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Abstract
AIM: To determine the levels of salivary immunoglobu-
lin classes in Nigerian smokers and non-smokers with 
periodontitis. 

METHODS: Sixty-nine individuals were recruited into 
this study after obtaining informed consent. They were 
subdivided into three groups that consisted of 20 (aged 
46 ± 11 years) cigarette smokers with periodontitis 
(S+P); 24 (40 ± 12 years) smokers without periodon-
titis (S-P); and 25 (53 ± 11 years) non-smokers with 
periodontitis (NS+P). An oral and maxillofacial surgeon 
used radiographs for periodontal probing for the diag-
nosis of periodontitis. The smokers included subjects 
who smoked at least six cigarettes per day and all the 
periodontitis patients were newly diagnosed. About 5 
mL of unstimulated saliva was expectorated by each 
subject into plain sample bottles. Salivary immuno-
globulin levels were estimated using enzyme linked im-
munosorbent assay. Student’s t  test was used to deter-

mine significant differences between the means. Values 
of P  < 0.05 were regarded as significant.

RESULTS: No significant differences were observed in 
the mean salivary levels of the immunoglobulin classes 
(IgG, IgA, IgM and IgE) when S+P was compared with 
S-P. Mean salivary levels of IgA (520.0 ± 155.1 ng/mL 
vs  670.0 ± 110 ng/mL, P  = 0.000) and IgM (644.5 ± 
160.0 ng/mL vs  791.4 ± 43.7 ng/mL, P  = 0.000) were 
significantly lower in the S+P compared with NS+P 
group. Salivary IgA (570.4 ± 145.6 ng/mL vs  670.0 ± 
110 ng/mL, P  = 0.008) and IgM (703.1 ± 169.3 ng/mL 
vs  791.4 ± 43.7 ng/mL, P  = 0.012) levels were signifi-
cantly lower in the S-P compared with NS+P group. 
Only one (5%) periodontal patient had detectable 
levels of salivary IgE (0.20 IU/mL). Similarly, only one 
smoker (4.17%) had detectable levels of salivary IgE 
(0.04 IU/mL) and two non-smokers (9.52%) had de-
tectable levels of IgE (0.24 IU/mL).

CONCLUSION: Our study suggests that reduced sali-
vary IgA and IgM levels in smokers with periodontitis 
could enhance increased susceptibility to periodontitis.

© 2012 Baishideng. All rights reserved.

Key words: Cigarette smoke; Immunoglobulin; Peri-
odontitis; Saliva; Smokers
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INTRODUCTION
Tobacco smoking has consistently been identified as an 
important risk factor for the development of  periodontal 
disease[1]. Cross-sectional studies have demonstrated that 
smoking leads to epidemiologically and biologically en-
hanced risk of  periodontal disease[2]. The role of  cigarette 
smoke in periodontal disease development was further 
established by a United States National Health Survey 
that showed that about 42% cases of  periodontal diseases 
were associated with cigarette smoking[3]. 

Heat from cigarette smoke increases calculus forma-
tion. Nicotine deposition from cigarette smoking is asso-
ciated with local effects such as attachment loss, recession 
on the lingual surfaces of  maxillary teeth and mandibular 
incisors, plaque retention, reduced collagen synthesis, 
fibroblast growth inhibition, and damage to cell mem-
branes[4,5]. The cellular and humoral immune systems are 
both affected by smoking. It exerts effects throughout 
the cytokine network and suppresses both chemotactic 
and phagocytic functions of  polymorphonuclear leu-
kocytes in saliva and tissues[6,7]. Suppression of  immune 
responses, impaired stromal cell function, and amplified 
inflammatory responses have been reported in smokers. 
Changes in molecular and cellular mechanisms at both 
the local and systemic levels explain the strong associa-
tion between tobacco smoke and the severity of  peri-
odontal disease[1]. Smokers with periodontal disease typi-
cally have less clinical inflammation and gingival bleeding 
than non-smokers. This has been attributed to nicotine 
with a vasoconstrictive effect that culminates in reduced 
blood flow, edema, and clinical signs of  inflammation, 
which mask serious periodontal disease in smokers[1]. 

