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Abstract 
Background: There is growing evidence that nitric oxide (NO) is critically involved in obesity and its clinical consequences like 

cardiovascular disease, hypertension and diabetes. However the role of nitric oxide in oral condition like periodontitis in relation 

to obesity is not clearly understood. Hence we have attempted to elucidate role of serum and salivary nitric oxide in obese and 

non-obese periodontitis patients. 

Method: We investigated 100periodontitis patients; out of which 50 were obese (Group C) and 50 were non-obese patients 

(Group B) along with 50 normal weight, age matched healthy controls (Group A). Various dental and clinical parameters as well 

as body measurements were assessed. 

Results: Group B and Group C showed a marked increase (P <0.001) in clinical attachment loss and probing depth when they are 

compared with Group A. Group B and Group C patients are also compared for body mass index and waist circumference with 

Group A.BMI and WC was found to be non significant in Group B when compared with Group A. Group C patients exhibited a 

highly significant increase in BMI and WC when compared with Group A. Group C patients also showed a highly significant 

increase in BMI and WC when compared with Group B. 

The study also documented a significant increase in serum & salivary nitric oxide levels in Group B and C when compared to 

Group A. (P<0.001).Obese periodontitis patients (Group C) revealed highly significant increase (P <0.001) in nitric oxide levels 

than non-obese periodontitis patients (Group B).  

Conclusion: Obesity can be considered as an important contributing factor in enhancing the severity of periodontitis as well as 

nitric oxide production in these patients. 
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Introduction 
Periodontal diseases are a group of chronic 

inflammatory diseases, involving the soft tissue and 

bone surrounding the teeth in the jaws, or known as 

periodontium. Periodontal diseases including gingivitis 

and periodontitis are among the most common dental 

diseases after tooth decay in humans. Periodontal 

diseases are characterized by inflammation of tooth-

supporting tissues caused by bacterial infection(1). 

Gingivitis is a very common and reversible condition, 

which manifests as redness, gum swelling and bleeding 

during tooth-brushing and flossing. Gingivitis may 

progress into periodontitis which promote damage of 

periodontal tissues, ligament and alveolar bone if left 

without appropriate treatment. Teeth may become 

mobile and in due course exfoliates following the 

decline of periodontal supporting tissues(2). This 

process is attributed to the release of toxic products 

from the pathogenic bacterial plaque in addition to the 

inflammation of gingival tissues elicited by the host 

response(3). Nitric oxide (NO), a colorless inorganic 

free radical gas, is produced in all tissues(4,5) and plays a 

role in almost every biologic system(6).  

Nitric oxide is synthesized from L-arginine by a 

family of enzymes called nitric oxide synthase. There 

are 3 forms i) Type 1-NO synthase-neuronal enzyme ii) 

Type 2-NO synthase-inducible enzymes(iNOS) found 

in macrophages iii) Type 3-NO synthase–endothelial 

cell enzymes (eNOS). Nitric oxide is a short living 

product of nitrogen metabolism, produced by many 

cells in the organism with much important 

physiological role. Macrophages and other inflamma-

tory cells can induce its synthesis and release. The most 

important inductor of NO synthesis are bacterial 

products.(7,8) 

Important functions of nitric oxide are i) it acts as 

an endothelial derived relaxer of vascular smooth 

muscle, an inhibitor of platelet aggregation and 

adhesion and neuronal messenger. ii)  nitric oxide 

synthesized in large amounts by activated macrophage 

is a cytotoxic molecule influencing the ability of cells 

to kill bacteria, viruses, protozoa as well as tumour 

cells. In addition it is well established that nitric oxide 

secreted by macrophages has damaging effects on 

cellular proteins, DNA and lipids leading to 

periodontitis.(9) 
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Andrukhov O et al(10) studied the production of 

nitric oxide & lipid metabolism in periodontitis patients 

wherein they documented a significantly lower serum 

& salivary levels of nitric oxide metabolites in 

periodontitis patients than control group. On the other 

hand, a study(11) reported a significantly increased 

salivary nitric oxide levels in gingivitis & periodontitis 

patients as compared to controls. The reports of role of 

nitric oxide in periodontitis are inconsistent. 

Obesity is a condition involving an excess 

accumulation of body fat, and the prevalence of it is 

rapidly increasing worldwide. Excessive weight and 

obesity are leading to nutrition related disorders of 

clinical and public health concern.(12,13) 

It has been reported that obesity is related to the 

presence of risk factors for periodontal disease, such as 

biofilm and dental calculus(14). There was a(15) report 

that periodontal disease was positively associated with 

body mass index (BMI) whereas another study(16) did 

not observe any association between obesity in early 

adulthood and severity of periodontitis at the age of 60–

70 years. A systematic review of Suvan et al. observed 

heterogeneity among studies, but all of them have 

reported higher odds of periodontitis among obese 

individuals(17). However, the effect of obesity on nitric 

oxide in periodontitis patients has not been studied 

extensively. Recognizing this lack of information, we 

attempted to expose the probable role of obesity on 

nitric oxide in periodontitis patients. 

