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A B S T R A C T   

Background: The association between sleeve gastrectomy and halitosis remains relatively unknown. Therefore, 
this study aimed to evaluate the effect of sleeve gastrectomy on halitosis and the oral bacterial species associated 
with halitosis in patients with obesity. 
Methods: This was a prospective longitudinal cohort study that examined patients before and after sleeve gas-
trectomy and followed the patients at three time intervals (1, 3, and 6 months) after sleeve gastrectomy. Clinical 
periodontal measurements (plaque index [PI], gingival index [GI], and probing depth [PD]) were obtained. In 
addition, plaque samples were collected for quantification of the periodontopathogenic bacteria: Porphyromonas 
gingivalis, Tannerella forsythia, Treponema denticola, and Fusobacterium nucleatum using real-time quantita-
tive polymerase chain reaction (qPCR). In addition, breath samples were collected to analyze the concentration 
of volatile sulfur compounds (VSCs), namely hydrogen sulfide (H2S), methyl mercaptan (CH3SH), and dimethyl 
sulfide (CH3SCH3), via portable gas chromatography (Oral Chroma™). 
Results: Of the 43 patients initially included, 39 completed the study, with a mean age of 32.2 ± 10.4 years. For 
PI and GI repeated measurements one way analysis of variance showed a significant increase (p-value < 0.001 for 
both) one month after surgery, with mean values of 1.3 and 1.59, respectively, compared to the baseline. During 
the same period, the number of P. gingivalis increased, with a p-value = 0.04. Similarly, the levels of hydrogen 
sulfide (H2S) and methyl mercaptan (CH3SH) increased significantly in the first month after surgery (p-value =
0.02 and 0.01, respectively). 
Conclusion: This study demonstrated that sleeve gastrectomy may lead to increased halitosis one month post- 
surgery, attributed to elevated and P. gingivalis counts, contributing to the development of gingivitis in obese 
patients who underwent sleeve gastrectomy. This emphasizes the importance of including oral health pro-
fessionals in the multidisciplinary team for the management of patients undergoing bariatric surgery   

1. Introduction 

Obesity has become a worldwide epidemic and is characterized by 
low-grade systemic inflammation, which may be linked to several 
associated comorbidities, such as cardiovascular diseases and cancer 
(James, 2013). Obesity is defined as having a body mass index (BMI) 
greater than 30.0 kg/m2 (World Health Organization, 2019). In 2019, 

over 340 million children and adolescents aged 5–19 years were either 
overweight or obese (World Health Organization, 2019). Currently, 
bariatric surgical interventions are recognized as the most effective 
treatment for severe obesity (Colquitt et al., 2014). Surgical manage-
ment with bariatric surgery (i.e., gastric banding, sleeve gastrectomy, 
and Roux-en-Y gastric bypass) can improve health and reduce mortality 
in patients with severe obesity (Wolfe et al., 2016). Sleeve gastrectomy is 
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the most frequently performed bariatric and metabolic procedure in 
Saudi Arabia. The popularity of this procedure is due to the low inci-
dence of short- and long-term postoperative complications (Nguyen 
et al., 2011; Cummings and Pratt, 2015). A growing body of literature 
recognizes the impact of bariatric surgery in the prevalence of oral 
changes, such as dental erosion, increased dental caries, hypersensitiv-
ity, increased plaque accumulation, and periodontal disease (Cummings 
and Pratt, 2015; Fontanille et al., 2018; CASTILHO et al., 2019). Recent 
reports have revealed that the most frequent complaints from patients 
after bariatric surgery include dry mouth, unpleasant taste, and halitosis 
(Oliveira, 2007; Dupim Souza et al., 2013). It has been proposed that 
unpleasant oral symptoms are facilitated by changes in diet, decreased 
salivary flow, and increased acidity due to frequent episodes of vomiting 
in the postoperative phase. These factors induce changes in the oral 
flora, leading to alterations in the qualitative and quantitative microbial 
composition of the dental biofilm (Sales-Peres et al., 2015). Such 
changes can influence the development of halitosis because the presence 
of some types of oral bacteria such as P. gingivalis influences the pro-
duction of VSCs (Awano et al., 2002). Halitosis is defined as bad breath 
that can be caused by malodor due to oral causes, including those 
originating from the oral cavity, such as tongue coating or periodontal 
disease (Alzoman, 2021). In contrast, non-oral halitosis is caused by 
disturbances in the upper and lower respiratory tracts (Yaegaki and Coil, 
2000) or metabolic changes (Alzahrani et al., 2021). Three major 
odoriferous components lead to oral malodors. VSCs include hydrogen 
sulfide (H2S), methyl mercaptan (CH3SH), and dimethyl sulfide 
(CH3SCH3) (Alzoman, 2008). Gas chromatography is considered a 
reliable method for detecting oral gases. It is specific and sensitive to all 
three VSCs. One cross-sectional study evaluated the occurrence of 
halitosis among patients before and after a specific Roux-en-Y gastric 
bypass surgery; however, did not find a notable difference. To the best of 
our knowledge, evidence on the effects of bariatric surgery on halitosis is 
lacking. Therefore, this study aimed to evaluate the effect of laparo-
scopic sleeve gastrectomy on intra-oral halitosis by assessing the surgery 
effect on the levels of VSCs in the breath and halitosis-related bacteria. 

