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Abstract
Purpose: This study aimed to determine the effects of laparoscopic sleeve gastrectomy surgery on clinical 
periodontal parameters at 6 months in the postoperative period. 
Materials and methods: Fifty-four obese patients with periodontitis between 18 and 70 years of age were 
evaluated for obesity-related parameters and periodontal status before and 6 months after bariatric surgery. 
Correlations of the changes in periodontal parameters and the total weight loss and body mass index (BMI) loss 
at 6 months after bariatric surgery were determined with Spearman correlation analysis. P<0.05 was considered 
as the statistical significance value. 
Results: Significant improvements were achieved at 6-month follow-up compared to baseline in BMI values 
and several systemic health-related serum biomarkers such as C-reactive protein, high-density lipoprotein, 
low-density lipoprotein, and albumin levels. Periodontal parameters; plaque index (p=0.000), gingival index 
(p=0.004), and bleeding on probing (p=0.007) were decreased significantly at 6 months after surgery. However, 
no significant changes in probing depth and clinical attachment level values were observed. The changes in 
plaque index values were positively correlated with the percent of total weight loss (r=0.301, p=0.027). Also, 
there was a positive significant correlation between the changes in the percent of bleeding on probing levels 
and the percent of total weight loss and the percent excess BMI loss (r=0.637, p=0.000 and r=0.370, p=0.006 
respectively). 
Conclusion: Laparoscopic sleeve gastrectomy surgery resulted in a reduction in periodontal inflammation in 
parallel with the decrease in BMI levels and obesity-related biochemical markers during the 6-month follow-up 
period.
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Öz
Amaç: Bu çalışmada, laparoskopik tüp mide ameliyatının operasyon sonrası 6. ayda klinik periodontal 
parametreler üzerindeki etkilerinin belirlenmesi amaçlandı.
Gereç ve yöntem: Yaşları 18 ile 70 arasında değişen, periodontitisli 54 obez hasta, obezite ile ilişkili parametreler 
ve bariatrik cerrahi öncesi ve sonrasındaki periodontal durumları açısından değerlendirildi. Obezite cerrahisi 
sonrası 6. ayda periodontal parametrelerdeki değişiklikler ile toplam kilo kaybı ve vücut kitle indeksi (VKİ) kaybı 
arasındaki korelasyonlar Spearman korelasyon analizi ile belirlendi. P<0,05 istatistiksel anlamlılık değeri olarak 
kabul edildi.
Bulgular: 6 aylık takipte VKİ değerlerinde ve C-reaktif protein, yüksek yoğunluklu lipoprotein, düşük yoğunluklu 
lipoprotein ve albümin seviyeleri gibi sistemik sağlıkla ilgili çeşitli serum biyobelirteçlerinde başlangıca kıyasla 
önemli iyileşmeler elde edildi. Plak indeksi (p=0,000), gingival indeks (p=0,004) ve sondlamada kanama 
(p=0,007) gibi periodontal paramatreler ameliyattan 6 ay sonra anlamlı derecede azaldı. Ancak sondlama 
derinliği ve klinik ataçman seviyesi değerlerinde anlamlı bir değişiklik gözlenmedi. Plak indeksi değerlerindeki 
değişiklikler toplam kilo kaybı yüzdesi ile pozitif korelasyon gösterdi (r=0,301, p=0,027). Ayrıca sondlamada 
kanama yüzdesindeki değişiklikler ile toplam kilo kaybı yüzdesi ve aşırı VKİ kaybı yüzdesi arasında pozitif 
anlamlı bir korelasyon tespit edildi (sırasıyla r=0,637, p=0,000 ve r=0,370, p=0,006).
Sonuç: Laparoskopik tüp mide ameliyatı, 6 aylık takip döneminde VKİ seviyelerinde ve obezite ile ilişkili 
biyokimyasal belirteçlerde azalmaya paralel olarak periodontal inflamasyonda da azalma sağlamıştır. 
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Introduction

Obesity is a condition that is a significant 
global health concern with increasing prevalence 
rates [1] characterized by excess body fat. 
Body Mass Index (BMI) which is used to define 
obesity of 30 or higher is considered indicative 
of obesity [2]. Obesity is related to many health 
risks and can have a significant impact on a 
person’s overall well-being. The pathogenesis 
of type 2 diabetes mellitus (T2DM), cancer, 
cardiovascular disease, and osteoporosis is 
linked with obesity [3, 4]. 

