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Efficacy of 0.12% Chlorhexidine and Salvadora persica-based 

Mouthwash in Reducing Oral Candida Carriage and  

Periodontal Inflammation in Cigarette Smokers and Non-smokers 

after Non-surgical Periodontal Therapy

Amani M. Basudana / Abeer S. Al-Zawawia / Darshan Devang Divakarb / Marwa Y. Shaheenc / Hajer A. Aldulaijand 

Purpose: The present study assessed the efficacy of 0.12% chlorhexidine (CHX) and Salvadora persica-based mouthwashes 

(SPM) in reducing oral Candida carriage (OCC) and periodontal inflammation in cigarette smokers and non-smokers after 

non-surgical periodontal treatment (NSPT).

Materials and Methods: Self-reported cigarette smokers and non-smokers with periodontal inflammation as well as non-

smokers with a healthy periodontal status were included. NSPT was performed in all participants. Based on the type of 

mouthwash, participants were randomly divided into three groups as follows: group 1: CHX; group 2: SPM; and group 3: 

distilled water (ddH2O) with mint flavour (control group). Clinical attachment loss (CAL), plaque index (PI), gingival index 

(GI), probing depth (PD), and marginal bone loss (MBL) were measured. Clinical periodontal parameters were re-assessed 

at a 6-week follow-up. Oral yeast samples were collected and identified using a concentrated oral-rinse culture technique 

and PCR, respectively. Clinical and laboratory-based investigations were done at baseline and after six weeks. Statistical 

significance was set at p < 0.05.

Results: At baseline, PI, MBL, PD and CAL were comparable in all participants. None of the patients had periodontitis at 

baseline. Post-operatively, CHX and SPM were more effective in reducing PI (p < 0.01), GI (p < 0.01) and PD (p < 0.01) in non-

smokers than in the control group. The OCC was statistically significantly higher among smokers compared with non-

smokers at baseline. At the 6-month follow-up, CHX was more effective than SPM in reducing OCC in non-smokers 

(p < 0.01). At the 6-week follow-up, there was no difference in OCC among cigarette smokers regardless of the type of 

mouthwash prescribed postoperatively.

Conclusion: In cigarette smokers and non-smokers, CHX and SPM are effective in reducing periodontal soft-tissue inflam-

mation after NSPT. Post-operative use of CHX is more effective than SPM in reducing OCC.
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A compromised oral hygiene status is the most common risk 

factor for periodontal inflammation.3,38 Another local fac-

tor that has been linked with the aetiology and progression of 

oral diseases, e.g. periodontal disease, is habitual use of com-

bustible tobacco products such as cigarettes.20 Studies12,20,34,46 

have shown that cigarette smokers are more susceptible to 

periodontal diseases compared with non-smokers. Moreover, 

from a mycological point of view, poor oral hygiene mainte-

nance and habitual smoking are associated with an increase in 

the counts and colonisation of oral yeast species (predomi-

nantly Candida albicans), which otherwise is part of the com-

mensal oral flora.22,30,32,45 It is speculated that an increase in 

the counts of oral yeasts may potentially predispose vulnerable 

patient populations to oral diseases such as periodontal dis-

ease and candidiasis.

PERIODONTOLOGY
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Non-surgical periodontal treatment (NSPT) involves me-

chanical debridement of teeth and root surfaces and periodon-

tal pockets; and is the most common therapeutic protocol used 

for treating periodontal inflammatory conditions.3 As a pro-

phylactic measure, oral rinses or mouthwashes are often used 

by individuals for routine oral hygiene maintenance. Moreover, 

mouthwashes such as 0.12% chlorhexidine (CHX) are also pre-

scribed by dental professionals following NSPT. Although 

usage of CHX is a safe and effective prophylactic pharmaceuti-

cal agent for the management of oral inflammatory conditions 

such as gingivitis and periodontitis, it may sometimes trigger 

unpleasant symptoms such as a burning sensation in mouth, 

tooth staining, and mucositis in some patients.25,36,40 In a re-

cent randomised control trial (RCT), Al-Zawawi et al3 showed 

that mouthwashes based on natural products such as essential 

oils are a suitable replacement for CHX in patients with CHX 

allergy. One justification for this is that essential oil extracts 

exhibit anti-inflammatory, anti-nociceptive and anti-microbial 

properties.18,24,44 Salvadora persica (S. persica), commonly 

known as miswak in the Middle-Eastern world, is a medicinal 

herb that exhibits anti-inflammatory, antibacterial, and anti-

oxidant effects.9,29,35 Clinical studies2,23 have shown that S. 
persica-based mouthwash (SPM) improves periodontal health 

and facilitates plaque control. However, results from a recent 

RCT2 reported that the anti-inflammatory efficacy of SPM is 

lower than that of CHX. From a mycological perspective, results 

from in-vitro studies5,35 have shown that S. persica extracts are 

natural inhibitors of Candida growth. Clinical studies10,43 have 

also shown that S. persica extracts contribute to reduction in 

plaque and gingival indices (PI and GI, respectively). A meticu-

lous review of pertinent indexed literature showed that no 

studies exist which have compared the anti-inflammatory and 

anti-fungal efficacy of CHX and SPM in cigarette smokers and 

non-smokers with periodontal inflammation. 

The present study assessed the efficacy of 0.12% CHX and a 

SPM in reducing oral Candida carriage (OCC) and periodontal 

inflammation in cigarette smokers and non-smokers after NSPT. 

The null hypothesis is that there is no difference in the anti-in-

flammatory and anti-fungal efficacy of CHX and SPM in ciga-

rette smokers and non-smokers with periodontal inflammation. 