2. Materials and methods 

2.1. Ethical consideration 

Ethical approval was obtained from the International Review Board 
(IRB) no. E-18-3071, and College of Dentistry Research Center (CDRC) 
No: PR 0079, King Saud University, Riyadh. This study was conducted in 
accordance with the ethical standards of the 1964 Declaration of Hel-
sinki and its subsequent amendments. An informed consent form con-
taining details regarding the nature of the study was provided to all the 
participants. 

2.2. Study population 

In this observational, prospective, longitudinal cohort study, volun-
teers were recruited from the list of patients scheduled to undergo Sleeve 
Gastrectomy at the Bariatric Surgery Unit of King Khaled University 
Hospital. Initially, 50 participants were recruited according to the 
following criteria: 

2.3. Inclusion criteria  

1. Patients with obesity with a body mass index of 35–50.  
2. Age ranging from 18 to 50 years.  
3. Scheduled for laparoscopic sleeve gastrectomy surgery. 

2.4. Exclusion criteria 

Participants were excluded from the study if they met one of the 
following conditions:  

1. Evidence of diabetes.  
2. Presence of tonsillitis or sinusitis.  
3. Presence of periodontitis.  
4. Presence of dental abscesses.  
5. Presence of partially erupted 3rd molar.  
6. With removable partial denture.  
7. Smoking.  
8. Underwent periodontal therapy in the past three months.  
9. History of antibiotic use in the past three months. 

Of the 50 patients recruited for the screening visits, 43 were included 
in the study. 

2.5. Study protocol  

• Screening visit 

During screening visits, patients were asked to participate in the 
study by signing an informed consent form explaining the objectives of 
the study as well as the potential risks and benefits. Moreover, a detailed 
questionnaire on general health was given to all subjects. This was fol-
lowed by an intra-oral clinical examination to determine the subject’s 
eligibility for inclusion in the study. All subjects received scaling and 
oral hygiene instructions, as well as caries control therapy, one month 
prior to the scheduled day of operation.  

• Baseline visit 

Baseline measurements were taken 1 day (d) before the scheduled 
operation room (OR) day. Clinical oral measurements (plaque index 
[PI], gingival index [GI], and probing depth [PD]) were performed at the 
baseline visit. Plaque samples were collected for microbiological ana-
lyses. Breath samples were collected to analyze the concentration of 
VSC. Intra-examiner reliability done on five patients not included in the 
study and Cronbach’s alpha was 0.964c.  