Periodontitis is a chronic inflammatory 
oral disease that involves a complex interplay 
between oral bacteria and the person’s immune 
response, resulting in the irreversible destruction 
of the periodontium [5]. The 2017 periodontal 
disease classification of the link between 
these two conditions underscores the idea of 
comorbidity, where the presence of obesity 
increases the risk and severity of periodontitis 
[6]. The relationship between obesity and 
periodontitis is multifaceted and can involve 
various mechanisms, including inflammation, 
altered immune response, and systemic factors 
[7, 8]. 

Bariatric surgery (BS), is a set of surgical 
procedures performed to help individuals with 
severe obesity lose weight by reducing their 
BMI. The principal types of BS are laparoscopic 
sleeve gastrectomy (LSG), adjustable gastric 
band, biliopancreatic diversion with duodenal 
switch, and Roux-en-Y Gastric Bypass (RYGB) 
[9]. LSG is a procedure that allows the stomach 
to be turned into a narrow tube or sleeve by 
completely removing the fundus part of the 
stomach with a vertical incision along the larger 
curvature (outer curve) of the stomach [10]. LSG 
has an additional benefit beyond its restrictive 
effect. It reduces the production of an appetite-
stimulating hormone called ghrelin produced 
in the fundus of the stomach and plays a role 
in regulating hunger [11]. Research related 
to the effects of BS on periodontal conditions 
has produced conflicting results [12-16]. 
While some studies have stated that BS has a 
negative effect on periodontal status [12, 13], 
others have emphasized that the periodontal 
condition becomes better [15]. Therefore, our 
study aims to evaluate the 6-month changes 

in periodontal parameters in obese individuals 
undergoing LSG. Our study hypothesizes that 
obesity decreases due to weight loss after LSG 
and this may lead to improvement in periodontal 
parameters at the follow-up at 6 months. 

Materials and methods

Study population

This prospective observational study 
evaluated a total of 54 obese patients diagnosed 
with periodontitis (AAP/EPF classification) 
[17] who were being monitored in the obesity 
clinic at the Faculty of Medicine in Pamukkale 
University and eligible for LSG surgery, during 
the preoperative and 6-month postoperative 
period. The indication for BS was made by the 
experienced bariatric surgeon (MRA) if a patient 
had a BMI >40 kg/m2 or BMI >35 kg/m2 and 
obesity-related comorbidity [18]. 

The ethical approval was obtained from the 
Ethics Committee of the Faculty of Medicine 
at Pamukkale University with the protocol 
number 2018/19 and was carried out by the 
Declaration of Helsinki. Each participant was 
asked to provide written informed consent. 
Patients were excluded if they were <18 or >70 
years of age, pregnant, underwent periodontal 
treatment within a 6-month period, and had <15 
teeth. After detailed periodontal examination, 
individuals who underwent sleeve gastrectomy 
surgery were followed up for a 6-month period 
after the operation. 

Demographic and metabolic variables

Demographic characteristics such as age, 
sex, education level, and smoking habits were 
collected from each subject at the baseline 
of the study. Participants’ medical conditions 
were determined from their medical records. 
The history of hypertension (systolic blood 
pressure (SBP) ≥140 mmHg or diastolic 
blood pressure (DBP) ≥90 mmHg or receiving 
treatment for hypertension), dyslipidemia 
(high-density lipoprotein level (HDL): female, 
<50 mg/dL and males, <40 mg/dL; triglyceride 
level ≥150 mg/dL or receiving treatment for 
dyslipidemia) and diabetes (fasting plasma 
glucose ≥126 mg/dl or receiving treatment for 
diabetes) was defined according to the related 
criteria. C reactive protein (CRP), HDL, low-
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density lipoprotein (LDL), triglyceride, albumin, 
glycated hemoglobin (HBA1c) levels, aspartate 
transaminase (AST), alanine transaminase 
(ALT) and gamma-glutamyl transpeptidase 
(GGT), levels were recorded at baseline and 6 
months after surgery. 

