire
to all participants, collecting relevant information on
duration and daily frequency of cigarette smoking (pack
years [PY]), age, gender, any familial history of smoking
and most recent visit to a dentist and/or dental hygienist.
Participants were also asked about their daily frequencies
of toothbrushing and flossing. Among cigarette smokers,
sub-classification was performed into three subgroups:
light-smokers (up to 20 PY), moderate-smokers (20.1-
40.0 PY), and heavy-smokers (more than 40 PY) [17].
The following information was collected by the principal
investigator from the individuals’ digital dental health-
care records: (a) implant length; (b) implant diameter; (c)
implant insertion torque; (d) depth of insertion (crestal or
subcrestal); (e) implant abutment connection (platform
switching); (f) jaw location (maxilla and/or mandible);
(g) implant surface characteristic (moderately rough or
smooth); (h) mode of implant prosthesis retention (screw
or cement), and (i) segment of jaw in which, the implant
was placed— implants replacing missing central inci-
sors, lateral incisors, and/or canines were categorized as
being positioned within the “anterior” region of the jaw
and implants replacing missing premolars and/or molars,
were categorized as being positioned within the “poste-
rior” region of the jaw (Supplementary file attached).

Clinical and radiologic investigations

All clinical and radiologic investigations were performed
before microbial investigations. Peri-implant indices,
namely modified plaque index (mPI) [18], modified gin-
gival index (mGI) [19], and PD [20] were meticulously
gauged by a calibrated and blinded investigator (Kappa
score 0.84) on four surfaces using a graded probe (UNC,
HuFriedy, Chicago, IL, United States). The CBL on both
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mesial and distal surfaces of the implants was quantified
through digital radiographs (Planmeca Romexis Intra-
oral X-Ray, Planmeca OY, Helsinki, Finland). This mea-
surement involved determining the linear distance from
the implant abutment interface to the alveolar crest [21].
The CBL assessments were conducted by a calibrated and
blinded investigator (Kappa score 0.88) and documented
in millimeters.

Collection of subgingival oral biofilm samples

The SB samples were obtained in accordance with a pre-
viously outlined protocol [10, 22]. Briefly, patients were
comfortably seated in a dental chair, and the SB collec-
tion procedure was explained in a clear and accessible
manner. Participants were encouraged to seek clarifica-
tion or pose questions before the commencement of SB
sample collection. To ensure isolation of peri-implant
tissues, cotton rolls were utilized, and any supragingival
plaque was delicately removed using sterile plastic hand
curettes (Implan Prophy® Plastic Dental-Instrument-Sys-
tem-Kit, Tess Corporation, WI, USA). Subsequently, SB
samples were gathered employing sterile plastic curettes
(Implan Prophy® Plastic Dental-Instrument-System-Kit,
Tess Corporation, WI, USA). The curette was gently
inserted into the buccal and lingual peri-implant pock-
ets, ensuring thorough contact with the subgingival area.
Careful attention was given to minimize trauma to the
surrounding tissues and prevent bleeding during sample
retrieval. The collected SB samples were then carefully
placed into a sterile plastic container equipped with a
lid and containing phosphate-buffered-saline (PBS). All
samples were subjected to further analysis within 30 min
of collection.

Assessment of subgingival yeasts colony forming units

The determination of subgingival yeasts colony forming
units followed the procedure outlined in previous stud-
ies [23, 24]. In summary, samples underwent vortexing
at 1,000 rpm for 10 min, and the resulting pellet was re-
suspended in 1 ml PBS. Subsequently, a sample volume
of 20 ul was extracted and evenly streaked using a sterile
glass spreader across duplicates of Sabouraud’s Dextrose
Agar plates for culture. The plates were then incubated
at 37 °C, and after 48 h, the Candida colonies were enu-
merated to calculate the colony-forming units per ml
(CFU/ml) of SB. These investigations were performed
by a trained, calibrated (kappa score 0.88) and blinded
investigator.