Smoking decreases levels of  salivary IgA and serum 
IgG to Prevotella intermedia and Fusobacterium nucleatum. It 
also creates an imbalance between T-lymphocyte subset 
ratios, hindering T-helper-cell function and compro-
mising antibody production. A study among Nigerian 
cigarette smokers has reported increased levels of  serum 
IgG and IgM[1,8]. Smoking suppresses the production of  
IgG2, which is predominantly required for the protection 
against Aggregatibacter actinomycetemcomitans and Porphy-
romonas gingivalis. This suggests that suppression of  IgG2 
antibodies may be the main mechanism inducing severe 
periodontitis[9]. 

Humoral immune response has been reported to have 
a protective role in periodontal disease pathogenesis[10]. 
Alterations in specific IgG and IgA responses both lo-
cally at inflamed sites and systemically have relevance in 
disease progression[11,12]. 

Saliva contains immunoglobulins that might have 
originated from the salivary glands and serum[13] but pre-
vious studies on salivary immune parameters are scarce, 
and to the best of  our knowledge, no such study has 
been carried out among Nigerians. The present study 
assessed the levels of  salivary immunoglobulin classes 
in cigarette smokers with or without periodontitis. This 
would probably, explain the contributory role of  cigarette 
smoke in the development of  periodontitis. 

MATERIALS AND METHODS
Study subjects
Sixty-nine individuals were recruited for this study after 
obtaining informed consent and ethical approval from 
the University of  Ibadan/University College Hospital 
Joint Ethics Review Committee. They were subdivided 
into various groups that consisted of  20 (aged 46 ± 11 
years) cigarette smokers with periodontitis (S+P); 24 (40 
± 12 years) smokers without periodontitis (S-P); and 25 
(53 ± 11 years) non-smokers with periodontitis (NS+P). 
An oral and maxillofacial surgeon used radiographs for 
periodontal probing for the diagnosis of  periodontitis. 
The smokers smoked at least six cigarettes per day and all 
the periodontitis patients were newly diagnosed. Pregnant 
women and patients with diabetes or human immunode-
ficiency virus infection were excluded from the study. Pa-
tients with other forms of  oral disease were also excluded 
from the test group. A short structured questionnaire 
was administered to each subject to obtain information 
on age, sex, occupation, cigarette smoking, and drug con-
sumption.

Spitting was used for saliva collection. About 5 mL of  
unstimulated saliva was expectorated by each subject into 
plain sample bottles. The samples were collected between 
09:00 and 11:00 h, 1 h after eating or mouth washing. 
The samples were centrifuged at 3000 × g for 5 min and 
the clear supernatant was gently pipetted into another 
clean plain bottle and stored at -20  ℃ until analyzed.

Immunoglobulin levels were estimated using enzyme 
linked immunosorbent assay (ELISA) (Immunology 
Consultant Laboratory, Portland, OR, United States). The 
IgE kit was supplied by Leinco Technologies (St Louis, 
MO, United States). The assay was carried out following 
the manufacturer’s instructions.

Statistical analysis
The data were presented as mean and standard deviation. 
Student’s t test (unpaired) was used to determine signifi-
cant differences between the means. Values of  P < 0.05 
were regarded as statistically significant.

RESULTS
The mean levels of  salivary immunoglobulin classes were 
lower in the S+P group compared with the S-P group, 
although the differences were not significant (Table 1). 
Mean salivary levels of  IgA and IgM were significantly 
lower in the S+P group when compared with the NS+P 
group (P = 0.000, P = 0.000, respectively) (Table 2). No 
significant differences were observed in the mean levels 
of  IgG and IgE. In Table 2, salivary IgA and IgM levels 
were significantly lower in the S-P group when compared 
with the NS+P group. IgG and IgE levels were not sig-
nificantly different.