BMI was calculated by taking the weight, 
in kilograms divided by the height in meters 
squared. According to the Edmonton Obesity 
Staging System, participants were categorized 
according to BMI, such as obesity class I (30 to 
34.9), obesity class II (35 to 39.9), obesity class 
III (≥40) [19]. Weight was measured at baseline 
and 6th month after the surgery. The percentage 
of original weight loss and the percent excess 
BMI loss (EBMIL%) were calculated [20]. 

Periodontal examinations

Full-mouth periodontal measurements of 
the patients were made by the same clinician. 
Intra-examiner calibration was calculated with 
the Intraclass Correlation Coefficient. The 
intra-examiner ICC values were 0.90 (PD) and 
0.88 (CAL). The number of existing teeth in 
the patients was recorded. Plaque index (PI) 
[21], gingival index (GI) [22], the presence of 
bleeding on probing (BOP) [23], probing depth 
(PD), and clinical attachment level (CAL) were 
measured using the Williams periodontal probe 
(Hu-Friedy, Chicago IL). PD and CAL were 
calculated at six surfaces per tooth, whereas 
PI and GI were evaluated at four surfaces per 
tooth. The periodontitis severity of patients 
was determined based on the Classification 
of Periodontal and Peri-Implant Diseases and 
Conditions stated in the 2017 World Workshop.

Sample size calculation

Power analysis was performed to calculate 
the sample size of the study. Sample size 
was calculated using the G*Power statistical 
program for α=0.05 and d=0.4. The analyses 
revealed that a total of 52 subjects achieved a 
power of 80% with 95% confidence. 

Statistical analyses 

The data were analyzed using a statistical 
program (SPSS 21 Inc., Chicago, IL). 
Continuous variables were presented as mean 

± standard deviation and categorical variables 
as numbers and percentages. Kolmogorov-
Smirnov test was used to detect data’s 
normality. Wilcoxon test was applied to compare 
the differences in metabolic and periodontal 
parameters at baseline and 6 months 
postoperatively. Spearmen correlation analysis 
was applied to investigate the associations 
between periodontal changes within a 6-month 
period and total weight loss and BMI loss. The 
statistical significance value was considered as 
p<0.05.

Results 

A total of 54 patients who indicated to 
undergo LSG surgery completed the study 
throughout the 6-month follow-up period. The 
baseline demographic characteristics of the 
study population were presented (Table 1). 
The majority of patients were female (66.7%), 
and the mean age of the study population was 
41.1±8.89. The prevalence of obesity level 
III was observed in 68.5% of all participants. 
While stage 2 periodontitis was diagnosed in 
40.7% of participants, the percentage of stage 
3 periodontitis was 29.6%. 

The metabolic and periodontal parameters 
were compared between the preoperative 
period of sleeve gastrectomy and post-operative 
6th months after the surgery and were indicated 
in Table 2. BMI values, CRP, HDL, LDL, and 
albumin levels were significantly decreased 
6 months later compared to the baseline. 
Regarding periodontal parameters, while 
there were no significant changes in PD and 
CAL measurements, PI, GI, and BOP% levels 
significantly decreased in the 6th month.

The correlations between changes in 
periodontal parameters, the percent of total 
weight loss, and the percent excess BMI loss 
in the 6-month post-operative period of sleeve 
gastrectomy were shown in Table 3. A positive 
significant correlation was observed between 
the changes in PI and the percent of total weight 
loss (r=0.301, p=0.027). Also, the changes 
in BOP% levels showed a positive significant 
correlation both with the percent of total weight 
loss and the percent excess BMI loss (r=0.637, 
p=0.000 and r=0.370, p=0.006 respectively). 
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Table 1. Demographic characteristics of the study population 

Baseline characteristics Number (n) Percent (%)
Age (mean ± SD) 41.1±8.89
Sex 
Female
Male 

36
18

66.7
33.3

Education level 
Elementary 
High school 
Collage and PhD

6
24
24

11.1
44.4
44.4

Smoking status
Smoker 
Non-smoker

22
32

40.7
59.3

Obesity level 
II (35 to 39.9)
III (≥40)

17
37

31.5
68.5

The number of present teeth (mean ± SD) 25.17±3.48
Periodontitis severity 
Stage I
Stage II 
Stage III

16
22
16

29.6
40.7
29.6

Presence of hypertension 21 38.9
Presence of diabetes mellitus 22 40.7
Presence of dyslipidaemia 18 33.3