Sample-size estimation (power analysis) and statistical
analyses

Power analysis was conducted utilizing G*power version
3.0.10 (Franz Faul, Universitit Kiel, Germany). The deter-
mination of sample size indicated that 18 individuals per
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group would yield an 88% power to detect a genuine dif-
ference of 2 mm in probing depth (PD), which served
as the primary outcome variable, between cigarette-
smokers and non-smokers. This calculation was based
on a two-tailed comparison with an alpha value of 0.05.
Group comparisons were executed using one-way analy-
sis of variance, and Bonferroni Post hoc adjustment tests
were applied. Logistic regression analysis was employed
to assess the correlation between SYC measured in col-
ony-forming units per milliliter (CFU/ml) and variables
such as age, gender, pack-years, clinicoradiographic
parameters, and the duration of implants in function. The
threshold for statistical significance was established at
P<5%.

Results

Study participants

During the patient screening phase, invitations were
extended to 127 individuals for participation in the cur-
rent study, comprising 98 males and 29 females. Eleven
males with self-reported DM and seven dual-smokers
were subsequently excluded. None of the invited females
(n=29) opted to participate, and reasons for their non-
participation were not disclosed. Consequently, a total
of 80 male individuals proceeded to sign the informed
consent form. These individuals were divided into four
groups as follows: Group-1—Cigarette-smokers with
PM (n=20); Group-2—Cigarette-smokers without PM
(n=19); Group-3—Non-smokers with PM (n=21); and
Group-4—Non-smokers without PM (n=20). These
results are illustrated in Fig. 1.
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Characteristics of patient cohort

A total of 80 male individuals agreed to participate in the
present investigation and signed the informed consent
form. Twenty, 19, 21 and 20 individuals were included
in groups 1, 2, 3 and 4, respectively. There was no dif-
ference in the mean age of individuals in all groups. In
groups 1 and 2, cigarette-smokers had a smoking his-
tory of 25.9+12.1 and 11.5%2.5 pack years, respectively.
In groups 1 and 2, 60% and 15.8% of the individuals
were moderate smokers, respectively. The family his-
tory of smoking was more often reported by individuals
in groups 1 and 2 (75% and 68.4%, respectively) com-
pared with individuals in groups 3 and 4 (19.04% and
15%, respectively). Toothbrushing twice daily was more
often performed by individuals in groups 2 and 4 (84.2%
and 85%, respectively) compared with individuals in
Group-1 (15%). In Group-3, all individuals reported that
they brushed teeth once daily. None of the individuals in
groups 1 and 3 were performing flossing of interproximal
spaces; and 78.9% and 80% of the individuals in groups 2
and 4, respectively were performing interproximal floss-
ing once daily. In groups 1, 2, 3 and 4, participants visited
a dentist/dental hygienist 3.1+1.6, 0.8£0.2, 3.5£1.5 and
0.710.2 years ago, respectively. These results are shown
in Table 1.

Implant-related characteristics

All implants were platform-switched, were placed at
bone-level and had moderately rough surfaces. All
implants were loaded with cement-retained restora-
tions and diameters and lengths ranging between 4.1

Excluded individuals: n=39

Individuals invited (n=127)
* 98 males
* 29 females

A 4

11 self-reported diabetic males
7 male dual smokers

v

29 females declined participation

Individuals included (n=80)
* 80 males

A A 4

A 4 A 4

Group-1 (n=20) Group-2 (n=19)

Cigarette-smokers with
peri-implant mucositis

Cigarette-smokers without
peri-implant mucositis

peri-implant mucositis

Group-3 (n=21) Group-4 (n=20)

Non-smokers without
peri-implant mucositis

Non-smokers with

Fig. 1 Recruitment of study participants
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Table 1 Characteristics of patient cohort

Parameters Group-1 Group-2 Group-3 Group-4
Participants (n) 20 19 21 20

Gender (male) 20 19 21 20

Age in years (mean+SD) 50.1+4.5 years 52.6+5.2 years 553+5.8 years 51.8+5.1 years
Pack years NA NA

Light smokers (n) 11.8+3.17 pack years (n=6) 11.5+2.5 pack years (n=19) NA NA

Moderate smokers (n) 29.2+5.5 pack years (n=12) None NA NA

Heavy smokers (n) 49+4.9 pack years (n=2) NA NA NA

All smokers (n) 2594121 pack years (n=20) 11.5+2.5 pack years (n=19) NA NA

Family history of smoking (%) (n) 75% (n=15) 684% (n=13) 19.04% (n=4) 15% (n=3)
Toothbrushing