MATERIALS AND METHODS

Ethics Approval and Consent to Participate
The 2013-revised Guidelines of the Declaration of Helsinki in-

volving human subjects were followed. Individuals were pro-

vided written information about the objectives and methodol-

ogy of the present investigation. All subjects were asked to read 

and sign a written informed consent form. All individuals were 

also aware that refusal to participate or withdrawal at any 

stage did not bear consequences. This RCT was registered and 

approved by the ethics research committee of the Sharavathi 

Dental College and Hospital, Shivamogga, Karnataka, India (ap-

proval # SDC/SMG/2022148). Irrespective of their decision to 

participate in the present study, all individuals were educated 

about the detrimental effects of smoking on overall health, and 

the importance of routine oral hygiene for a healthy lifestyle. 

Eligibility Protocol
Self-reported cigarette smokers and non-smokers with peri-

odontal inflammation as well as non-smokers with a healthy 

periodontal status were included. Cigarette smokers were de-

fined as individuals who had smoked at least one cigarette 

daily for at least the past twelve months.4 Participants that 

reported to have never used any type of nicotinic/tobacco 

product were classified as ‘non-smokers’.4 Periodontal in-

flammation was defined using the following parameters in at 

least 30% sites: (1) presence of dental plaque and gingival 

bleeding upon gentle probing; (2) probing depth (PD) of at 

least 3 mm; (3) clinical attachment loss (CAL) of at least 

1 mm.11 A healthy periodontal status was defined as no CAL, 

PD < 3 mm, and gingival bleeding at ≤ 10% sites.13 Dual-smok-

ers and individuals using other forms of combustible and 

smokeless tobacco-product users (such as waterpipe, pipe, 

cigar and snuff, respectively) were not included. Moreover, 

patients with self-reported systemic illnesses, such as respira-

tory, metabolic, or cardiovascular diseases, were excluded. 

Habitual alcohol usage, refusal to sign the consent form, and 

pregnancy/lactation were also exclusion criteria. Individuals 

who reported to have consumed medications (such as 

bisphosphonates, steroids, probiotics, antibiotics, and non-

steroidal anti-inflammatory drugs) were not included. From a 

dental perspective, third molars, supernumerary teeth and 

remaining root remnants were not evaluated and were con-

sidered missing.

Study Design and Groups
A single-blinded parallel-arm design was adopted in the cur-

rent investigation. Based upon baseline periodontal status, 

patients were classified as: (1) cigarette smokers with peri-

odontal inflammation; (2) non-smokers with periodontal in-

flammation; (3) non-smokers without periodontal inflamma-

tion. Individuals in each group were further sub-classified into 

three groups depending on the type of mouthwash prescribed: 

(a) non-alcoholic 0.12% CHX group; (b) non-alcoholic SPM (Hi-

malaya Drug Company, HiOra; Bengaluru, India) group; (c) con-

trol group: distilled water with mint flavour. 

Allocation Concealment, Randomisation, and Blinding
Allocation concealment was carried out by one author (DDD) 

using an independent computer-generated randomisation se-

quence process that was only accessible to the study supervi-

sor. The mouthwashes were placed in an opaque plastic bottle 

with a lid, possessing standardised dimensions, colour, and 

shape. The mouthwashes were given to study participants by 

an investigator blinded to the contents.

Study Location and Patient Demographics
This study was done at the outpatient department of the Col-

lege of Dentistry, Sharavathi Dental College, and Hospital, Shi-

vamogga, Karnataka, India, between August 2021 and March 

2022. Patient demographics (sex, age, brushing and flossing 

habits, systemic health status, most recent visit to an oral 

healthcare provider, and smoking habit) were recorded using a 

questionnaire which was presented to all participants by one 

investigator. 
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Non-surgical Periodontal Treatment
An ultrasonic scaler and sterile curettes (Hu-Friedy; Chicago, IL, 

USA) were used to performed NSPT without administration of 

local anesthesia by one trained investigator. These procedures 

were performed after assessment of baseline clinical parameters. 

Clinical and Radiographic Parameters
The PI42 and GI28 were measured at 4 sites per tooth: midbuccal, 

midpalatal/lingual, mesial and distal. CAL7 and PD8,20 were as-

sessed in millimeters (mm) on 3 buccal (mesio-, mid-, and disto-) 

and 3 lingual/palatal (mesio-, mid-, and disto-) surfaces using a 

graded probe (UNC-15, Hu-Friedy). The number of missing teeth 

(MT) was also recorded. Clinical periodontal parameters were 

assessed at baseline (immediately before NSPT) and at the 

6-week follow-up by a calibrated investigator (Kappa score 0.88). 

At baseline (immediately before NSPT), digital bitewing radio-

graphs were taken for all teeth, and marginal bone loss (MBL) 

was measured to the nearest mm as the perpendicular distance 

from the cementoenamel junction to the alveolar crest.20

Collection of Oral Yeast Samples and Determination of 
Oral Candida Carriage
Oral yeast samples were collected at baseline and at the 

6-week follow-up by a trained investigator using a protocol de-

scribed by Reichart et al.37. According to this protocol, the pal-

ate and dorsum of the tongue were swabbed with a sterile 

swab (Biomerieux; Montalieu-Vercieu, France), after which the 

swab was inserted into the alginate transport medium within 

the tube and immediately cultured at 37°C for 7 days in an aer-

obic environment on Sabouraud’s dextrose agar (Becton Dick-

inson; Sparks, MD, USA).37 The culture plates were inspected 

daily basis for yeast growth. Candida species were determined 

using polymerase chain reaction (PCR) and DNA sequencing. In 

summary, yeast cells were suspended in PCR-grade water 

Enrollment
Excluded individuals 
(n = 136 individuals)  

Refused signing consent 
form (n = 56 individuals) 

Assessed for eligibility  
(n = 383 individuals) 

