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Abstract
Aim: Our aim was to evaluate the periodontal status and present smoking habits
among a representative sample of young adult Israelis and to investigate possible
associations.

Material and Methods: A representative sample of young adult Israelis was
examined and interviewed on the day of release from compulsory military service.
Collected data included demographic background (gender, education level, family size
and father’s country of origin) and current smoking habits. Clinical examination
included the recording of periodontal health status according to the Community
Periodontal Index (CPI).

Results: Seven thousand and fifty-six young adults were examined. Sixteen per cent
were classified as CPI 0, 78% as CPI 1–2 and 6% as CPI 3–4. In total, 36% of the
sample reported a current smoking habit. Periodontal status was significantly improved
among non-smokers, females and children of fathers born in Israel or Western
countries.

Conclusion: Only 7% of the participants demonstrated signs of periodontitis and most
young adults did not smoke; a dose–response association was revealed between present
smoking habits and periodontal disease.
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Periodontal disease is the second-most
prevalent oral pathology, after dental
caries, and has been described among
populations of all ages throughout the
world (Petersen 2003b, Burt 2005).
A wide range of factors has been
demonstrated as significantly associated
with periodontal disease, including den-
tal plaque, systemic diseases, medica-
tions, psychosocial factors and smoking
(Haffajee & Socransky 1994, Hujoel
et al. 2003, Pihlstrom et al. 2005,
Nicolau et al. 2007, Peruzzo et al. 2007).

Research has demonstrated that cigar-
ette smoking is one of the foremost
risk factors related to the prevalence
and severity of periodontal disease

(Amarasena et al. 2002, Hujoel et al.
2003, Petersen 2003a). Studies have
reported an increased prevalence and
severity of periodontitis, greater margin-
al bone loss, deeper periodontal pockets,
more severe attachment loss and more
teeth with furcation involvements
among adult smokers (Johnson & Bain
2000, Petersen 2003a).

Periodontal disease is chronic by
nature and generally recognized as
more specific to the adult population.
Although smoking is more commonly
recognized among middle-aged and
older adults, studies have demonstrated
an increasing level among teenagers and
young adults (Warren et al. 2000). The
reported associations between smoking
and periodontal disease among young
people have been contradictory and con-
fusing. Several studies have shown
higher levels of gingival bleeding,
periodontal attachment damage, gingival
recession and alveolar bone loss among

young smokers compared with young
non-smokers (Gunsolley et al. 1998,
Hashim et al. 2001, Al-Wahadni &
Linden 2003). Other studies, however,
have found no significant association
among young individuals (Lopez
et al. 2001, Muller et al. 2001, 2002).
A recent study among a representative
sample of 19-year-old Swedish indivi-
duals found that smoking did not con-
tribute to the prevalence or severity
of periodontal destruction (Romao &
Wennstrom 2007).

The epidemiologic data of perio-
dontal disease and its determinants, in
Israel, are sparse and insufficient (Sgan-
Cohen et al. 1989, 1992, Goultschin
et al. 1990, Katz et al. 2000).

Since the 1990s, an oral health com-
ponent has been included in an ongoing
national health survey, conducted
among 21-year-old young Israeli adults,
which supplies a relatively optimal
representative national database. The
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objectives of the present study were to
utilize these data for evaluating the
periodontal status of young Israeli adults
and investigating the association of
periodontal health with smoking. The
hypothesis was that, compared with
smokers, non-smokers would demon-
strate improved periodontal health.

Material and Methods

Study population sample

In Israel there is a compulsory military
draft for most healthy males and
females, with the exception of conscien-
tious objectors, mainly due to religious
and ethnic factors. Each year the entire
18-year-old cohort is recruited. Males
serve for 3 years and females for 2
years. Male soldiers are therefore
released from service at the age of 21
and females at the age of 20. The
present sample was derived from sol-
diers on their day of release from army
service and has been considered in pre-
vious medical epidemiological surveys
as representative of young Israelis in
terms of socioeconomic, geographic
and cultural variables (Kark & Laor
1992, Lerman et al. 1993, 1995). The
systematic representative sampling
method, based on personal serial num-
bers, has been described in a previous
study (Sgan-Cohen et al. 2000). The
total number of soldiers in the Israel
Defence Forces is classified. Each
sampled soldier was summoned to the
general health surveillance unit, which
included a dental examination room.
Participation was by consent, neither
compulsory nor enforced, which was
given by 85–90% of the subjects. Most
declinations were due to blood sampling
refusal (within the medical component).
After examination of the demographic
background data among non-partici-
pants, no detectable bias was found.
Smoking behaviour data among non-
participants were not available. The
ongoing health survey had been
approved by the Internal Review Board
for human studies of the Israel Defense
Forces Medical Corps.