Once daily 85% (n=17) 15.8% (n=3) 100% (n=21) 15% (n=3)
Twice daily 15% (n=3) 84.2% (n=16) NA 85% (n=17)
Not at all NA NA NA NA
Interproximal flossing

Once daily None 789% (n=15) None 80% (n=16)
Twice daily None NA None None

Not at all 100% (n=20) 21.1% (n=3) 100% (n=21) 20% (n=4)
Last visit to dentist/hygienist 3.1+1.6yearsago 0.8+0.2 years ago 3.5+ 1.5 years ago 0.7+0.2 years ago

Group-1—Cigarette-smokers with PM; Group-2—Cigarette-smokers without PM; Group-3—Non-smokers with PM; and Group-4—Non-smokers without PM; light-

smokers (up to 20 PY); moderate-smokers (20.1-40.0 PY), and heavy-smokers>40 PY

Table 2 Characteristics of implants in the study groups

Parameters Group-1 Group-2 Group-3 Group-4
Number of implants 20 19 21 20

Jaw location

Maxilla : Mandible 12:8 10:9 12:9 10:10

Anterior maxilla None 1 implant 4 implants 2 implants
Anterior mandible None None None None

Posterior maxilla 12 implants 10 implants 4 implants 8 implants
Posterior mandible 8implants 8implants 13 implants 10 implants
Implant surface Moderately rough Moderately rough Moderately rough Moderately rough

Platform switched
41t048/10to 14 mm
30to 35 Necm

Crestal

Implant abutment connection

Implant dimensions (diameter x length)
Insertion torque

Depth of implant insertion

Implant prosthesis retention

Duration in function (in years)

Cement-retained
3.15+09 years”

Platform switched
4.1t048/10to 14 mm
30to 35 Nem

Crestal
Cement-retained
0.7£0.5 years

Platform switched
41to5/10to 14 mm
30to 35 Necm

Crestal

Platform switched
4.1t04.8/10to 14 mm
30to 35 Nem

Crestal
Cement-retained
52414 years'

Cement-retained
1.7£0.8 years

Group-1—Cigarette-smokers with PM; Group-2—Cigarette-smokers without PM; Group-3—Non-smokers with PM; and Group-4—Non-smokers without PM.
Posterior: Implants located in areas of missing premolars or molars; Anterior: Implants located in areas of missing incisors or canines “Compared with group 2

(P<0.05) and 3 (P<0.05), fCompared with group 2 (P<0.05) and 3 (P<0.05)

and 4.8 and 10 and 14 mm, respectively. The total num-
ber of implants in groups 1, 2, 3 and 4 were 20, 19, 21
and 20, respectively. In groups 1, 2, 3 and 4, 12, 10, 12
and 10 implants were in the maxilla, respectively; and the
remaining were located in the mandible. In all groups,
most of the implants were present in the posterior jaws in
the regions of missing premolars or molars. In all groups,
the implants had been inserted at insertion torques rang-
ing from 30 to 35 Ncm and were in function for 3.15+0.9,
0.71+0.5, 1.7£0.8 and 5.2%1.4 years in groups 1, 2, 3 and
4, respectively as shown in Table 2.

Clinical and radiographic peri-implant parameters

The mPI was significantly higher in Group-1 compared
with Group-2 (P<0.05) and Group-4 (P<0.05). The mPI
was significantly higher in Group-3 comparted with
Groups 2 (P<0.05) and 4 (P<0.05). The mGI was sig-
nificantly higher in Group-3 compared with groups 1
(P<0.05), 2 (P<0.05) and 4 (P<0.05). The PD was sig-
nificantly higher in Group-1 compared with Group-2
(P<0.05) and Group-4 (P<0.05). The PD was significantly
higher in Group-3 comparted with Groups 2 (P<0.05)
and 4 (P<0.05). There was no statistically significant dif-
ference in medial and distal CBL in all groups (Table 3).
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Table 3 Peri-implant clinical and radiological parameters