Individuals agreed to participate  
(n = 191 individuals) 

Allocation and randomization (n = 191) 

Smokers with periodontal inflammation  
(n = 64 individuals) 

Smokers with periodontal inflammation  
(n = 65 individuals) 

Non-smokers without periodontal inflammation  
(n = 62 individuals) 

CHX group  
(n = 22) 

CHX group  
(n = 22) 

CHX group  
(n = 20) 

CHX group  
(n = 20) 

CHX group  
(n = 20) 

CHX group  
(n = 20) 

SPM group   
(n = 20) 

SPM group   
(n = 20) 

SPM group   
(n = 23) 

SPM group   
(n = 23) 

SPM group   
(n = 20) 

SPM group   
(n = 20) 

Distilled 
water group  

(n = 22) 

Distilled 
water group  

(n = 22) 

Distilled 
water group  

(n = 22) 

Distilled 
water group  

(n = 22) 

Distilled 
water group  

(n = 22) 

Distilled 
water group  

(n = 22) 

Follow-up 

Lost to follow-up (n = 0)

Analysis

Fig 1  The study population.
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Statistical Analyses and Sample Size Estimation
Quantitative assessment was done by a statistician who was 

blinded to the study groups. Data normality was determined 

using the Shapiro-Wilk test, and group comparisons were 

made using the one-way ANOVA and Bonferroni post-hoc ad-

justment tests. p-values less than 0.05 were considered statisti-

cally significant. A software programme (Statistical Solutions-

nQuery Advisor-6; Saugas, MA, USA) was used for sample size 

estimation using data from a pilot study. It was estimated that 

inclusion of at least 28 patients per group would be needed to 

attain a study power of 85% with an alpha of 5% to detect a 

2-mm difference in PD and 1-mm difference in CAL, considering 

a mean standard deviation (SD) of 0.5 mm. 

(200 μl) for DNA isolation. A DNA preparation robot (MagNA 

pure, Roche Diagnostics; Mannheim, Germany) was used to 

attain genomic DNA. For DNA sequencing, PCR analysis was 

first performed by amplifying a region (approximately 500 bp) 

of the 18S-ribosomal ribonucleic acid gene using DNA poly-

merase and universal primers. Nucleotides were removed 

using a PCR purification kit (250 QIAquick Qiagen; Hilden, Ger-

many), and DNA was sequenced using capillary electrophoresis 

(ABI 310 Genetic Analyzer, Applied Biosystems; Foster City, CA, 

USA). To minimise the possibility of error during sequencing, 

strands of PCR-amplified DNA fragments were sequenced. For 

yeast identification, DNA sequences were assessed using the 

BLAST-DNA database.

Table 1  Demographic information 

Demographic par-
ameters

Cigarette smokers with periodontal  
inflammation

Non-smokers with periodontal  
inflammation

Non-smokers without  
periodontal inflammation

All  
patients

CHX  
group

SPW  
group

ddH2O 
group

All  
patients

CHX  
group

SPW  
group

ddH2O 
group

All  
patients

CHX  
group

SPW  
group

ddH2O 
group

Participants (n) 64 22 20 22 65 20 23 22 62 20 20 22

Male:Female ratio 36:28 12:9 12 :7 12:12 40:25 12:9 14:6 14:10 39:23 15:8 12 :8 12:7

Mean age  

in years 

45.1± 

7.3 years 

48.4± 

5.5 years

42.6± 

6.4 years

44.6± 

4.8 years

42.8± 

3.6 years

44.8± 

4.1 years

43.4± 

2.5 years

40.5± 

2.4 years

43.7± 

4.4 years

45.6± 

5.4 years

44.3± 

4.7 years

41.2± 

2.3 years

Smoking, pack-years 15.7 12.2 14.6 16.4 NA NA NA NA NA NA NA NA

Toothbrushing 2x 

daily (n) (%)

14  

(21.9%)

5  

(22.7%)

4 

(20%)

5  

(22.7%)

20  

(30.8%)

6 

(30%)

8  

(34.8%)

6 ( 

27.3%)

57  

(91.9%)

18  

(90%)

20  

(100%)

19  

(86.4%)

Daily flossing  

1x daily (n) (%)

— — — — — — — — 50  

(80.6%)

16  

(80%)

18  

(90%)

16  

(72.7%)

Dental visit (within 

12 months

— — — — — — — — 48  

(77.4%)

15  

(75%)

14  

(70%)

19  

(86.4%)

—: no individuals; NA: not applicable.

Table 2  Periodontal status at baseline

Periodontal  
parameters

Cigarette smokers with periodontal  
inflammation

Non-smokers with  
periodontal inflammation

Non-smokers without  
periodontal inflammation

All 
patients

CHX  
group

SPW  
group

ddH2O 
group

All  
patients

CHX  
group

SPW  
group

ddH2O 
grou

All  
patients

CHX  
group

SPW  
group

ddH2O 
group

Plaque index 0.78±0.05* 0.7±0.07* 0.8±0.1* 0.8±0.06* 0.7±0.1 0.6±0.07 0.7±0.08 0.8±0.1 0.35±0.05 0.3±0.07 0.2±0.005 0.3±0.04

Gingival index 0.4±0.1† 0.4±0.05† 0.3±0.02† 0.3±0.06† 0.77±0.1* 0.8±0.1* 0.7±0.04* 0.8±0.04* 0.3±0.003 0.21±0.02 0.36±0.04 0.2±0.02