Clinical examination

The study was conducted over a 4-year
period by five examiners (one each year
and two in the final year). Training was
carried out by one dental epidemiologist
(H. S. C.), who periodically (once a
month) supervised and calibrated all

examiners until attaining inter-examiner
agreement levels of at least k5 0.9.
Dental examinations were performed,
throughout the day of medical surveil-
lance, in a pre-assigned room with a
dental chair and light and in accordance
with the WHO standardized methodol-
ogy of 1987 (WHO 1987). The WHO
Community Periodontal Index (CPI)
probe and a plane dental mirror were
used for recording periodontal status by
the CPI (Ainamo et al. 1982). Dental
radiographs were not included.

Independent variables

Data were collected by a self-adminis-
tered questionnaire and included gender,
education level (o12 years, X12
years), father’s country of origin [Israel,
Asia, Africa, ‘‘West’’ (America and
Western Europe) or former USSR],
family size (0–3, � 4 siblings) and
present smoking habits (0, 1–10, 11–20
and 420 cigarettes/day). Prior smoking
duration was not recorded.

Statistical analysis

Periodontal disease levels were descrip-
tively presented according to the aver-
age number of sextants with each CPI
score by number of cigarettes smoked
per day.

CPI scores were operationally
divided into three categories: score 0
(healthy), scores 1 and 2 (bleeding and
calculus) and scores 3 and 4 (moderate
and deep pathologic periodontal pock-
ets). Associations with the independent
variables were statistically analysed
according to the percentage of indivi-
duals with the highest CPI scores.

Univariate analyses of associations
were conducted for CPI 5 0 versus
CPI 5 1–4, utilizing Pearson’s w2 test,
calculated according to the WINPEPI
program (Abramson 2004).

A multi-nominal logistic regression
model was constructed, using the SAS
package, with the maximal CPI score as
the outcome and all potential indepen-
dent explanatory variables (education,
family size, gender, father’s origin and
smoking). Variables not found to be
independently significant in the multi-
nominal logistic regression were
excluded from the final model. In order
to calculate odds ratios (ORs), CPI
scores needed to be dichotomized. Sub-
sequently, scores 0–2 (healthy, bleeding
and calculus) were operationally defined
as ‘‘healthy’’ and scores 3–4 (moderate

and deep pathologic pockets) as ‘‘perio-
dontal disease’’. ORs were then calcu-
lated for being ‘‘healthy’’, adjusted for
the remaining significant variables. The
Wald test was used to determine the
effect of each variable category. For all
analyses, the level of statistical signifi-
cance was po0.05.

Results

The study sample comprised 7056
young adults: 3829 (54%) males and
3227 (46%) females. Most of the parti-
cipants (6440, 91%) had completed 12
years of schooling. About 60% were
from families of up to three children,
with only 40% belonging to larger
families of four children or more.
More than one-third (2511, 35%) of
the participants’ fathers were born in
Israel. Only 800 (11%) of the partici-
pants’ fathers were immigrants from the
former USSR, while the rest were
almost equally divided between Asia,
Africa and Western countries.

As shown in Table 1, 16% of the total
subjects demonstrated healthy gingival
tissue (CPI score 0), 78% had, at worst,
presence of bleeding or calculus (CPI
scores 1 and 2), and 6% exhibited
shallow and deep periodontal pockets
(CPI scores 3 and 4).

Table 1 summarizes the univariate
associations between periodontal status
and independent demographic variables
(gender, father’s origin, family size and
education level). Males demonstrated
worse periodontal status, as reflected
by the twice as high fraction of maximal
CPI scores (3–4) as compared with
females (8% versus 4%) and almost
half the fraction of healthy gums (12%
versus 20%). The differences between
healthy males and females reached sta-
tistical significance (Pearson’s w2,
po0.0001).