Peri-implant parameters Group-1 Group-2 Group-3 Group-4
Modified plaque index 0.88+0.05" 0.2+0.005 0.54+0.04° 0.22+0.06
Modified gingival index 0.23+0.03 0.23+0.08 0.84+0.12* 0.21+0.08
Probing depth (in mm) 58+1.05mm’" 12+0.16 mm 414008 mm® 1.1+0.2 mm
Crestal bone loss (mesial) 0.54+0.15 mm 035+0.12mm 0.45+0.16 mm 0.26+0.05 mm
Crestal bone loss (distal) 0.56+0.17 mm 0.38+0.16 mm 0.48+0.15 mm 0.28+0.07 mm

Group-1—Cigarette-smokers with PM; Group-2—Cigarette-smokers without PM; Group-3—Non-smokers with PM; and Group-4—Non-smokers without PM
“Compared with Group-2 (P<0.05) fCompared with Group-4 *Compared with Group-1 (P<0.05), Group-2 (P<0.05) and Group-4 (P<0.05)

Table 4 Isolation and colony for units of yeasts in the
subgingival biofilm

Parameters Group-1 Group-2 Group-3 Group-4
Isolation of 20 (100%) 7 (36.8%) 14 (66.7%) 4 (20%)
yeasts (n)

Colony 1487442053 7876+£1023 10264+1147 2362+715
forming CFU/ml® CFU/m! CFU/mlt CFU/ml
units

“Compared with group-2 (P<0.05) and Group-4 (P<0.05)
fCompared with group-2 (P<0.05) and Group-4 (P<0.05)

Isolation and colony for units of yeasts in the subgingival
biofilm

Yeasts were isolated from SB in 100%, 36.8%, 66.7% and
20% individuals in groups 1, 2, 3 and 4, respectively. The
CFU/ml were significantly higher in Group-1 compared
with individuals in groups 2 (P<0.05) and 4 (P<0.05).
The CFU/ml were significantly higher in Group-3 com-
pared with individuals in groups 2 (P<0.05) and 4
(P<0.05) (Table 4).

Correlation between smoking pack years, probing depth,
interproximal flossing and oral yeasts colony forming units
In Group-1, the yeasts CFU/ml in the SB were statisti-
cally significantly correlated with smoking pack-years
(P<0.001) and peri-implant PD (P<0.01). In Group-2,
there was no statistically significant correlation between
smoking pack-years and peri-implant PD and yeasts
CFU/ml in the SB (Fig. 2). In Group-3, there was a sta-
tistically significant correlation between peri-implant
PD and yeasts CFU/ml in the SB (P<0.01); whereas in
Group-4, there was no statistically significant correlation
between peri-implant PD and yeasts CFU/ml in the SB
(Fig. 3). In Group 2, there was a statistically significant
correlation between daily flossing of interproximal spaces
and yeasts CFU/ml in the SB (Fig. 4). There was no corre-
lation between daily flossing of interproximal spaces and
yeasts CFU/ml in the SB in groups 1, 3 and 4. There was
no correlation between age, family history of smoking,
implant dimensions (diameter and length), duration for
which implants were in function, mPI, mGI and CBL and
yeasts CFU/ml in the SB in all groups.