Probing depth 4.4± 

0.1* mm

4.6± 

0.07 mm*

4.3± 

0.04 mm*

4.5± 

0.1 mm*

4.5± 

0.2 mm

4.6± 

0.05 mm

4.3± 

0.09 mm

4.4± 

0.08 mm

1.5± 

0.05 mm

1.1± 

0.1 mm

1.2± 

0.07 mm

1.1± 

0.08 mm

Clinical 

attachment loss

1.3± 

0.05 mm

1.2± 

0.05 mm

1.4± 

0.06 mm

1.2± 

0.02 mm

0.8± 

0.03 mm

0.7± 

0.08 mm

1.2± 

0.05 mm

1.08± 

0.04 mm

None None None None

Marginal bone loss 

(mesial)

1.6± 

0.2 mm*

1.8± 

0.1 mm*

1.8± 

0.07 mm*

1.7± 

0.06 mm*

1.6± 

0.1 mm*

1.7± 

0.07 mm

1.4± 

0.05 mm

1.7± 

0.1 mm

0.4± 

0.1 mm

0.3± 

0.07 mm

0.5± 

0.04 mm

0.2± 

0.02 mm

Marginal bone loss 

(distal)

1.5± 

0.05 mm*

1.6± 

0.06 mm*

1.5± 

0.03 mm*

1.4± 

0.02 mm*

1.6± 

0.2 mm

1.7± 

0.05 mm

1.4± 

0.04 mm

1.5± 

0.06 mm

0.2± 

0.05 mm

0.1± 

0.005 mm

0.4± 

0.02 mm

0.2± 

0.1 mm

Missing teeth 3.2± 

0.2 teeth

3.6± 

0.1 teeth

2.7± 

0.5 teeth

3.1± 

0.08 teeth

4.1± 

0.2 teeth

3.8± 

0.06 teeth

3.5± 

0.1 teeth

4.5± 

0.04 teeth

1.2± 

0.1 teeth

None 1.4± 

0.1 teeth

1.6± 

0.1 teeth

*Compared with non-smokers without periodontal inflammation (p < 0.01). †Compared with non-smokers with periodontal inflammation (p < 0.01).
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RESULTS

Recruitment of Study Participants
Three hundred eighty-three (383) individuals were initially in-

vited and screened for eligibility. One hundred thirty-six (136) 

individuals did not meet the eligibility criteria and were there-

fore excluded. Of the remaining 247 individuals, 56 individuals 

refused to sign the written informed-consent form. Collec-

tively, 191 individuals (115 males and 76 females) agreed to 

participate in the present study and signed the written in-

formed-consent form. Depending on their smoking and peri-

odontal status, these individuals (n = 191) were divided into 

three groups: cigarette smokers with periodontal inflammation 

(n = 64), non-smokers with periodontal inflammation (n = 65), 

and non-smokers with a healthy periodontal status (n = 62). 

Among cigarette smokers, CHX, SPM and ddH2O were pre-

scribed to 22, 20, and 22 individuals, respectively. Among non-

smokers with periodontal inflammation CHX, SPM, and ddH2O 

were prescribed to 20, 23, and 22 participants, respectively. In 

non-smokers with a healthy periodontal status, CHX, SPM, and 

ddH2O were prescribed to 20, 20, and 22 participants, respect-

ively (Fig 1). 

Demographics of the Study Groups
There was no statistically significant difference in the mean 

ages of individuals in all groups. On average, cigarette 

smokers were smoking 15 cigarettes daily for 21 years (15.7 

pack years). There was no statistically significant difference in 

the smoking history (pack-years) among patients that re-

ceived CHX, SPM, or hhH2O following NSPT. Toothbrushing 

twice daily was more often reported by non-smokers without 

periodontal inflammation in comparison with non-smokers 

and cigarette smokers with periodontal inflammation. Floss-

ing of interproximal spaces and visiting a dentist or dental 

hygienist within the past 6 months was reported by none of 

the non-smokers and cigarette smokers with periodontal in-

flammation. Interdental flossing once daily was reported by 

at least 80% non-smokers without periodontal inflammation, 

and at least 70% of these individuals reported to have visited 

an oral healthcare provider within the past 12 months 

(Table 1). 

Clinical and Radiographic Periodontal Parameters at 
Baseline 
At baseline, PI (p < 0.01), PD (p < 0.01), and MBL (p < 0.01) were 

statistically significantly higher among cigarette smokers and 

non-smokers with periodontal inflammation compared with 

non-smokers without periodontal inflammation. The GI 

(p < 0.01) was statistically significantly higher in non-smokers 

with periodontal inflammation compared with cigarette 

smokers with periodontal inflammation and non-smokers 

without periodontal inflammation. There was no statistically 

significant difference in PI, PD, CAL, and MBL among cigarette 

smokers and non-smokers with periodontal inflammation. 

Smokers with periodontal inflammation  
(n = 64 individuals) 

Smokers with periodontal inflammation  
(n = 65 individuals) 

Non-smokers without periodontal inflammation  
(n = 62 individuals) 
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up
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ro
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Fig 2  Plaque (dark grey bars) and gingival (light grey bars) indices in the study groups at baseline and 6-week follow-up. *Compared with CHX group 

at 6-week follow-up among non-smokers with periodontal inflammation (p < 0.01). †Compared with CHX group at 6-week follow-up among non-smokers 

with periodontal inflammation (p < 0.01). ‡Compared with SPM group at 6-week follow-up among non-smokers with periodontal inflammation 

(p < 0.01). §Compared with SPM group at 6-week follow-up among non-smokers with periodontal inflammation (p < 0.01).



224 Oral Health & Preventive Dentistry

Basudan et al

There was no statistically significant difference in GI in ciga-

rette smokers with periodontal inflammation and non-smok-

ers without periodontal inflammation. There was no statisti-

cally significant difference in the numbers of MT in all groups 

(Table 2).