• Bariatric surgery procedure 

All bariatric procedures were performed laparoscopically at the 
Accredited Bariatric Surgery Center of King Khaled University Hospital. 
Sleeve gastrectomy procedures were performed in accordance with 
previously published studies from the Metabolic and Bariatric Surgery 
Center at King Khaled University Hospital, and the post-surgical diet in 
the first month started with clear liquid, colored liquid, and semiliquid 
(Al-Naami et al., 2013; Althuwaini et al., 2018;Bamehriz et al., 2018; 
Alsaif et al., 2020).  

• Follow-up visit 

Similar measurements were obtained on the 1st, 3rd, and 6th month 
post-surgery. 

2.6. Periodontal examination 

Clinical periodontal measurements, including PI (Silness and Loe, 
1964), GI (Loe and Silness, 1963), and PD were performed on the 
Ramfjord teeth using a periodontal probe (William’s probe; Hu-Friedy, 
Chicago, Ill., USA). All measurements were performed by a single 
examiner (HA). 

PI: concerns the thickness of dental plaque biofilm along the gingival 
margin of Ramfjord teeth score it from 0 no plaque, 1 light film, 2 
moderate film and 3 abundance of soft plaque biofilm to 4. 

GI: scores gingival inflammation from 0 to 3 on the buccal, lingual 
and proximal surfaces of Ramfjord teeth. 

PD: Periodontal pocket depths measured the distance from the 
gingival margin to the bottom of the gingival sulcus with gentle pressure 
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around the cemento-enamel junctions (CEJ) at three sits buccal and 
three lingual having the probe placed parallel to the long axis of the 
tooth and 10 degrees tilted inward at the proximal points. 

2.7. Breath analysis 

VSC concentration in breath were analyzed via portable gas chro-
matography (Oral Chroma™; Abilit Corporation, Japan). The subjects 
were asked to refrain from eating, brushing their teeth, and rinsing their 
mouths for 3 h (h) prior to breath sample assessment. To measure oral 
malodor with the Oral Chroma™, the air within the oral cavity was 
sampled using a 1 mL syringe after closing the mouth for 60 second (s). 
The collected oral breath samples were immediately injected into the 
Oral Chroma device. The concentrations of hydrogen sulfide (H2S), 
methyl mercaptan (CH3SH), and dimethyl sulfide (CH3SCH3) were 
recorded in parts per billion (ppb). 

2.8. Microbiological assessment 

Subgingival plaque samples were collected via sterile paper point 
size 35 (Sure-endo, Korea) selected teeth in each quadrant received 
minimum of 3 paper points. After drying the area from saliva using an 
air spray and cotton, the supragingival plaque was carefully removed. 
Then, paper points were inserted to the deepest pocket depth and left for 
30 s after removing paper points from the pockets, and the pooled 
samples were transferred into 2 mL Eppendorf tubes (SPL, Korea) con-
taining 1.5 mL of phosphate-buffered saline (PBS) solution (Fig. 1). 
Tubes were collected in an ice box prior to storage at − 80 ◦C until 
analysis. DNA was extracted from frozen bacterial sample using Bio-
FACT™ Genomic DNA Prep Kit For Gram (− ) Bactria (Biofact,Daejeon, 
Korea). To quantify the levels of P. gingivalis, Fusobacterium nucleatum, 
Tannerella forsythia, and Treponema denticola, a 16s ribosomal RNA gene- 
targeted qPCR was performed using EvaGreen Supermix (Solos Biodyne, 
Tartu, Estonia). The reactions were run on an ABI 7500 real-time PCR 
instrument (Applied Biosystems, Foster City, CA, USA) with a total re-
action volume of 20 µL. P. gingivalis, F. nucleatum, T. forsythia, and 
T. denticola primers were used as previously described (Table 1) (Kato 
et al., 2005). Thirty-nine samples were analyzed per period (pre-oper-
ative, 1M, 3M, and 6M), for a total of 156 samples. DNAs was amplified 
and marked with the EvaGreen Supermix reagent (Applied Biosystems, 
Foster City, CA, USA) for qPCR. Specific primers were used for each 
targeted bacterium in this study, and a universal primer (16S) was used 
for the standard bacteria to verify the presence of bacterial DNA and 
allow for relative quantification (RQ). The primer sequences are listed in 
Table 1. The primers (Macrogen, Inc., Seoul, Korea) were diluted to a 10 
pmol/µL concentration using RNase-free water. To assemble the qPCR 
plate (MicroAmp Optical 96-well reaction plates), 5 µL of DNA was 
added to the PCR master mix, which contained 4 µL of EvaGreen qPCR 
Supermix and 0.4 µL of each primer (forward and reverse) and is 