Table 2. Metabolic and periodontal parameters of sleeve gastrectomy patients before and 6 months 
after the surgery

Metabolic Parameter Pre-op Post-op p value
BMI kg/m2 41.58±5.25 32.15±4.38 0.000
CRP (mg/L) 7.54±6.21 3.91±3.94 0.048
AST (U/L) 23.30±15.03 20±8.38 0.661
ALT (U/L) 23.59±14.25 22.63±11.77 0.201
GGT (U/L) 27.44±16.37 25.50±14.28 0.067
HDL (mg/dL) 46.24±10.14 47.97±9.43 0.003
LDL (mg/dL) 116.65±26.08 111.72±24.86 0.022
Triglyceride (mg/dL) 135.20±55.9 128.22±42.03 0.112
Albumin (g/L) 44.88±6.61 41.69±3.44 0.000
HBA1c (%) 6.22±0.76 6.10±0.54 0.063
Periodontal Parameter
PI 1.27±0.57 1.07±0.41 0.000
GI 1.37±0.49 1.33±0.44 0.004
BOP (%) 76.80±15.80 74.93±14.81 0.007
PD 2.67±0.85 2.65±0.84 0.104
CAL 3.16±1.02 3.16±1.02 0.482

BMI: body mass index, CRP: C-reactive protein, AST: aspartate transaminase, ALT: alanine transaminase
GGT: gamma-glutamyl transpeptidase, HDL: high-density lipoprotein, LDL: low-density lipoprotein, HBA1c: glycated haemoglobin
PI: plaque index, GI: gingival index, BOP: bleeding on probing, PD: probing depth, CAL: clinical attachment level
All variables did not present normal distribution (Kolmogorov-Smirnov test p<0.001)
Wilcoxon test, Statistically significant differences are indicated in bold (p<0.05 and p<0.001)
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Table 3. Correlations of the changes in periodontal parameters and the total weight loss and BMI 
loss at 6 months after bariatric surgery

Periodontal variables Total weight loss (%) The percent excess BMI loss (% EBMIL)
PI
p
r

0.027
0.301*

0.057
0.261

GI
p
r

0.797
0.036

0.845
-0.027

BOP (%)
p
r

0.000
0.637**

0.006
0.370**

PD
p
r

0.355
0.128

0.924
0.013

CAL
p
r

0.487
0.097

0.187
0.182

PI: plaque index, GI: gingival index, BOP: bleeding on probing, PD: probing depth, CAL: clinical attachment level
p: p value, r: correlation coefficient value, * statistical significance at p<0.05 ,** statistical significance at p<0.001

Discussion

Obesity and periodontitis are prevalent and 
significant health issues that affect populations 
worldwide [24]. Both conditions are associated 
with low-grade inflammation and can have 
systemic effects on overall health. Additionally, 
there is emerging evidence suggesting a 
bidirectional relationship between obesity and 
periodontitis, meaning that obesity can increase 
the risk of periodontitis, and periodontal 
inflammation can contribute to obesity-related 
complications [7, 25]. 

LSG is primarily viewed as a restrictive 
weight loss procedure, but it has also been 
found to have significant benefits in treating 
metabolic derangements and improving 
metabolic health, beyond its role in achieving 
weight loss [26]. LSG can have a significant and 
often more effective impact on the management 
and treatment of T2DM and its associated 
complications when compared to the best 
available medical therapies [26].

CRP is an acute-phase reactant, which 
is a protein produced by the liver in response 
to various inflammatory signals, including 
interleukin-6 (IL-6). CRP is a sensitive 
inflammation marker in the body, and its 
levels can increase rapidly in response to 
inflammation or tissue damage [27]. Increased 
CRP levels have been associated with central 

obesity, which, in turn, is related to various 
health concerns, including atherosclerosis 
and other macrovascular disorders [28]. Also, 
many systematic reviews indicated elevated 
CRP levels in patients with periodontitis [29]. 
During the 6-month observation period of our 
study, it was observed that serum CRP levels 
decreased to almost half of the baseline levels. 
This decrease in CRP levels indicates that 
systemic inflammation has decreased. The 
decrease in circulating CRP levels may have led 
to improvements in periodontal inflammation. 