Subjects whose fathers were born in
Israel or in ‘‘Western’’ countries tended
to be healthier (CPI 0 5 18%) compared
with those from other origins (11–14%).
Differences were also evident for CPI
1–2, with subjects originating from Asia
and the former USSR demonstrating
higher levels (80% and 84%) than sub-
jects from the West, Israel and Africa
(75%, 76% and 77%, respectively). The
differences for higher CPI scores (3–4)
were less evident. The differences
between healthy young adults by
father’s origin reached statistical signif-
icance (Pearson’s w2, po0.0001).
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Subjects who completed 12 years of
school were more likely to be healthy
than those with a lower educational
level (16% versus 10%), and less likely
to have periodontal disease (CPI 5 3–4:
6% versus 10%). These differences
reached statistical significance
(p 5 0.0004). The distribution of sub-
jects by CPI scores according to the
number of siblings in families was not
statistically different.

Most of the participants (4503, 64%)
reported themselves as non-smokers,
while the rest (36%) reported smoking
in varying frequencies: 1168 (17%)
smoked o10 cigarettes a day, 1008
(14%) smoked 11–20 cigarettes a day
and 311 (4%) reported smoking 420
cigarettes daily. No differences were
detected by age (the whole sample was
of similar age).

Table 2 demonstrates periodontal health
status, according to smoking levels. As
smoking increased, a consistent decrease
in periodontal health (CPI 0) was found,
together with increases of higher CPI
scores (Pearson’s w2, po0.0001).

The same association is also illu-
strated in Fig. 1, with periodontal health
status presented as the average number
of dentition sextants with CPI scores. A
similar trend is evident with increased
number of cigarettes smoked per day:
the average number of sextants with CPI
0 decreased, while the average numbers
with CPI 2 and 3 increased.

The multi-nominal logistic model
revealed no associations between max-
imal CPI scores and levels of education
or family size. These variables were
therefore excluded from the final model
and are not presented.

Table 3 shows (in a multi-nominal
logistic regression model, controlling
for all variables) that females were
1.79 times more likely to be ‘‘healthy’’
(CPI 0–2) than males (po0.0001).
Young adults whose fathers originated
from African or Asian countries were
less likely to be healthy than those
whose fathers originated from Western
countries (OR 5 0.79, 0.81, respec-
tively). The OR for former USSR and
Israeli origins was not significant. Ori-
gin of father, as a category, achieved
statistical significance (p 5 0.006). In
analysis, the significance for the com-
bined model according to likelihood
ratio reached a level of po0.0001.

Non-smokers and those smoking 1–
10 cigarettes per day were more likely to
be healthy than subjects smoking 420
cigarettes per day (OR 5 1.64, 1.41,

respectively). The OR for those smoking
11–20 cigarettes daily was not signifi-
cant. Number of cigarettes, on the
whole, reached statistical significance
(po0.0001).

Discussion

Smoking has clearly been implicated as
contributing to periodontal breakdown
and in impeding healing of periodontal
tissues (Johnson & Bain 2000, Petersen
2003a). Research has indicated that the

previous popular hypothesis, which sug-
gests that oral hygiene is the pivotal
cause of periodontitis, should be ques-
tioned and that smoking may be a more
important aetiological factor, especially
among developing countries (Peto 1992,
Prayitno et al. 1993, Amarasena et al.
2002, Hujoel 2003). Moreover, cigarette
smoking in many countries has exhibited
an alarming increase among adolescents
and young adults (Warren et al. 2000,
Gilpin et al. 2005, Peterson et al. 2006,
Steele et al. 2007).

Table 1. Association between periodontal health and demographic variables

Variable n CPI 5 0, n (%) CPI 5 1–2, n (%) CPI 5 3–4, n (%) p-valuen

Gender
Male 3829 449 (12%) 3070 (80%) 310 (8%)
Female 3227 644 (20%) 2442 (76%) 141 (4%) o0.0001

Father’s origin
Israel 2511 430 (18%) 1940 (76%) 141 (6%)
Asia 1129 150 (13%) 906 (80%) 73 (7%)
Africa 1349 192 (14%) 1044 (77%) 113 (9%) o0.0001
Westw 1241 225 (18%) 929 (75%) 87 (7%)
Former USSR 800 90 (11%) 675 (84%) 35 (5%)

Education level
1–11 years 599 63 (10%) 478 (80%) 58 (10%)
121years 6440 1029 (16%) 5019 (78%) 392 (6%) 0.0004

Number of siblings
1–3 4241 669 (16%) 3320 (78%) 252 (6%)
�4 2801 423 (15%) 2180 (78%) 198 (7%) 0.44

Total 7056 1093 (16%) 5512 (78%) 451 (6%)

nPearson’s w2 test; for CPI 0 versus CPI 1–4.
wWest: America or Western Europe.