Discussion

The authors applaud results from a clinical investigation
by Canabarro et al. [25], which investigated the poten-
tial connection between the SYC and severity of peri-
odontal disease. The results showed that the CFU/ml of
OY were significantly higher in the SB samples collected
from patients with periodontitis in contrast to those col-
lected from individuals with a healthy periodontal status.
Authors of the present investigation applaud the results
by Canabarro et al. [25] as CFU/ml of yeasts in SB were
significantly higher among cigarette-smokers and non-
smokers with PM (Group-1 and Group-3) compared with
non-smokers without PM (Group-4). It is suggested that
a variety of mechanisms contribute to this context. Nic-
otine is a major component of tobacco, which has been
shown to have immunomodulatory effects [26]. Studies
[6, 27, 28] have proposed that chronic nicotine exposure
to tissues suppresses the immune response creating an
immunocompromised state, which allows opportunistic
microbes including yeasts to thrive and colonize the oral
mucosa. Moreover, nicotine induced changes in the oral
epithelium may create microlesions and/or disruptions
providing entry-points for yeasts species to adhere and
establish infections [29]. In a laboratory-based investi-
gation focusing on titanium surfaces [30], the virulence
of OY (predominantly C. albicans) within mixed-species
biofilms, which included P. gingivalis and Streptococcus
sanguis was assessed. The findings revealed that when
coexisting with pathogenic bacteria, including the afore-
mentioned species, C. albicans exhibited an elevated
proportion of hyphae and an upregulation of hydrolytic
enzymes [30]. The study [30] concluded that in conjunc-
tion with pathogenic bacteria found in oral biofilms, C.
albicans expresses virulence factors that could potentially
contribute to the development of peri-implant diseases.
Furthermore, according to Nagler RM [31] nicotine
jeopardizes salary flow rates and composition thereby
compromising the ability of saliva to inhibit microbial
growth; thus contributing to an environment favorable
for yeasts colonization. Nevertheless, it is important to
note that the relationship between nicotine and OYC is
complex and further research is needed to elucidate the
underlying mechanisms. Additionally, other components
of tobacco smoke and their interactions with nicotine
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in groups 3 and 4

may also contribute to the observed effects on oral and
peri-implant tissues.

An intriguing observation was noted in Group-2, where
individuals, despite being cigarette smokers, exhibited
healthy peri-implant tissues with significantly lower col-
ony-forming units per milliliter (CFU/ml) in the SB com-
pared to Group-1, as outlined in Table 4. One plausible
explanation for this discrepancy may be linked to the

duration of the cigarette smoking habit within these two
groups. Notably, individuals in Group-1 had an approxi-
mate smoking history of 26 pack years, while those in
Group-2 had a significantly shorter smoking duration,
totaling nearly 12 pack years. The diminished duration of
smoking among individuals in Group-2 could potentially
account for the lower yeast CFU in the SB compared
to Group-1. Another factor worth considering is the
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duration for which implants were functional. In Group-
1, the implants had been in function for approximately
3 years, whereas in Group-2, the duration was markedly
shorter at around 8 months. This discrepancy in implant
duration might explain the absence of peri-implant dis-
eases and the lower yeast CFU/ml observed in Group-2.
It is noteworthy, however, that a substantial majority (at
least 80%) of individuals in Group-2 adhered to a diligent
oral hygiene routine, including brushing twice daily and
daily flossing of interproximal spaces in nearly 79% of the
population. Furthermore, individuals in Group-2 seemed
to be visiting oral healthcare providers and attaining
routine dental prophylaxis compared with individuals in
groups 1 and 3. The possible contribution of these factors
towards maintaining peri-implant health in these patients
cannot be overlooked. The results of logistic regression
analysis indicated a significant increase in CFU/ml for
specific SYC among individuals in Group-2 who did not
engage in daily flossing of interproximal spaces compared
to those who practiced daily dental flossing within the
same group. Despite these positive oral hygiene practices,
it is essential to emphasize that the maintenance of rou-
tine oral hygiene should not be construed as justification
for the continued use of nicotinic products in general. In
a prior investigation, Krishnan et al. [22] reported an ele-
vated presence of SYC in the SB among individuals with
periodontitis, regardless of their smoking status. Building
upon this research, the current study establishes a sta-
tistically significant correlation between SYC, smoking
duration (pack-years), and periodontal PD. The authors
of this study commend these findings, noting a signifi-
cant increase in SYC within the SB among both smokers
and non-smokers with peri-implant mucositis (groups 1
and 3, respectively). In both groups, a robust statistical
correlation was identified between pack-years of smoking
and PD. This suggests that individuals classified as mod-
erate and heavy cigarette smokers face an elevated risk
of developing peri-implant diseases and hosting elevated
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colonies of pathogenic microbes, including yeast spe-
cies, within the SB, as compared to their counterparts
who are light smokers or non-smokers. It is strongly rec-
ommended that community-based initiatives, focusing
on anti-tobacco measures and oral health promotion,
be regularly conducted to educate the public about the
adverse impacts of smoking on oral, periodontal, peri-
implant, and overall health. Emphasizing the advantages
of consistent oral hygiene practices is crucial for fostering
a superior oral health-related quality of life.

