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Abstract
Background: In this study, risk determinants were determined for periodontal disease
in the representative population sample (n5 3146) of the Study of Health in
Pomerania.

Methods: After examining the net random sample (response 69%) and exclusion of
edentulous cases and those with missing values, 2595 subjects remained. Using a
multivariate, fully adjusted logistic regression, different definitions of ‘‘periodontally
diseased/healthy’’ were examined as the dependent variable (extent of attachment loss
(ALX4mm, combined AL and tooth loss). The independent variables used were
sociodemographic factors (age, gender, income, education), medical factors (systemic
diseases, drugs), behavioral factors (regular dental checkup, smoking), and oral factors
(presence of supragingival calculus and plaque).

Results: The following risk determinants were found for AL: male gender, presence
of supragingival plaque and calculus, smoking, low educational level. For the
combination of AL and tooth loss, risk determinants were female gender,
supragingival plaque, smoking, and low educational level. Consumption of
antiallergic medications and regular dental checkups proved to be protective. Smoking
was the most influential risk determinant. These parameters explained approximately
43–55% of the variation.

Conclusion: These results concur with those of the literature. In order to explain
disease status further, host-response and microbiological factors must also be
examined.
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The observation that not all individuals
of a population exhibit the same sus-
ceptibility to periodontal disease indi-
cates that certain factors modulate the
onset and progression of the disease.
Thus, the scientific focus is currently on
risk factors influencing the susceptibil-
ity for onset and progression of destruc-
tive periodontal disease (Genco 1996).
It is incontestable that the presence of
bacteria is necessary for periodontitis to
arise; however, bacteria alone are incap-
able of initiating the disease (Page &
Kornman 1997). Genetic disposition
(Kornman et al. 1997), lifestyle, and
environmental parameters interact with

the bacteria to cause disease (Grossi
et al. 1994, 1995, Kocher et al. 2002,
Meisel et al. 2003). Education, dental
awareness, income, age, and male
gender, in addition to smoking, have
been shown to be risk factors for
periodontal disease (Phillips et al.
1991, Micheelis & Reich 1999, Treas-
ure et al. 2001).

Periodontal disease, caries or endo-
dontic lesions are seldom so advanced
that extraction is the only treatment
option. The decision to carry out an
extraction for periodontal reasons is
strongly influenced by treatment deci-
sions of the dentist and his interaction

with the patient (Kay & Nuttall 1997).
Spontaneous exfoliation of teeth
because of severe periodontal break-
down is an uncommon event in subjects
who regularly visit a dentist. In a recent
study, Splieth et al. (2002) showed that
in East Germany, a threshold seems to
exist for the decision to extract perio-
dontally diseased teeth with an attach-
ment loss (AL) of as little as 30%; about
20% of the teeth were extracted at this
level. Subjects with that level of perio-
dontitis would certainly not have lost
these teeth if they had not been treated
by dentists. Thus, the transition bet-
ween ‘‘periodontal’’ and ‘‘iatrogenic’’
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extraction reasons is fluid. Many epide-
miological surveys on oral health con-
tain information on mean values and
distribution of missing teeth, but no
information on the reasons for extrac-
tions (Miller et al. 1987, Micheelis &
Reich 1999). Over the whole popula-
tion, the estimates of the proportion of
teeth extracted because of periodontitis
may be as high as 38% (for a review,
see Baelum 1998). Thus, in older adults
with missing teeth, a considerable
proportion may have been extracted
because of periodontal disease. To
account for this presumed periodontal-
disease effect, we included a statistical
analysis with combined variables of
missing teeth and periodontal measure-
ments. Four different logistic regression
models were examined. In two models,
the periodontal case definition refers to
AL, and in the other two models to a
combination of AL and number of
remaining teeth. We assumed that risk
determinants for periodontal disease
should also be found in the combination
models, because in this population,
subjects older than 55 years exhibit a
substantial proportion of missing teeth.

In the present study, the relative
importance of risk determinants for
periodontal disease/health status was
examined in multivariate models.