supplemented with 10.20 µL of RNase-free water in. This step was per-
formed in triplicate for each sample. Then, the plate was sealed and 
centrifuged at 2000 rpm for 30 s at 4 ◦C in a Centurion Scientific K24R 
Benchtop Centrifuge (Wast Sussex, UK) to obtain a spinning action in 
order for the liquid to settle at the bottom of the wells, avoiding any 
trace in the walls of the wells. The plates were then transferred to a 7500 
Real-Time PCR System thermocycler (Applied Biosystems). The ther-
mocycling process was as follows: 95 ◦C for 12 min, followed by 40 
cycles of 95 ◦C for 15 s, 60 ◦C for 20 s, and 72 ◦C for 20 s. Readings were 
obtained using the 7500 Real-Time PCR System software (Applied Bio-
systems). RQ of bacteria was conducted. The higher the RQ, the greater 
the number of bacteria. The RQ was calculated using the formula RQ =
2^ΔCt = 2^(Ct target bacteria-Ct universal primer) (Schmittgen and 
Livak, 2008). 

2.9. Sample size calculation 

The sample size was determined using Cohen (1988) at α = 0.05, 
with an estimated standard deviation of 10 and effect size (F) of 0.8 with 
power 0.9 (90 %). To establish a statistical difference, the minimum 
number of subjects was 30. Due to the anticipated discontinuity of pa-
tients, the sample size was increased to 43. 

3. Statistical test 

All statistical analyses were performed using the SPSS statistical 
package (version 22.0; SPSS Inc., Chicago, IL, USA) for Windows. 
Descriptive statistics (means, standard deviations, frequencies, inter-
quartile range, and percentages) are presented. For inferential statistics, 
a one-way analysis of variance was used if normality was satisfied to 
compare the independent variables with two or more levels of numerical 
response variables. If normality was not satisfied, the Friedman 
nonparametric test was used. Pearson’s and Spearman’s correlations 
were used to determine the relationship between two numerical 

Fig. 1. (A) Subgingival plaque sample collection using sterile paper point size 35. (B) Plaque samples placed in an Eppendorf tube containing 1.5 mL of PBS.  

Table 1 
Primers used for real-time PCR.  

Designation Sequence Target gene 

Pg(F) 5′-TACCCATCGTCGCCTTGGT-3′ 16s rRNA 
Pg(R) 5′-CGGACTAAAACCGCATACACTTG-3′ 16s rRNA 
Fn(F) 5′-CGCAGAAGGTGAAAGTCCTGTAT-3′ 16s rRNA 
Fn(R) 5′-TGGTCCTCACTGATTCACACAGA-3′ 16s rRNA 
Tf(F) 5′-ATCCTGGCTCAGGATGAACG-3′ 16s rRNA 
Tf(R) 5′-TACGCATACCCATCCGCAA-3′ 16s rRNA 
Td(F) 5′-AGAGCAAGCTCTCCCTTACCGT-3′ 16s rRNA 
Td(R) 5′-TAAGGGCGGCTTGAAATAATGA-3′ 16s rRNA 
Uni(F) 5′-CGCTAGTAATCGTGGATCAGAATG-3′ 16s rRNA 
Uni(R) 5′-TGTGACGGGCGGTGTGTA-3′ 16s rRNA 

Pg, Porphyromonas gingivalis; Fn, Fusobacterium; Tf, Tannerella forsythia; Td, 
Treponema denticola; Uni, universal primer; rRNA, ribosomal ribonucleic acid. 
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variables. The significance level was set at p < 0.05. 