One limitation of the present study is that all partici-
pants were male. It has been reported that OYC varies
among males and females with periodontal inflammation
[21]. The postmenopausal phase has been associated with
an increased OYC in females compared with males [21].
Therefore, it is hypothesized that the SYC in in the peri-
implant sulci of females than males with peri-implant
diseases. Moreover, identification of yeasts species was
not performed in the present study. The primary reason-
ing for this was the limitation of resources that hindered
further analyses such as polymerase chain reaction and
DNA sequencing for yeast species identification. It is
however, anticipated that most of the yeasts species in
the SB were C. albicans as it is the most common yeasts
species isolated from the oral cavity according to previ-
ous oral investigations [2, 3, 32]. Further power adjusted
and well-designed studies are needed to test these
hypotheses.

Limitations

One limitation of the current study lies in the exclusive
inclusion of male participants. Previous research has
indicated variations in oral yeast carriage between males
and females with periodontal inflammation, with post-
menopausal females demonstrating increased oral yeast
colonization compared to males [21]. Consequently, it is
postulated that females may exhibit higher SYC counts
in peri-implant sulci than males in the context of peri-
implant diseases. Additionally, the identification of yeast
species was not undertaken in the present study. This
decision was influenced by resource limitations that
impeded more extensive analyses, such as polymerase
chain reaction and DNA sequencing for yeast species
identification. However, it is anticipated that most yeast
species in the SB were C. albicans, given its prevalence
as the most isolated yeast species from the oral cavity in
previous investigations. Furthermore, immunocompro-
mised individuals such as diabetic patients were excluded
from the current investigation. It has been reported that
peri-implant inflammatory conditions are worse and SYC
is higher in diabetic compared with systemically healthy
individuals [8, 33]. Therefore, it is likely that the CFU/ml
of SYC in SB of diabetic smokers is higher than non-dia-
betic smokers and non-smokers. Additional robust, and
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adequately powered studies are warranted to empirically
test these hypotheses.

Conclusion

Peri-implant soft-tissue inflammatory parameters are
worse and SYC is higher in moderate smokers than light
smokers with PM and non-smokers without PM.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512903-024-04868-5.

[ Supplementary Material 1 ]

Acknowledgements

Princess Nourah bint Abdulrahman University Researchers Supporting Project
number (PNURSP2024R499), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Author contributions

SMA designed the study, performed the literature search and clinical and
radiographic investigations, made the tables and figures and wrote the
manuscript. ASA supervised the study, performed the microbial investigations
and wrote the manuscript and revised it prior to submission.

Funding

Princess Nourah bint Abdulrahman University Researchers Supporting Project
number (PNURSP2024R499), Princess Nourah bint Abdulrahman University,
Riyadh, Saudi Arabia.

Data availability
Data is available upon reasonable request.

Declarations

Human ethics and consent to participate

The research protocol underwent rigorous review and received approval
from an independent ethical committee, confirming its compliance with
ethical standards. This clinical study adhered to the principles of research
ethics, ensuring the protection and well-being of participants. Participation
in the study was entirely voluntary, and all individuals provided informed
consent before inclusion. Throughout the study, participants were accorded
the freedom to ask questions and seek clarifications regarding any aspect of
the research. Importantly, all participants retained the autonomy to withdraw
from the study at any stage without incurring any penalties or negative
consequences. This commitment to voluntary participation, informed
consent, and participant autonomy underscores our dedication to upholding
the highest ethical standards in clinical research. The ethical approval was
granted by the Institutional Review Board at the Riyadh EIm University, Riyadh,
Saudi Arabia (Registration No. FRP/2024/543).

Clinical trial number
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 3 August 2024 / Accepted: 5 September 2024
Published online: 29 October 2024

Page 9 of 10

References

1.

2.

17.

20.

21.

22.

23.

24.

Samaranayake L. Commensal oral Candida in Asian cohorts. Int J Oral Sci.
2009;1(1):2-5.