Material and Methods

The Study of Health in Pomerania
(SHIP 0) is a medical-dental health
survey of a 20–79-year-old population,
approved by the local Institutional
Review board. Details of sampling and
methods have been described elsewhere
(John et al. 2001). SHIP 0 is based on a
representative, age-stratified random
sample that was examined from 1997
to 2001 in Vorpommern (the north-
eastern-most state of Germany, for-
merly GDR, with 212,157 inhabitants).
First, three cities, 12 towns, and then the
villages were selected; second, from
each of the selected communities, sub-
jects were drawn at random from
official resident data files proportional
to the population size of each commu-
nity, and stratified by age and gender.
Only individuals with German citizen-
ship were included. The present evalua-
tion is based on a net random sample of
3146 data sets (response 69%, John
et al. 2001, Hensel et al. 2003). After
examining the raw data (n5 3146), 20
flawed data sets, 387 edentulous sub-

jects, 127 subjects without AL records,
and 17 subjects with incomplete data
were excluded, resulting in 2595 sub-
jects for analyses.

The data collection and instruments
comprised four parts: oral health exam-
ination, medical examination, health-
related interview, and risk-related
questionnaire (John et al. 2001, Hensel
et al. 2003). The dental examination was
conducted in rotation by five trained
dentists. Every six months to a year,
calibration exercises were performed on
a subset of persons not connected with
the study, yielding an intraclass correla-
tion of 0.82–0.91 per examiner and an
inter-rater correlation of 0.84.

The following parameters were used:

Number of teeth: wisdom teeth were
excluded.

Probing depth/AL: The probing depth
and AL were determined in the half-
mouth using a periodontal probe (PCP
11, Hu Friedy, Chicago, IL, USA) on
teeth 11–17 and 41–47 or 21–27, and
31–37 at four sites (distobuccal, mid-
buccal, mesiobuccal, and midlingual) on
the right or left side in alternate
subjects. Where determination of the
cemento-enamel junction was indistinct
(wedge-shaped defects, fillings, crown
margins), the attachment level was not
recorded.

Data analysis

Odds ratios (ORs) for periodontal dis-
ease as the dependant variable were
calculated with a logistic stepwise
regression model (significance level:
0.05) adjusted for multiple independent
variables (SPSS 10.0 Inc. Chicago, IL,
USA). Four different models of perio-
dontal disease experience were tested.
In models A and C, the healthy subjects
and in models B and D the diseased
subjects constituted the dependent vari-
ables. In model A, subjects had no AL
X4mm, and in model B, they had
severe disease with AL X4mm on
X51% of all sites examined; this health
or disease status was defined as belong-
ing to the lower or upper quartile of
the distribution of sites with AL
X4mm, respectively. In models C and
D, the dependent variable consisted
of the combination of the median AL
extent X4mm and number of teeth.
To belong to the healthy group in model
C, subjects had to have o16% sites
with AL X4mm and X23 teeth;
in model D they exhibited X16%
sites with AL X4mm and had o23
teeth (Fig. 1). Age and gender were
included independently in the p-value.
A variable was included in all four
models if it was significant in one
model. Problems of multicollinearity
were documented.

Fig. 1. Scatter plot for number of teeth and attachment loss (AL) X4mm. Subjects are
grouped according to the number of teeth and AL. Subjects in section 4 constitute the
‘‘healthy’’ subjects (model C) and those in section 1 are the ‘‘diseased’’ subjects (model D).
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Independent variables

Plaque, calculus: the occurrence of
supragingival plaque and supragingival
calculus was dichotomously evaluated
on the first molar, the canine, and the
central incisor at the four sites men-
tioned above. If that tooth was missing,
the next distal tooth was used instead.
The presence of plaque was determined
by scratching with the periodontal
probe; the presence of calculus was
determined visually. Calculus and pla-
que in percent of sites was categorized
according to a quartile distribution
(number of sites with calculus: 0–10%,
11–27%,28–45%,X45%, plaque: 0–16%,
11–33%, 34–53%, X54%).