4. Results 

Initially, 43 patients were included in the study, and four patients 
dropped out due to personal circumstances. Therefore, 39 subjects had 
completed the study. The study subjects were 12 male and 27 females 
with a mean age of 32.2 ± 10.4 and ages ranging between 18–50 years 
(Table 2). 

4.1. Periodontal examination 

At baseline, the PI was 0.3, and repeated measurements one-way 
(ANOVA) showed a significant increase one month after surgery, with 
a mean value of 1.4 (P < 0.05). Later, PI significantly decreased in the 
3rd month and further decreased in the 6th month, with mean values of 
0.7 and 0.6, respectively (P < 0.05). 

The mean GI was 0.5 at baseline and significantly increased in the 1st 
month after surgery, with a mean value of 1.6 (P < 0.05). Afterward, GI 
significantly decreased in the 3rd month and further decreased in the 6th 
month, with mean values of 1.3 and 0.7, respectively (P < 0.05). The 
results showed that PD did not significantly change in any of the three 
time periods (Table 3). 

4.2. VSC measurement results 

At baseline, the median values of H2S and CH3SH were 125 ppb and 
63 ppb, respectively. The Friedman nonparametric test showed a sig-
nificant increase after one month for both gases, with median values of 
291 ppb and 164 ppb, respectively (P < 0.02 and P < 0.01, respectively). 
Further, in the 3rd and 6th months, the levels of H2S decreased to 132 
pbb and 140 ppb, respectively. Similarly, the levels of CH3SH decreased 
to 86 ppb and 46 ppb, respectively (Table 4). In contrast, CH3SCH3 
showed no significant change during any of the three time periods. 

In addition, the results showed that the PI was significantly posi-
tively correlated with the levels of H2S and CH3SH (27.9 % and 25 %, 
respectively; p < 0.05). 

4.3. qPCR quantification 

Regarding the bacterial RQ values, Friedman nonparametric test 
indicated a sudden increase in the median RQ of P. gingivalis at 1 month, 
followed by lower populations at three and six months (P = 0.004). The 
RQ values of F. nucleatum increased significantly from baseline during 
the study period (P = 0.003). No significant changes were found in the 
RQs of T. forsythia and T. denticola. Finally, P.gingivalis showed a positive 
correlation with GI of 17.3 % (p = 0.03) (Fig. 2). 

5. Discussion 

This study aimed to verify a possible association between sleeve 
gastrectomy and the occurrence of halitosis and its associated oral 
bacterial species and is the first longitudinal study to report oral changes 
as early as one month after sleeve gastrectomy as other studies have 