Clinical Periodontal Parameters at Follow-up
Irrespective of the type of mouthwash prescribed, there was 

no statistically significant difference in PI, GI, PD and CAL 

among cigarette smokers with periodontal inflammation and 

non-smokers without periodontal inflammation compared 

with their respective baseline scores. There was a statistically 

significant reduction in PI (p < 0.01), GI (p < 0.01), and PD 

(p < 0.01) among non-smokers with periodontal inflammation 

that were prescribed CHX and SPM vs individuals who were 

prescribed ddH2O after NSPT. There was no statistically sig-

nificant difference in PI, GI, PD and CAL among non-smokers 

with periodontal inflammation that were prescribed CHX and 

SPM. In all participants, there was no statistically significant 

difference in periodontal parameters in the control group 

(ddH2O group) when baseline values were compared with 

6-week follow-up results (Figs 2 and 3).

Table 3  Oral yeast carriage at baseline 

Oral yeast spe-
cies

Baseline 6-week follow-up

Cigarette smokers  
with periodontal  

inflammation
(n = 64)

Non-smokers  
with periodontal  

inflammation
(n = 65)

Non-smokers  
withoutperiodontal  

inflammation
(n = 62)

Cigarette smokers  
with periodontal  

inflammation
(n = 64)

Non-smokers  
with periodontal  

inflammation
(n = 65)

Non-smokers  
without periodontal 

inflammation
(n = 62)

Candida albicans 
(n) (%)

57 (89.1%) 38 (58.5%) 22 (35.5%) 46 (71.9%) 21 (32.3%) 20 (32.3%)

Candida tropicalis 
(n) (%)

6 (9.4%) 16 (24.6%) 7 (11.3%) 14 (21.9%) 5 (7.7%) 6 (9.7%)

Candida parapsilosis 
(n) (%)

1 (1.6%) 6 (9.2%) None 4 (6.3%) None None

No yeast growth None 5 (7.7%) 33 (53.2%) None 39 (60%) 36 (58%)
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Fig 3  Probing depth (dark grey bars) and clinical attachment loss (light grey bars) in the study groups at baseline and 6-week follow-up. *Compared 

with CHX group at 6-week follow-up among non-smokers with periodontal inflammation (p < 0.01). †Compared with SPM group at 6-week follow-up 

among non-smokers with periodontal inflammation (p < 0.01).
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Oral Yeast Carriage at Baseline
At baseline, oral yeast species were identified in all cigarette 

smokers with periodontal inflammation and 92.3% and 46.8% 

non-smokers with and without periodontal inflammation, re-

spectively. The most common oral yeast species identified in 

the study population was C. albicans, which was isolated from 

89.1% and 58.5% cigarette smokers and non-smokers with 

periodontal inflammation, respectively. Among individuals 

without periodontal inflammation, C. albicans was isolated 

from 35.5% individuals at baseline. C. albicans was more often 

isolated from the oral cavity of cigarette smokers and non-

smokers with periodontal inflammation compared with non-

smokers without periodontal inflammation. The second most 

common yeast species identified in the study groups was C. 
tropicalis. Among cigarette smokers and non-smokers with 

periodontal inflammation, C. parapsilosis was identified in one 

(1.6%) and 6 (9.2%) individuals, respectively (Table 3).

At the 6-week follow-up, OCC was 2.2 times higher in ciga-

rette smokers vs non-smokers with and without periodontal 

inflammation. There was no statistically significant difference 

in OCC in cigarette smokers who were prescribed CHX, SPM or 

ddH2O following NSPT. Among non-smokers with periodontal 

inflammation, oral C. albicans (p < 0.01) and C. tropicalis 

(p < 0.01) carriage was statistically significantly higher in the 

SPM and ddH2O groups compared with individuals who were 

prescribed CHX. Among non-smokers with a healthy periodon-

tal status, there was a statistically significant reduction in C. 
albicans carriage among patients that were prescribed CHX 

(p < 0.01) compared with those who were prescribed SPM and 

ddH2O after NSPT. At the 6-week follow-up, there was no statis-

tically significant difference in OCC among non-smokers who 

received SPM and ddH2O after NSPT (Fig 4).

Correlation Between Age, Gender, Periodontal 
Parameters, Smoking and Oral Yeast Carriage 
There was no statistically significant correlation between OCC 

and age, gender, smoking history (pack-years), and clinical 

periodontal parameters (data not shown).

DISCUSSION

It is important to clarify that in the present investigation, there 

were no stringent criteria to exclusively include cigarette 

smokers with periodontal inflammation. It would have been 

interesting to identify cigarette smokers without periodontal 

diseases and evaluate them from a periodontal and mycologi-

cal perspective; however, based upon the periodontal investi-

gations performed in the current investigation, none of the 

cigarette smokers were devoid of periodontal inflammation. 

This finding confirms previously known evidence that cigarette 

smoking increases the risk of periodontal diseases in suscep-

tible patient populations. Habitual cigarette smoking has been 

shown to increase the expression of inflammatory proteins, 

such as advanced glycation end-products and pro-inflamma-

tory cytokines in oral fluids (e.g. whole saliva).17,31 Based on 

this explanation, it was anticipated that periodontal param-

eters would be poorer among cigarette smokers than non-

smokers with periodontal inflammation at baseline. However, 

the present results showed no statistically significant differ-

ence in PI, GI, PD, MT, CAL and MBL. One clarification for this is 

that cigarette smokers that agreed to participate in the present 

study were ‘light smokers’,27 as they had a smoking history of 

approximately 16 pack-years. This could also explain why none 

of the cigarette smokers had periodontitis. It is therefore an-

Smokers with periodontal inflammation  
(n = 64 individuals) 

Smokers with periodontal inflammation  
(n = 65 individuals) 

Non-smokers without periodontal inflammation  
(n = 62 individuals) 