Age was stratified into six decades
from 20 to 79 years, reference: 20–29
years

Education was grouped into 8, 10,
and 12 years of schooling

Monthly household income was cate-
gorized into quartiles.
Dental checkup: regular checkup was
defined as a visit to the dentist within
the last 6 months if the reason for the
visit was ascribed to prevention. The
subjects were asked why they visited
their dentist.
Smoking was categorized into ‘‘non-,
former, and current smoker’’. We dis-
cerned between smokers with ‘‘o10
cigarettes/day’’, ‘‘10–19 cigarettes/ day’’
and ‘‘X20 cigarettes/day’’. A current
smoker was defined as someone who
usually smokes more than one cigarette/
day. A former smoker was defined as
someone who used to smoke regularly.
We did not include packyears since this
variable did not provide further infor-
mation.
Medication: defined as consumption of
any medication within the past week
prior to SHIP examination.

History (yes/no) of cardiovascular
disease, diabetes, arthritis, hypertension,
osteoporosis, allergy (without and with
drugs), asthma, and medication for
asthma, hypertension and allergy. The
health status was defined according to
self-reported information.

Results
Description of sample

Our sample consisted of 52% females
and 48% males, distributed proportion-
ally among the six age categories,
except in the youngest and the oldest
decade. At the time of German unifica-
tion (1990), 98% of the investigated
subjects lived in eastern Germany and

1.6% came from the western part of
Germany. Nineteen percent attended
school for 12 years, 49% for 10 years,
and 32% for 8 or fewer years. Thirty-six
percent were non-smokers and 32%
current smokers. More men than women
smoked (current/former smoker: 35%/
44% (male) versus 29%/22% (female)).
The most prevalent self-reported disease
was allergy (25%), and 8% of all
subjects took anti-allergy medications.
Six percent had diabetes mellitus. AL
increased nearly linearly for thresholds
of mean AL X4 and 6mm. On average,
subjects in the second decade had no
AL on about 70% of their sites and AL
X2mm on 30% of their sites, while
the oldest subjects had AL on over 90%
of their sites: on 30% of their sites
they had AL X6mm, on 30% AL of
4–6mm, and on 30% of sites AL of
2–4mm (Fig. 2). With increasing age,
the mean number of teeth decreased
linearly from 26.1 to 5.5 (Fig. 3).

For the four models, problems of
multicollinearity were observed for
income with age. Only age appears for
this reason. Furthermore, the estimators
for plaque and calculus are correlated.

Model A (chance for periodontal
health)

In model A, the periodontally healthy
subjects (no AL X4mm) constituted

the dependent variable; in this model we
searched for determinants that favored
periodontal health. An ORo1 implies
that a risk determinant exerted a
negative influence on AL and OR41
is protective against AL. The age of
periodontally healthy subjects (A
healthy) and the periodontally diseased
group (A diseased) lay at 30 and 52
years, respectively. The number of teeth
in A diseased was 21 and in A healthy
26. In A healthy, no AL X4mm was
present, and in A diseased 28% of sites
exhibited AL X4mm. The A healthy
group had better oral hygiene conditions
than the A diseased group (plaque: 20%
versus 37%, calculus 16% versus 31%).
A much smaller proportion of men
(39%) belonged to the A healthy group
than to the A diseased group (51%).
Smoking was somewhat more prevalent
in the A diseased group than in A
healthy group (Table 1).

Regression analysis. Men have a 0.7-
fold lower chance than females of
belonging to the healthy group. The
more plaque or calculus present, the
lower the chance is of belonging to the
healthy group; for both variables, there
is a significant dose–response relation-
ship. The more the subjects currently
smoked, the lower the chance they had
of belonging to the healthy group.
Subjects smoking X20 cigarettes a
day had a 0.57 lower chance of belong-
ing to the healthy group. Education,
former smoking, allergy or dental
checkup did not significantly influence
the chance of belonging to the healthy
group (Table 2).