reported changes at 3, 6, and 12 months. Our results showed a sharp 
increase in VSC concentration, P. gingivalis counts, and periodontal 
measurements (GI and PI) one month after surgery, which decreased 
after three and six months. Halitosis is defined as an unpleasant odor 
that can be noticed by the patient themselves and was one of the most 
commonly reported oral side effects in patients after bariatric surgery in 
a cohort study in 2022 (Bastos et al., 2022). In the present study, the 
concentration of VSCs was measured using a portable oral chroma de-
vice at three time points: 1, 3, and 6 months post-surgery. The levels of 
H2S and CH3SH significantly increased 1 month post surgery, and then 
started to decrease 3 and 6 months postoperatively. H2S and CH3SH are 
the major contributors to oral malodor (Tangerman and Winkel, 2007). 
In this study, we performed DNA quantification using qPCR to detect the 
most common bacteria that are associated with subgingival plaque and 
have been reported to be responsible for VSC production, namely 
P. gingivalis, T. forsythia, T. denticola, and F. nucleatum (Persson et al., 
1989; Persson et al., 1990). P. gingivalis is considered one of the most 
virulent periodontopathogens that induces chronic periodontal disease 
in humans (Hajishengallis et al., 2012). The RQ values reported in this 
study were distinctively high after one month and sustained a high value 
at three and six months afterward compared to baseline. This is 
consistent with the results of Sales-Peres et al. (2015), that observed an 
increased availability of P. gingivalis six months after gastric bypass 
surgery (Sales-Peres et al., 2015; Adawi et al., 2022). In contrast, Dupim 
Souza et al. (2013) conducted a cross-sectional study to evaluate the 
effect of Rouxen-Y gastric bypass on halitosis and found no difference in 
the frequency of halitosis between the control and case groups that could 
be due to the type of surgery (Cummings and Pratt, 2015)and/ or the 
type of study (Stiles, 2013). Furthermore, P. gingivalis is characterized by 
inflammation and bleeding due to the release of anticoagulation en-
zymes, such as gingipain (How et al., 2016). Gingipain was found to 
degrade fibrinogen and host heme proteins, which contribute to inhi-
bition of blood coagulation and increased bleeding, thereby enhancing 
the availability of hemin for bacterial growth (Sroka et al., 2001). This 
may explain the positive correlation between the GI values and the 
levels of P. gingivalis in the current study. Nutritional deficiencies 
observed after bariatric surgery lead to vitamin C, D, and B12 de-
ficiencies, which have been reported in the short and long term after 
bariatric surgery (Moizé et al., 2013). Studies have shown that vitamin 
deficiency can affect gingival health and oral microbial flora (Leggott 
et al., 1991; Abreu et al., 2016; Zong et al., 2016; Sulijaya et al., 2019). 
F. nucleatum counts increased significantly from baseline during the 
study period (P = 0.003). The Gram-negative anaerobe F. nucleatum is an 
oral bacterium that is present in the normal oral microbiome (Bolstad 
et al., 1996). However, it also has pathogenic potential and has been 
implicated in periodontal diseases and halitosis (Bolstad et al., 1996). 
Additionally, F. nucleatum is assumed to act as a “microbial bridge” as it 
can co-aggregate with early and late colonizers of dental plaque. The 
major outer membrane protein of F. nucleatum, FomA, functions as a 
nonspecific porin in lipid bilayer membranes. FomA has been recog-
nized as a major immunogen of F. nucleatum (Wu et al., 2020). FomA has 
been reported to be involved in the binding of Fusobacteria to Strepto-
coccus sanguis on the tooth surface and to P. gingivalis in the periodontal 
pockets. In addition, in this study, we found that PI was positively 

Table 2 
Demographic data of the study participants.  

Baseline measurements 

Variables Mean (SD) 

Age 32.2 (10.4) 
Male/female 12/27 
BMI 45.2 (4.6) 
PI 0.3 (0.2) 
GI 0.5 (0.3) 
PD 2.1 (0.3)  

Table 3 
Mean values of PI, GI, and PD at baseline and at 1, 3, and 6 months.  

Time PI GI PD 

Mean P Mean P Mean P 

Baseline  0.3 <0.05*  0.5 <0.05*   2.0 NS 
1 month  1.4  1.6  2.1 
3 months  0.7  1.3  2.0 
6 months  0.6  0.7  2.0 

Repeated measurements One Way ANOVA (P-Value)*, Plaque index (PI), 
gingival index (GI), and probing depth (PD). 
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correlated with H2S and CH3SH. The plaque index was also high 1 
month post-surgery and showed the same pattern as H2S and CH3SH at 
three and six months. Oral malodor is known to be partly due to bac-
terial plaque accumulation (Porter and Scully, 2006). Gingival disease is 
defined as the inflammation of gingival tissues caused by the accumu-
lation of dental plaque and is clinically characterized by redness, 

swelling, and bleeding of the tissues. 
In this study, we found a significant increase in the GI and PI one 

month post-surgery, with mean values of 1.6 and 1.4, respectively, and 
p-value < 0.001 for both. Meanwhile, no difference in PD was found 
before and after surgery. Consistent with our results, a systematic review 
and meta-analysis reported a statistically significant increase in 

Table 4 
VSC levels at baseline and at 1, 3, and 6 months.  