CHX-g
ro

up

CHX-g
ro

up

CHX-g
ro

up

CHX-g
ro

up

CHX-g
ro

up

CHX-g
ro

up

SPW
-g

ro
up

SPW
-g

ro
up

SPW
-g

ro
up

SPW
-g

ro
up

SPW
-g

ro
up

SPW
-g

ro
up

contro
l-g

ro
up

contro
l-g

ro
up

contro
l-g

ro
up

contro
l-g

ro
up

contro
l-g

ro
up

contro
l-g

ro
up

120

100

80

60

40

20

0

P
e

rc
e

n
ta

g
e

Baseline Baseline Baseline6 weeks follow-up 6 weeks follow-up 6 weeks follow-up
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ticipated that periodontal inflammation and severity of peri-

odontitis is worse in heavy smokers with a smoking history of 

over 40 pack-years. Moreover, it is known that severity of peri-

odontal disease increases with advancing age.15,20,26 According 

to Javed et al,20 periodontal inflammation is worse in individu-

als over 60 years old vs individuals 45 to 49 years of age. In the 

present clinical investigation, all participants were relatively 

young (mid-40s). Furthermore, nicotine reduces gingival blood 

flow, thereby masking the clinical signs of periodontal disease 

among smokers.14 This could serve as an explanation for the 

comparable periodontal parameters among smokers and non-

smokers at baseline. Overall, from a clinical periodontal per-

spective, CHX as well as SPM are effective in reducing peri-

odontal inflammation in susceptible patients. The results of 

Al-Zoman et al6 showed that CHX and SPM are effectivex in re-

ducing gingival bleeding, PD and formation of dental plaque. 

Herbal mouthwashes are a potential replacement for patients 

with CHX allergy, as reported in a recent clinical investigation.3

With reference to OCC, the present results showed no statis-

tically significant difference among cigarette smokers regard-

less of the type of mouthwash prescribed postoperatively. This 

outcome contradicts previous experimental investiga-

tions,5,33,35,43 which demonstrated that extracts from herbs 

including S. persica are natural anti-antifungal agents. It is well 

known that tobacco smoking is a risk factor for increased 

OCC.1,45 Moreover, nicotine (a major and addictive constituent 

of tobacco) increases biofilm thickness as well as yeast adher-

ence.16 It is therefore likely that the cigarette smokers included 

in the current investigation continued to smoke for at least 

until the 6-week follow-up period. This offers an explanation of 

the present results, which showed no statistically significant 

reduction in OCC among cigarette smokers from baseline to 

follow-up. An interesting finding was that among non-smokers, 

the anti-fungal efficacy of CHX was higher than that of SPM. In 

summary, the 6-week follow-up results shown in Fig 4 showed 

a statistically significant reduction in OCC among non-smokers 

who were prescribed CHX in contrast to ddH2O and SPM. Our 

clinical results are in accordance with a previous in-vitro ex-

periment by Siddeeqh et al,41 who concluded that the antimi-

crobial effectiveness of SPM is ‘less’ than that of CHX. Accord-

ing to those authors, alcoholic extracts of S. persica are more 

effective antimicrobial agents than aqueous S. persica extracts. 

Jose et al21 also reported that alcoholic extracts of medicinal 

plants demonstrate a stronger inhibition of pathogenic bac-

teria than do aqueous extracts. Since alcohol is a better solvent 

than water for extracting bioactive herbal compounds, it is 

likely that alcohol-based herbal mouthwashes exert a stronger 

antibacterial and anti-fungal effect than do non-alcoholic 

herbal mouthwashes. It is worth mentioning that the SPM used 

in the present study was non-alcoholic; this factor seems to 

have compromised the anti-Candida efficacy of SPM. Further 

clinical studies are needed to compare the antimicrobial effi-

cacy of alcoholic and non-alcoholic herbal mouthwashes on 

oral and periodontal health. Nevertheless, on ethical grounds, 

it is imperative to respect the fact that culture, religion and cus-

toms may prohibit some individuals from using alcohol-based 

prescriptions. Although assessing the prevalence of oral Can-
dida species was beyond the scope of the present investiga-

tion, we identified C. parapsilosis only in smokers. This result is 

in agreement with a study by Sampath et al,39 according to 

which C. parapsilosis is a yeast species present in the oral envi-

ronment of tobacco-smokers. The possible role of oral yeast 

species in the initiation and progression of periodontal dis-

eases in smokers warrants additional studies.

One limitation of the present study is that the participants 

were relatively young (mid-40s), and none of them had peri-

odontitis. It is speculated that the anti-inflammatory and anti-

fungal efficacy of SPM is compromised in comparison with CHX 

if used for the management of severe periodontitis. Moreover, 

radiographic examination was done only at baseline in the pres-

ent study. This was primarily done to determine the extent of 

marginal bone loss (MBL) in the population and to identify pa-

tients with periodontitis. The present study had a relatively short 

follow-up; furthermore, it was ethically and scientifically chal-

lenging to justify exposing patients to ionising radiation after a 

short-term follow-up. It would have been interesting to include 

another group comprising tobacco smokers with periodontal 

inflammation. However, this requires additional studies with 

long-term follow-up. Furthermore, patients with a compromised 

immune system (such as patients with diabetes mellitus) were 

excluded. Raised glycemic levels (common manifestation in pa-

tients with poorly-controlled diabetes) is a risk factor for in-

creased OCC.19 It is hypothesised that SPM are less effective than 

CHX in terms of reducing OCC among diabetic patients. This war-

rants additional well-designed and power-adjusted clinical trials.

CONCLUSION

Both in cigarette smokers and non-smokers, CHX and SPM are 

effective in reducing periodontal soft-tissue inflammation after 

NSPT. Post-operative use of CHX is more effective than SPM in 

reducing OCC. 