 

Materials and Methods 
This was a case-control study comprising of 150 

subjects visiting to the dental outpatient department of 

Ashwini Rural Medical College, Hospital and Research 

Centre, Kumbhari, Solapur, Maharashtra. Out of them 

50 were volunteers (Group A) and 100 were 

periodontitis patients.100 periodontitis patients were 

further grouped into non-obese (Group B)& obese 

(Group C). Dental examination was done by a 

periodontist using William’s periodontal probe. The 

study was approved by institutional ethical committee. 

The purpose of our study was explained to all 

subjects and their consent was taken. All the subjects 

were in the age range of 25-55 years irrespective of the 

gender. Clinical Examination: The patients were 

screened for obesity based upon BMI and WC. The 

currently recommended cut-offs of BMI recommended 

by World Health Organization include 18.5 - 24.9 

kg/m2 for normal, 25.0 - 29.9 for overweight and >30 

kg/m2 for obesity.(18) Common surrogate measure of 

abdominal obesity is WC. Waist circumference is a 

simple, easily obtainable anthropometric parameter, 

which can be assessed in the outpatient setting. The 

currently recommended cut-offs of WC >102 cm in 

men and >88 cm in women. BMI was obtained by 

measuring the heights of all individuals. They were also 

accurately weighed with digital balance. 

BMI is defined as the individuals body weight 

divided by the square of their height and measured in 

Kg/m2. (BMI=weight (kg) /height (m2).  

Waist circumference was measured in centimeters 

at the level of umbilicus. The measurements were taken 

after participants exhaled.   

 

Inclusion criteria: 

A) Healthy controls: 50 healthy, normal weight and 

age matched volunteers were enrolled. 

i) They were without periodontitis. 

ii) They were not obese. 

iii) They were not suffering from any type of 

systemic disease/ses. 
 

B) Study group subjects:  

I) 50 non-obese periodontitis patients were 

included who had  

i) BMI ≤ 25 kg/m2 

ii) Waist circumference: ≤ 88cm. 

iii) Clinical attachment loss of ≥ 4mm. 

iv) Periodontal pocket depth ≥ 4mm. 

v) Bleeding on gentle probing. 

vi) Not undergone any periodontal treatment for at 

least six months prior to sampling. 
 

i) 50 obese periodontitis patients were included 

who had- 

ii) BMI ≥ 30Kg/m2 

iii) Waist circumference:≥ 88cm. 

iv) Clinical attachment loss of ≥ 4mm. 

v) Periodontal pocket depth ≥ 4mm. 

vi) Bleeding on gentle probing. 

vii) Not undergone any periodontal treatment for at 

least six months prior to sampling. 
 

Exclusion criteria: 

i) Subjects suffering from any systemic 

disease/s. 

ii) Subjects with hypertension. 

iii) Requiring antibiotic or anti-inflammatory drug 

therapy. 

iv) Having history of alcoholism, smoking. 

v) Subjects regularly using mouth washes.eg. 

chlorhexidine mouth wash. 
 

2 ml unstimulated whole saliva was collected in 

disposable tubes and centrifuged at 3000rpm for 10 

minutes. Supernatant was used for analysis of salivary 

nitric oxide. 3 ml blood was collected in sterile 

heparinised bulb and was allowed to clot. Serum was 

separated by centrifugation at 3000 rpm for 10 minutes 

at room temperature. Both the samples were analyzed 

on the same day of collection. 

Serum & salivary nitric oxide was estimated by the 

method of Cortas NK and Wakid NW (19) in which 

nitrate is reduced to nitrite by copper coated cadmium 

granules. This nitrite produced is determined by 

diazotization of sulphanilamide coupling to naphthy-

lethylenediamine to form purple complex. The intensity 
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of colored complex is measured at 540 nm using 

colorimeter of kanad vidyut(HANS 253). 

 

 

 

 

Statistical Analysis 
Descriptive statistics such mean and SD was used. 

Comparison between three groups was done by using 

ANOVA test followed by post hoc Bonferroni Multiple 

Comparisons Test. A p-value less than 0.05 was 

considered as significant. 

 

Observations and results: 
 

Table 1: Shows the levels of clinical attachment loss (CAL) & periodontal pocket depth (PD), Body Mass 

Index (BMI) and waist circumference (WC) in healthy controls and periodontitis patients 

Parameters Healthy controls 

(n=50 ) 

Group A 

Non-obese periodontitis 

patients(n=50) 

Group B 

Obese-periodontitis 

patients (n=50) 

Group C 

CAL (mm) 2.22 ± 0.53 4.6 ± 0.52 * 6.8 ± 1.03 * # 

PD (mm) 1.45 ± 0.37 4.3 ± 0.44 * 7.31 ± 0.72 * # 

BMI (Kg/m2) 22.92 ± 5.7 25.3 ± 5.4 35.58 ± 6.9 * # 

WC (cm) 83.52 ± 6.9 84.4 ± 3.9 105.34 ± 6.3 * # 

Compared to healthy controls * P < 0.001 

Compared Non-obese & Obese # P< 0.001 

 