Dyslipidemia refers to a group of lipid 
metabolism disorders characterized by 
abnormalities in the levels of various lipids in 
the blood, particularly lipoproteins such as high 
levels of total cholesterol, triglycerides, LDL, and 
decreased levels of HDL [30]. The suggestion 
of a two-way relationship between dyslipidemia 
and periodontal disease highlights the potential 
bidirectional influence of these two conditions 
on each other [31]. Possible mechanisms play 
roles such as a direct effect of oral bacteria 
or an indirect effect on the elevation of pro-
inflammatory mediators, promoting lipolysis and 
the subsequent elevation of circulating TG and 
consequently the development of atherosclerotic 
cardiovascular diseases [32, 33]. In our study, 
an increase in HDL levels and a decrease in 
LDL and triglyceride levels were observed in the 
patients. This result may be another factor that 
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causes a decrease in periodontal inflammation 
and an improvement in periodontal parameters. 
According to our findings, LSG caused a 
reduction in BMI resulting in a decrease in PI, 
GI, and BOP which represents periodontal 
inflammation. Furthermore, no changes were 
observed in CAL and PD. Consistent with our 
study, BMI, PI, BOP, and PD were found to 
decrease significantly according to the results 
of the 1-year follow-up cohort study. As a 
difference, the decrease in PD levels was not 
significant in our study. The reason for this 
may be that the 6-month follow-up period is 
not sufficient for PD reduction [34]. In contrast 
with our study results; de Moura Grec et al. [13] 
observed an improvement in clinical systemic 
conditions 6 months after BS, nevertheless, PD 
and CAL increased after surgery significantly 
compared to baseline. They associated this 
situation with nutritional deficiencies caused 
by bariatric surgery, changes in eating habits, 
or inadequate periodontal status of the patients 
before surgery. According to the results of a 
study, a decrease in BMI caused an increase 
in BOP for 12 months. The authors stated that 
at least 2 years are required after surgery for 
the stabilization of physiological processes and 
inflammatory profile, and that the nutritional 
imbalance that occurs after the surgical process 
may cause this result. Additionally, unlike our 
study, this study focused on patients who had 
laparoscopic RYGB. Postoperative recovery of 
these patients develops differently from LSG. In 
concordance with our study Jaiswal et al. [15] 
found a significant decrease in bleeding score, 
plaque, and gingival index as a result of 6-month 
follow-up of patients with BS, they did not find a 
significant change in PD and CAL levels. 

Ghrelin is a peptide hormone and has roles 
in various physiological processes, including 
growth hormone secretion regulation, energy 
metabolism, and food intake [35]. With the help of 
LSG, the fundus region of the stomach, that is, the 
area where the ghrelin hormone is predominantly 
secreted, is removed LSG provides a decrease 
in ghrelin concentrations [36] compared to other 
restrictive techniques [37] or RYGB [38]. Two 
different forms of ghrelin (des-acylated ghrelin 
and acylated ghrelin), have been studied for 
their distinct roles in these processes [35]. 
Serum total ghrelin concentration was positively 

correlated with pro-inflammatory cytokines 
such as tumor necrosis factor-alpha (TNF-α) 
and IL-6 [39]. Total and acylated ghrelin levels 
in serum were elevated in chronic periodontitis 
patients [40]. The levels of ghrelin in gingival 
crevicular fluid in patients with both periodontitis 
and T2DM, ghrelin levels in GCF were higher 
compared to periodontally healthy individuals 
with T2DM [41]. The observation that levels of 
TNF-α and IL-6, tend to decrease at 6 months 
after BS [42]. The increase in circulating 
levels of adiponectin is known to have anti-
inflammatory and insulin-sensitizing properties 
that have been demonstrated after BS [43]. The 
observed decrease in GI and BOP may be due 
to a decrease in inflammatory cytokines and 
decreased ghrelin concentration after LSG. The 
acknowledgment of the inability to determine 
which specific factor or factors contributed 
to the improvements in periodontal status 
following LSG is an important limitation of the 
present study. This limitation underscores the 
complexity of the interactions between systemic 
health, lifestyle, and oral health.

The reduction of body fat causes a decrease 
in systemic inflammation and a decrease 
in the progression of all diseases linked to 
obesity (hypertension, diabetes, cardiovascular 
diseases). According to our findings in this 
present study, a reduction in BMI led to a 
decrease in periodontal inflammation but no 
changes were observed in terms of CAL.
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