ACKNOWLEDGEMENT

The authors would like to thank the Deanship of Scientific Research at 

King Saud University, Riyadh, Saudi Arabia, for supporting this research 

project. 

REFERENCES

1. 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;60:115–120.

2. Al-Mahmood S, Sabea DW. Comparative evaluation of the effectiveness of 
40% miswak mouthwash and 0.12% chlorhexidine mouthwash in treating 
gingivitis: a blinded, randomised clinical trial. Oral Health Prev Dent 
2021;19:229–233.

3. Al-Zawawi AS, Shaheen MY, Divakar DD, Aldulaijan HA, Basudan AM. Postoper-
ative anti-inflammatory efficacy of 2% saline rinses and a herbal- mouthwash 
after non-surgical periodontal therapy for the management of periodontal in-
flammation in young adults with chlorhexidine allergy: A randomized con-
trolled trial. Int J Dent Hyg 2022;20:408–414.

4. Ali D, AlAhmari F, Mikami T, Baskaradoss JK. Increased expression of ad-
vanced glycation endproducts in the gingival crevicular fluid compromises 
periodontal status in cigarette-smokers and waterpipe users. BMC Oral 
Health 2022;22:206.

5. Alili N, Türp JC, Kulik EM, Waltimo T. Volatile compounds of Salvadora persica 
inhibit the growth of oral Candida species. Arch Oral Biol 2014;59:441–447.



doi: 10.3290/j.ohpd.b4169713 227

Basudan et al

6. Alzoman H, Alojaym TG, Chalikkandy SN, Mehmood A, Rashed F, Divakar DD. 
Comparison of an herbal- and a 0.12% chlorhexidine-based oral rinse as ad-
juncts to nonsurgical mechanical debridement in the management of peri-
implant mucositis: a randomised controlled trial. Oral Health Prev Dent 
2020;18:645–651.

7. Armitage GC, Cullinan MP. Comparison of the clinical features of chronic and 
aggressive periodontitis. Periodontol 2000 2010;53:12–27.

8. Armitage GC, Svanberg GK, Löe H. Microscopic evaluation of clinical measure-
ments of connective tissue attachment levels. J Clin Periodontol 1977;4:173–190.

9. Aumeeruddy MZ, Zengin G, Mahomoodally MF. A review of the traditional and 
modern uses of Salvadora persica L. (Miswak): toothbrush tree of Prophet 
Muhammad. J Ethnopharmacol 2018;213:409–444.

10. Azaripour A, Mahmoodi B, Habibi E, Willershausen I, Schmidtmann I, Willers-
hausen B. Effectiveness of a miswak extract-containing toothpaste on gingival 
inflammation: a randomized clinical trial. Int J Dent Hyg 2017;15:195–202.

11. Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman KS, et al. 
A new classification scheme for periodontal and peri-implant diseases and 
conditions – Introduction and key changes from the 1999 classification. J Clin 
Periodontol 2018;45(suppl 20):S1–S8.

12. Chaffee BW, Couch ET, Vora MV, Holliday RS. Oral and periodontal implica-
tions of tobacco and nicotine products. Periodontol 2000 2021;87:241–253.

13. Chapple ILC, Mealey BL, Van Dyke TE, Bartold PM, Dommisch H, Eickholz P, et 
al. Periodontal health and gingival diseases and conditions on an intact and a 
reduced periodontium: Consensus report of workgroup 1 of the 2017 World 
Workshop on the Classification of Periodontal and Peri-Implant Diseases and 
Conditions. J Clin Periodontol 2018;45(suppl 20):S68–S77.

14. Clarke NG, Shephard BC. The effects of epinephrine and nicotine on gingival 
blood flow in the rabbit. Arch Oral Biol 1984;29:789-793.

15. Ebersole JL, Graves CL, Gonzalez OA, Dawson D 3rd, Morford LA, Huja PE, et 
al. Aging, inflammation, immunity and periodontal disease. Periodontol 2000 
2016;72:54–75.

16. Gunasegar S, Himratul-Aznita WH. Nicotine enhances the thickness of biofilm 
and adherence of Candida albicans ATCC 14053 and Candida parapsilosis 
ATCC 22019. FEMS Yeast Res 2019;19.

17. Jaedicke KM, Preshaw PM, Taylor JJ. Salivary cytokines as biomarkers of peri-
odontal diseases. Periodontol 2000 2016;70:164–183.

18. Javed F, Bello-Correa FO, Nikolaidou A, Rossouw PE, Michelogiannakis D. 
Anti-nociceptive efficacy of essential oil-based extracts for the management 
of orofacial pain: a systematic review of available evidence. Eur Rev Med 
Pharmacol Sci 2021;25:7323–7332.

19. Javed F, Klingspor L, Sundin U, Altamash M, Klinge B, Engström 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.

20. Javed F, Näsström K, Benchimol D, Altamash M, Klinge B, Engström PE. Com-
parison of periodontal and socioeconomic status between subjects with type 2 
diabetes mellitus and non-diabetic controls. J Periodontol 2007;78:2112–2119.

21. Jose M, Cyriac MB, Pai V, Varghese I, Shantaram M. Antimicrobial properties of 
Cocos nucifera (coconut) husk: An extrapolation to oral health. J Nat Sci Biol 
Med 2014;5:359–364.

22. Karayilmaz H, Yalcin-Erman H, Erken-Gungor O, Ozturk Z, Felek R, Kupesiz A. 
Evaluation the oral hygiene conditions, oral Candida colonization and salivary 
Streptococcus mutans and Lactobacilli density in a group of ꞵ-thalassemic 
children and adolescence. Med Oral Patol Oral Cir Bucal 2019;24:e712–e718.