Table 2: Depicts the levels of serum and salivary nitric oxide in healthy controls and periodontitis patients 

Parameters Healthy controls 

(n=50 ) 

Group A 

Non-obese periodontitis 

patients(n=50) 

Group B 

Obese-periodontitis 

patients (n=50) 

Group C 

Salivary nitric oxide 

(μmol/L) 
27.50 ± 2.23 53.93 ± 9.54 * 78.02 ± 4.82 * # 

Serum nitric oxide 

(μmol/L) 
31.64 ± 4.45 54.58 ± 6.43 * 96.5 ± 7.42 * # 

Correlation coefficient 

(r) value 
0.003 -0.011 -0.04 

Compared to healthy controls *P<0.001 

Compared Non-obese & Obese # P< 0.001 

 

Table no. 1 shows the levels of dental parameters 

like clinical attachment loss and periodontal pocket 

depth along with obesity markers like body mass index 

and waist circumference in healthy controls and 

periodontitis patients. Significantly elevated (p<0.001) 

levels of clinical attachment loss, periodontal pocket 

depth were observed in Group B and Group C when 

they are compared with Group A whereas there was no 

change observed in case of body mass index and waist 

circumference in Group B when compared with Group 

A. Group C exhibited significantly increased body mass 

index, waist circumference, clinical attachment loss and 

periodontal pocket depth when compared with Group B 

patients (p<0.001). Our results are consistent with 

Buhlin K. et al(20)and Saito T et al.(21) Obesity has been 

postulated to reduce blood flow to the periodontal 

tissues, promoting the development of periodontal 

disease.(22) 

Table no. 2 depicts the levels of nitric oxide in 

serum and saliva. The levels of nitric oxide in serum 

and saliva were significantly increased in Group B and 

C when compared with Group A (P<0.001). The study 

also showed a significant increase (p<0.001) in serum 

and salivary nitric oxide levels in Group C than Group 

B.  

 

Discussion 
Periodontitis, mainly caused by bacteria is 

characterized by inflammation and destruction of 

attachment apparatus of the teeth. Inflammation and 

infections are the hallmarks of periodontitis. 

In the present study, periodontitis is affected by the 

elevated obesity markers like BMI and WC. Obesity 

has been found to be significantly associated with 

alveolar bone loss among adults, with a stronger 

association in females(23). It has been postulated that 

obesity reduces blood flow to the periodontal tissues, 

promoting the development of periodontal disease(22). 

Furthermore, obesity may enhance immunological 

or inflammatory disorders, which might be the reason 

why the obese subjects, tend to exhibit escalating poor 

periodontal status relative to non-obese individuals(24). 
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Nitric oxide is produced in many different cells and is 

involved in the regulation of physiological and 

pathophysiological processes as inflammation, 

vasodilatation, and metabolism. Present study 

documented increased nitric oxide levels in Group B 

and Group C as compared with Group A (P < 0.001). 

NO levels may be increased due to increased 

activity of iNOS. LPS of the dominant Gram negative 

bacteria in periodontitis may directly trigger resident or 

immigrant cell populations for expression of iNOS or 

provoke an immune response that result in release of 

pro-inflammatory cytokines that subsequently may 

induce iNOS(25,26) 

Being a free radical, it also participates in the 

suppression of proteoglycan and collagen synthesis and 

this may be one of the mechanisms by which NO 

contributes to the reflective early loss of collagen in 

gingival lesions. 

Our results are in consistent with Menaka KB(27) et 

al who assessed the levels of nitric oxide in serum in 

chronic periodontitis patients and correlated these levels 

with severity of periodontitis. Periodontitis patients 

showed significantly elevated nitrite levels than healthy 

subjects. These findings help to understand role of 

nitric oxide in progression of disease. 

Further, a high increase in nitric oxide level was 

observed in Group C as compared with Group B. Obese 

periodontitis patients exhibited a high increase in nitric 

oxide level in serum as well as saliva than non-obese 

periodontitis patients. Increased NO levels in Group C 

could be due to increase in NO production through 

cytokine-induced iNOS induction. In addition, it has 

also been shown that obese subjects have a capacity for 

increased NO production.(28) 

Our results are in accordance with a study  

documenting that NOS activity is present in human 

adipose tissue and produces NO through inducible NOS 

from a source of NO, adipose tissue per se(29). Another 

study(30) also reported that NOS activity and inducible 

NOS protein were present in human subcutaneous 

adipose tissue. 

There are reports of increased serum NOx levels in 

a group of diseases and the study suggested that it may 

be due to increase in NO production through cytokine-

induced iNOS induction.(29,30,31) Thus, there are reports 

about increased nitric oxide and it’s metabolites in 

normal study population as well as disease conditions; 

but very few reports are available documenting 

increased nitric oxide levels in periodontitis in relation 

to obesity. Present study results revealed a positive 

involvement of obesity in aggravating periodontitis as 

well as increased nitric oxide production in the disease. 

 

Conclusion 
Obesity not only aggravates periodontitis but also 

contributes to increased nitric oxide production in these 

patients. 
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