CPI, Community Periodontal Index.

Table 2. Maximal CPI scores by number of cigarettes smoked per day

Number of cigarettes n CPI 5 0, n (%) CPI 5 1–2, n (%) CPI 5 3–4, n (%)

0 4503 784 (18%) 3448 (76%) 271 (6%)
1–10 1168 171 (15%) 926 (79%) 71 (6%)
11– 20 1008 100 (10%) 831 (82%) 77 (8%)
201 311 29 (9%) 253 (82%) 29 (9%)
Total 7056 1093 (16%) 5512 (78%) 451 (6%)

Pearson’s w2 test (for CPI 0 versus CPI 1–4): po0.0001.

CPI, Community Periodontal Index.
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Fig. 1. Average numbers of sextants with Community Periodontal Index (CPI) scores, by
smoking levels.
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Periodontal disease is primarily pre-
valent among the adult population; how-
ever, researchers have indicated that this
disease is also common and of impor-
tance among young adults, adolescents
and even children (Bimstein et al. 2001).

Several epidemiological studies have
suggested that the effect of smoking
among younger populations is similar to
that reported among older people.
Researchers have concluded that smoking
was associated with accelerated perio-
dontal destruction among young adults,
that cigarette smoking should be consid-
ered a risk factor for periodontal disease
from an early age, and that smoking that
has persisted through mid-adolescence
and into adulthood will double the like-
lihood of periodontitis occurring by the
mid-twenties (Machuca et al. 2000,
Hashim et al. 2001). At the same time,
other studies have failed to demonstrate
an association between smoking and
periodontal destruction among young
people (Lopez et al. 2001, Muller et al.
2001, 2002, Romao & Wennstrom 2007).
These confusing data indicated a demand
for additional research pertaining to this
fundamental issue of dental health.

In this study, we used the CPI as
recommended by the WHO. CPI is not a
perfect measure of periodontal disease and
excludes measurement of attachment loss,
gingival recession, alveolar bone level and
other clinical periodontal parameters.

Nevertheless, it was originally proposed
as an appropriate estimation of disease in
large epidemiological surveys and has
contributed to an understanding of the
epidemiology of periodontal disease on a
global level (Cutress et al. 1986, 1987).
Data from the present study may therefore
only offer an estimation of the prevalence
of moderate or deep periodontal pocketing
among young Israeli adults, and not of all
clinical disease parameters.

The results of this study confirm a
consistent association between smoking
and periodontal status among young
adults. The prevalence of periodontal
destruction (CPI scores 3–4) was rela-
tively low (N 5 451, 6%); however, this
level cannot be disregarded clinically.
Despite this low level and the finding
that most of the sample was comprised
of non-smokers, an unambiguous ‘‘dose–
response’’ relationship was demonstrated.
This relationship was independent of the
other investigated variables. Smoking
duration was not recorded, and this deter-
minant could not be included in the
analysis. In addition, there might have
been non-smokers who had previously
smoked. These flaws could have presented
potential bias, even though the magnitude
is speculated as relatively low, considering
the young age of the sample. It should be
noted that given the small difference
between smokers and non-smokers, other
factors should be considered, such as oral
hygiene and stress.

The multiple regression analysis
revealed independent contributions of
gender, father’s origin and cigarette
smoking to periodontal status. In both
univariate and multivariate analyses, it
was apparent that the more the young
adults smoked, the more likely they
were to suffer from periodontal disease.

Prevention is always more effective
in the primary stage, before or adjacent
to the onset of disease.

The present study concluded that a
dose–response association existed among
young adults between smoking levels and
periodontal status. Although this research
was conducted in Israel, the conclusions
might be generalized to other, similar-
aged populations. Dental public health
efforts therefore need to include and
emphasize the role of smoking, and not
only oral hygiene, in primary preventive
efforts from an early age.
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Clinical Relevance

Scientific rationale for the study:
Smoking has been identified as a
major component in the aetiology of
periodontal disease among older
adults, but the association among
younger populations remains unclear.

Principal findings: Smoking has a
significant association with perio-
dontal disease among young adults.
Practical implications: The advent of
smoking addiction occurs in child-
hood and adolescence. Periodontists,
dentists and dental hygienists need to

be aware of the potential hazardous
effect of smoking on periodontal dis-
ease from an early age. They should
include this important component in
their diagnoses and be more com-
mitted to smoking prevention.
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