23. Khalessi AM, Pack AR, Thomson WM, Tompkins GR. An in vivo study of the 
plaque control efficacy of Persica: a commercially available herbal mouth-
wash containing extracts of Salvadora persica. Int Dent J 2004;54:279–283.

24. Kommuri K, Michelogiannakis D, Barmak BA, Rossouw PE, Javed F. Efficacy of 
herbal- versus chlorhexidine-based mouthwashes towards oral hygiene 
maintenance in patients undergoing fixed orthodontic therapy: A systematic 
review and meta-analysis. Int J Dent Hyg 2022;20:100–111.

25. Kotsailidi EA, Kalogirou EM, Michelogiannakis D, Vlachodimitropoulos D, To-
sios KI. Hypersensitivity reaction of the gingiva to chlorhexidine: case report 
and literature review. Oral Surg Oral Med Oral Pathol Oral Radiol 2020;130: 
156–160.e151.

26. Lamster IB, Asadourian L, Del Carmen T, Friedman PK. The aging mouth: dif-
ferentiating normal aging from disease. Periodontol 2000 2016;72:96–107.

27. Lee YH, Shin MH, Kweon SS, Choi JS, Rhee JA, Ahn HR, et al. Cumulative 
smoking exposure, duration of smoking cessation, and peripheral arterial dis-
ease in middle-aged and older Korean men. BMC Public Health 2011;11:94.

28. Loe H, Silness J. Periodontal disease in pregnancy. I. Prevalence and severity. 
Acta Odontol Scand 1963;21:533–551.

29. Mekhemar M, Geib M, Kumar M, Radha, Hassan Y, Dörfer C. Salvadora persica: 
Nature’s gift for periodontal health. Antioxidants (Basel) 2021;10:712.

30. Mokeem SA, Abduljabbar T, Al-Kheraif AA, Alasqah MN, Michelogiannakis D, 
Samaranayake LP, et al. Oral Candida carriage among cigarette- and water-
pipe-smokers, and electronic cigarette users. Oral Dis 2019;25:319–326.

31. Mokeem SA, Alasqah MN, Michelogiannakis D, Al-Kheraif AA, Romanos GE, 
Javed F. Clinical and radiographic periodontal status and whole salivary coti-
nine, IL-1ꞵ and IL-6 levels in cigarette- and waterpipe-smokers and E-cig 
users. Environ Toxicol Pharmacol 2018;61:38–43.

32. Muzurovic S, Babajic E, Masic T, Smajic R, Selmanagic A. The relationship be-
tween oral hygiene and oral colonisation with Candida species. Med Arch 
2012;66:415–417.

33. Naeini A, Naderi NJ, Shokri H. Analysis and in vitro anti-Candida antifungal 
activity of Cuminum cyminum and Salvadora persica herbs extracts against 
pathogenic Candida strains. J Mycol Med 2014;24:13–18.

34. Nociti FH Jr, Casati MZ, Duarte PM. Current perspective of the impact of 
smoking on the progression and treatment of periodontitis. Periodontol 2000 
2015;67:187–210.

35. Noumi E, Snoussi M, Hajlaoui H, Valentin E, Bakhrouf A. Antifungal properties 
of Salvadora persica and Juglans regia L. extracts against oral Candida 
strains. Eur J Clin Microbiol Infect Dis 2010;29:81–88.

36. Pemberton MN, Gibson J. Chlorhexidine and hypersensitivity reactions in 
dentistry. Br Dent J 2012;213:547–550.

37. Reichart PA, Schmidtberg W, Samaranayake LP, Scheifele C. Betel quid-asso-
ciated oral lesions and oral Candida species in a female Cambodian cohort. J 
Oral Pathol Med 2002;31:468–472.

38. Sälzer S, Graetz C, Dörfer CE, Slot DE, Van der Weijden FA. Contemporary 
practices for mechanical oral hygiene to prevent periodontal disease. Peri-
odontol 2000 2020;84:35–44.

39. Sampath A, Weerasekera M, Dilhari A, Gunasekara C, Bulugahapitiya U, Fer-
nando N, et al. Type 2 diabetes mellitus and oral Candida colonization: Analysis 
of risk factors in a Sri Lankan cohort. Acta Odontol Scand 2019;77:508–516.

40. Sharma A, Chopra H. Chlorhexidine urticaria: a rare occurrence with a com-
mon mouthwash. Indian J Dent Res 2009;20:377–379.

41. Siddeeqh S, Parida A, Jose M, Pai V. Estimation of antimicrobial properties of 
aqueous and alcoholic extracts of Salvadora Persica (Miswak) on oral micro-
bial pathogens – an in-vitro study. J Clin Diagn Res 2016;10:Fc13–fc16.

42. Silness J, Loe H. Periodontal disease in pregnancy. II. Correlation between 
oral hygiene and periodontal condtion. Acta Odontol Scand 1964;22:121–135.

43. Sofrata A, Brito F, Al-Otaibi M, Gustafsson A. Short term clinical effect of active 
and inactive Salvadora persica miswak on dental plaque and gingivitis. J Eth-
nopharmacol 2011;137:1130–1134.

44. Sterniczuk B, Rossouw PE, Michelogiannakis D, Javed F. Effectiveness of cur-
cumin in reducing self-rated pain-levels in the orofacial region: a systematic 
review of randomized-controlled trials. Int J Environ Res Public Health 
2022;19:6443.

45. Ye P, Chen W, Huang F, Liu Q, Zhu YN, Wang X, et al. Smoking increases oral 
mucosa susceptibility to Candida albicans infection via the Nrf2 pathway: In 
vitro and animal studies. J Cell Mol Med 2021;25:7948–7960.

46. Zee KY. Smoking and periodontal disease. Aust Dent J 2009;54(suppl 1):S44–50.