Mokeem SA, Abduljabbar T, Al-Kheraif AA, Alasgah MN, Michelogiannakis D,
Samaranayake LP, Javed F. Oral Candida carriage among cigarette- and water-
pipe-smokers, and electronic cigarette users. Oral Dis. 2019;25(1):319-26.
Alrabiah M, Alshagroud RS, Alsahhaf A, Aimojaly SA, Abduljabbar T, Javed F.
Presence of Candida species in the subgingival oral biofilm of patients with
peri-implantitis. Clin Implant Dent Relat Res. 2019,21(4):781-5.

Akram Z, Al-Kheraif AA, Kellesarian SV, Vohra F, Javed F. Comparison of oral
Candida carriage in waterpipe smokers, cigarette smokers, and non-smokers.
J Oral Sci. 2018;60(1):115-20.

Peterson DE. Oral candidiasis. Clin Geriatr Med. 1992;8(3):513-27.

Algahtani F. Role of oral yeasts in the etiopathogenesis of peri-implantitis:

an evidence-based literature review of clinical studies. Arch Oral Biol.
2020;111:104650.

Souza JGS, Costa RC, Sampaio AA, Abdo VL, Nagay BE, Castro N, Retamal-
Valdes B, Shibli JA, Feres M, Bardo VAR et al. Cross-kingdom microbial interac-
tions in dental implant-related infections: is Candida albicans a new villain?
iScience 2022, 25(4):103994.

Heitz-Mayfield LJA, Salvi GE. Peri-implant mucositis. J Clin Periodontol.
2018;45(Suppl 20):5237-45.

Renvert S, Persson GR, Pirih FQ, Camargo PM. Peri-implant health, peri-
implant mucositis, and peri-implantitis: case definitions and diagnostic
considerations. J Periodontol. 2018;89(Suppl 1):5304-12.

Aldosari LIN, Hassan SAB, Alshadidi AAF, Rangaiah GC, Divakar DD. Short-term
influence of antimicrobial photodynamic therapy as an adjuvant to mechani-
cal debridement in reducing soft-tissue inflammation and subgingival
yeasts colonization in patients with peri-implant mucositis. Photodiagnosis
Photodyn Ther. 2023;42:103320.

Javed F, Rahman |, Romanos GE. Tobacco-product usage as a risk factor for
dental implants. Periodontol 2000. 2019;81(1):48-56.

Javed F, Nasstrom K, Benchimol D, Altamash M, Klinge B, Engstrom PE.
Comparison of periodontal and socioeconomic status between subjects
with type 2 diabetes mellitus and non-diabetic controls. J Periodontol.
2007;78(11):2112-9.

Wagenknecht DR, BalHaddad AA, Gregory RL. Effects of nicotine on oral
microorganisms, human tissues, and the interactions between them. Curr
Oral Health Rep. 2018;5:78-87.

Haghighi F, Andriasian L, Tran NC, Lux R. Effect of cigarette and E-Cigarette
smoke condensates on Candida albicans Biofilm formation and gene expres-
sion. Int J Environ Res Public Health 2022, 19(8).

Alves LB, Coelho T, de Azevedo RA, Dos Santos JN, Neves FS, Cury PR.
Systemic risk indicators for peri-implant diseases in individuals with implant-
supported fixed prostheses: a cross-sectional study. Int J Oral Implantol (Berl).
2020;13(3):255-66.

Shimchuk AA, Weinstein BF, Daubert DM. The impact of a change in classifi-
cation criteria on the prevalence of peri-implantitis: a cross-sectional analysis.
J Periodontol. 2021;92(9):1339-46.

Lee YH, Shin MH, Kweon SS, Choi JS, Rhee JA, Ahn HR, Yun WJ, Ryu SY, Kim BH,
Nam HS, et al. Cumulative smoking exposure, duration of smoking cessation,
and peripheral arterial disease in middle-aged and older Korean men. BMC
Public Health. 2011;11:94.

Loe H, Silness J. Periodontal disease in pregnancy |. Prevalence and severity..
Acta Odontol Scand. 1963;21:533-51.

Ainamo J, Bay I. Problems and proposals for recording gingivitis and plaque.
Int Dent J. 1975;25(4):229-35.

Armitage GC, Svanberg GK, Lée H. Microscopic evaluation of clinical
measurements of connective tissue attachment levels. J Clin Periodontol.
1977;4(3):173-90.