Time H2S CH3SH CH3SCH3 

Median (IQR) P Median (IQR) P Median (IQR) p 

Baseline 125 (300) 0.02* 63 (169) 0.01*  20 (34) NS 
1 month 291 (754) 164 (715) 21 (43) 
3 months 132 (369) 86 (165) 22 (34) 
6 months 140 (495) 46 (199) 16 (30) 

Friedman nonparametric test. 
Hydrogen sulphide (H2S), Methyl mercaptan (CH3SH), and Dimethyl sulphide (CH3SCH3). 

Fig. 2. Median bacterial RQ values at baseline and at 1, 3, and 6 months. Friedman nonparametric test.  
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periodontal inflammation (mean percentage of sites with bleeding on 
probing) after bariatric surgery compared with baseline data six months 
after surgery and no difference in probing depth before and after bar-
iatric surgery (de Moura-Grec et al., 2014; Sales-Peres et al., 2015; Sales- 
Peres et al., 2017; Fontanille et al., 2018; Čolak et al., 2021). In contrast, 
at 12 months post-surgery, previous studies did not find any effect of the 
surgery compared to the baseline (Sales-Peres et al., 2015; Sales-Peres 
et al., 2017), which could be explained by the delay of examination 
time (12 months post-surgery) and controlling for confounding factors, 
such as the presence of subjects with diabetes and use of medication, 
which will have a direct effect on salivation (Scully, 2003; Farias et al., 
2019). 

Possible explanations for the changes in GI and PI after bariatric 
surgery are the presence of tongue coating (Dupim Souza et al., 2013), 
dry mouth, and stick plaque accumulation, which could be due to the 
type of diet in the first month, which started with clear liquid, colored 
liquid, and semi-liquid that led to a decrease in chewing function and 
stimulated salivation (Nakagawa et al., 2017). According to multiple 
studies, the tongue coating is primarily responsible for halitosis of oral 
origin (Lee et al., 2003; Pedrazzi et al., 2004; Tsai et al., 2008). 
Furthermore, it is possible to notice a change in diet with a higher 
feeding frequency of small meals and soft foods (Schneider and Knie-
knecht, 1986) that adhere to the tooth surface throughout the day, 
together with a reduction in salivary flow, which could explain the in-
crease in PI and GI in these individuals (Hague and Baechle, 2008; 
Marsicano et al., 2011; Marsicano et al., 2012; Maria de Souza et al., 
2018). 

To the best of our knowledge, this is the first longitudinal clinical 
study that focused on the effect of sleeve gastrectomy on oral halitosis 
and followed up patients at 1, 3, and 6 months post-surgery. However, 
gastric reflux has been reported in patients undergoing sleeve gastrec-
tomy, which may increase oral exposure to gastric acid (Sharma et al., 
2014). 

6. Conclusion 

This study showed that sleeve gastrectomy increased the PI and GI in 
the first month after surgery, as well as the concentration of VSC and the 
presence of P. gingivalis, which is associated with intraoral halitosis. This 
change improved significantly in the 3rd and 6th months after the sur-
gery. Our recommendations include that patients, physicians, and den-
tists should be aware of this effect of sleeve gastrectomy and that 
dentists should be one of the medical teams to overcome this effect 
through regular follow-up of the patient before and after surgery, 
focusing on performing good oral hygiene after the surgery, use of saliva 
substitutes, and prescription of multivitamin supplements, especially in 
the first month. Further studies with a larger sample size, tongue coating 
evaluation, saliva flow evaluation, oral hygiene evaluation, PH, and 
acidity tests are required to confirm this effect. In addition, this study 
highlights the effect of food type on plaque accumulation. 
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