Only one (5%) periodontitis patient had detectable 
levels of  salivary IgE (0.20 IU/mL). Similarly, only one 
smoker (4.17%) had detectable levels of  salivary IgE (0.04 
IU/mL) and two non-smokers (9.52%) had detectable 
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levels of  IgE (0.24 IU/mL). This could be an indication 
that the level of  IgE was low in the saliva of  smokers 
and periodontitis patients, and therefore immeasurable by 
ELISA.

DISCUSSION
Periodontal diseases are infectious diseases caused by 
anaerobic Gram-negative bacteria[14]. Cigarette smoking 
is a significant risk factor for the initiation and progres-
sion of  periodontal disease. Studies have reported altered 
inflammatory cytokine levels in serum and gingival cre-
vicular fluid in smokers[15]. Nicotine in cigarette smoke 
affects the host inflammatory response to oral pathogens 
by upregulating release of  prostaglandin and interleukin-2 
leading to accelerated periodontal tissue destruction[1]. 

Reduced, but nonsignificant levels of  immunoglobu-
lin classes were observed when we compared S+P with 
S-P groups. This observation suggests that cigarette 
smoking might not have a profound effect on periodon-
titis at the early stage because all our patients were newly 
diagnosed. However, the interaction between cigarette 
smoke and periodontitis was reflected in the lower levels 
of  salivary IgA and IgM in smokers with periodontitis 
(S+P) when compared with periodontitis patients who 
were non-smokers (NS+P). Al-Ghamdi and Sukuma-
ran[15] have reported reduced IgA in the serum of  smok-
ers with periodontitis. Our observation corroborates 
earlier reports[16,17] that cigarette smoking is associated 
with suppression of  B-cell function and immunoglobulin 
production. This further explains the potential mecha-
nism by which cigarette smoking exacerbates periodontal 
disease.

In order to understand the independent effects of  
smoking and periodontitis on the levels of  salivary im-

munoglobulin classes, the S-P group was compared with 
the NS+P group. It was observed that smokers without 
periodontitis had significantly lower levels of  IgA and 
IgM when compared with non-smokers with periodonti-
tis. This indicates that cigarette smoke could be involved 
in suppression of  oral immunity, thus making smokers 
more prone to Gram-negative bacterial infections that 
cause periodontal diseases. This observation could partly 
explain the mechanism through which smoking enhances 
increased susceptibility to periodontitis and its subse-
quent poorer response to treatment.

The small sample size was a major limitation of  this 
study. Therefore, further research with a larger sample 
is required to confirm the differences observed in this 
study.

In conclusion, our study suggests that cigarette 
smoking could enhance initiation and progression of  
periodontitis due to its associated immunosuppression. 
Mechanisms to increase the levels of  these salivary im-
munoglobulin classes may be therapeutic in the control 
and prevention of  oral diseases. 
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Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/esps/. Authors are highly 
recommended to consult the ONLINE INSTRUCTIONS TO 
AUTHORS (http://www.wjgnet.com/1949-8454/g_ info_ 
20100316155305.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wjbc@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated 
online submission for the same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required in-
formation for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
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standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g. Supported by Na-
tional Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g. 
Telephone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJBC, review-
ers of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no less than 480 words 
should accompany each manuscript. Abstracts for original contri-
butions should be structured into the following sections. AIM (no 
more than 20 words): Only the purpose should be included. Please 
write the aim as the form of  “To investigate/study/…; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no 

less than 294 words): You should present P values where appropriate 
and must provide relevant data to illustrate how they were obtained, 
e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no more 
than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, 
which reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and DIS-
CUSSION, and should include appropriate Figures and Tables. Data 
should be presented in the main text or in Figures and Tables, but not 
in both. The main text format of  these sections, editorial, topic high-
light, case report, letters to the editors, can be found at: http://www.
wjgnet.com/1949-8454/g_info_20100316160646.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For ex-
ample: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain se-
quence.
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