Javed F, Klingspor L, Sundin U, Altamash M, Klinge B, Engstrom PE. Periodon-
tal conditions, oral Candida albicans and salivary proteins in type 2 diabetic
subjects with emphasis on gender. BMC Oral Health. 2009;9:12.

Santhana Krishnan G, Naik D, Uppoor A, Nayak S, Baliga S, Maddi A. Candidal
carriage in saliva and subgingival plaque among smokers and non-smokers
with chronic periodontitis-a cross-sectional study. PeerJ. 2020;8:e8441.
Darwazeh AM, Al-Dwairi ZN, Al-Zwairi AA. The relationship between tobacco
smoking and oral colonization with Candida species. J Contemp Dent Pract.
2010;11(3):017-24.

Arya CP, Jaiswal R, Tandon A, Jain A. Isolation and identification of oral
Candida species in potentially malignant disorder and oral squamous cell
carcinoma. Natl J Maxillofac Surg. 2021;12(3):387-91.


https://doi.org/10.1186/s12903-024-04868-5
https://doi.org/10.1186/s12903-024-04868-5

Almeslet and Aljudaibi BMC Oral Health

25.

26.

27.

28.

29.

30.

(2024) 24:1312

Canabarro A, Valle C, Farias MR, Santos FB, Lazera M, Wanke B. Association of
subgingival colonization of Candida albicans and other yeasts with severity
of chronic periodontitis. J Periodontal Res. 2013;48(4):428-32.

Friedman H, Newton C, Klein TW. Microbial infections, immunomodulation,
and drugs of abuse. Clin Microbiol Rev. 2003;16(2):209-19.

Okada K, Matsuo K. Nicotine exerts a stronger Immunosuppressive Effect
Than its structural analogs and regulates experimental colitis in rats. Biomedi-
cines 2023, 11(3).

Saranyutanon S, Acharya S, Deshmukh SK, Khan MA, Singh S, Singh AP.
Nicotine causes alternative polarization of macrophages via src-mediated
STAT3 activation: potential pathobiological implications. J Cell Physiol.
2022,237(2):1486-97.

Lee J, Cooke JP.The role of nicotine in the pathogenesis of atherosclerosis.
Atherosclerosis. 2011;215(2):281-3.

Cavalcanti YW, Wilson M, Lewis M, Del-Bel-Cury AA, da Silva WJ, Williams DW.
Modulation of Candida albicans virulence by bacterial biofilms on titanium
surfaces. Biofouling. 2016;32(2):123-34.

31.

32.

33.

Page 10 of 10

Nagler RM. Salivary glands and the aging process: mechanistic aspects,
health-status and medicinal-efficacy monitoring. Biogerontology.
2004;5(4):223-33.

Javed F, Al-Kheraif AA, Kellesarian SV, Vohra F, Romanos GE. Oral Candida car-
riage and species prevalence in denture stomatitis patients with and without
diabetes. J Biol Regul Homeost Agents. 2017;31(2):343-6.

Hammad MM, Darwazeh AM, Idrees MM. The effect of glycemic control on
Candida colonization of the tongue and the subgingival plaque in patients
with type Il diabetes and periodontitis. Oral Surg Oral Med Oral Pathol Oral
Radiol. 2013;116(3):321-6.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Peri-implant clinical profile and subgingival yeasts carriage among cigarette-smokers with peri-implant mucositis
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethical guidelines
	﻿Protocol for patient eligibility for inclusion
	﻿Definition of peri-implant mucositis and peri-implant health
	﻿Groups
	﻿Questionnaire and evaluation of dental records
	﻿Clinical and radiologic investigations
	﻿Collection of subgingival oral biofilm samples
	﻿Assessment of subgingival yeasts colony forming units
	﻿Sample-size estimation (power analysis) and statistical analyses

	﻿Results
	﻿Study participants
	﻿Characteristics of patient cohort
	﻿Implant-related characteristics
	﻿Clinical and radiographic peri-implant parameters
	﻿Isolation and colony for units of yeasts in the subgingival biofilm
	﻿Correlation between smoking pack years, probing depth, interproximal flossing and oral yeasts colony forming units

	﻿Discussion
	﻿Limitations

	﻿Conclusion
	﻿References