Model B (risk for periodontal disease)

In model B, the periodontally diseased
subjects (AL X4mm on X51% of all
sites examined) constituted the depen-
dent variable. In this model, an ORo1
implies that a protective determinant
exerts a positive influence on perio-
dontal health and an OR41 denotes a
risk determinant for AL. The B diseased
group had a much higher age (61 years)
than the B healthy group (42 years). B
diseased had 13 teeth and B healthy 24
teeth. In B diseased, AL X4mm was
found in 80% of all sites, and in only
6% of sites in B healthy. The oral
hygiene conditions were better in B
healthy, with 29% plaque and 25%
calculus, than in B diseased with 50%
plaque and 41% calculus. Education
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was much better in B healthy than B
diseased. In B diseased, less than 10%
subjects attended school more than 10
years, where as in B healthy, 22% of all
subjects went to school for 12 years. In
the B diseased group, more subjects
were or had been moderate or heavy
smokers, 13% were heavy current and
former smokers, while in B healthy,
only 8% were heavy current and 9%
heavy former smokers (Table 1).

Regression analysis. Both parameters
of oral hygiene had an overall signifi-
cant destructive influence on perio-
dontal conditions. Only very high
plaque accumulation had a significant
OR of 2.3, where for calculus a
significant dose–response relationship
was found (OR, 1.3–2.8). Current smok-
ing exerted a detrimental effect on
periodontal health in relation to the
smoking dose (OR, 1.9–6.8). Former
smoking affected the periodontal status
irrespective of dose (OR, about 1.6). A

high level of schooling had a protective
effect on periodontal health (OR, 0.4)
(Table 2).

Model C (chance for periodontal
health and many teeth remaining)

To belong to the healthy group in model
C, subjects had to have o16% sites
with AL X4mm and X23 teeth (Fig.
1). In model C, we searched for
determinants, which favored retention
of periodontally healthy teeth. An
ORo1 denotes a risk determinant and
OR41 a chance to retain healthy teeth.
The age of the periodontally healthier
subjects (C healthy) were 35 years and
of more diseased subjects (C diseased)
55 years, respectively. C healthy had 26
teeth and C diseased 19 teeth. In C
healthy, AL of X4mm was found in
only 1% of all sites, and in C diseased in
39% of sites. C healthy subjects had
better oral hygiene conditions than the C
diseased group (plaque: 25% versus 40%,
calculus 20% versus 33%). Among C

healthy subjects, 28% had 12 years
of schooling in comparison with 13%
of the C diseased subjects. Heavy
regular and former smoking was more
prevalent in the C diseased than in the C
healthy group (prevalence of heavy
regular and heavy former smokers: about
12% versus 7%). Twenty-one percent
of the C healthy and 14% of C diseased
had an allergy, 13% of the C healthy
and 7% C diseased took antiallergic
drugs (Table 3). Forty-six percent
of C healthy versus 35% of the C
diseased subjects visited their dentists
regularly.

Regression analysis. The more plaque
present, the lower was the probability of
retaining more teeth in a periodontal
healthy condition (OR, 0.6–0.3). The
higher the education, the higher was the
chance to belong to the C healthy group
(OR, 1.8–3.2). The higher the daily
smoking dose of current smokers, the
lower was the chance of retaining

Table 1. Characteristics of risk determinants of model A and B as a median ( � inter-quartile range) or as a proportion

Model Model A Model B

healthy A
(first quartile)

diseased A (second,
third, fourth quartile)

diseased B
(fourth quartile)

healthy B(first, second,
third quartile)

Number of teeth 26.0 � 5.0 21.0 � 10.0 13.0 � 12.2 24.0 � 7.0
% AL X4mm 0 � 0 28.0 � 53.0 79.5 � 28.2 6.0 � 21.0
N 617 1978 630 1965
Age 30.1 � 14.0 52.1 � 21.2 61.4 � 16.8 41.5 � 23.0
% Male 39.4 50.9 58.3 44.9
Plaque 20.0 � 28.0 37.0 � 34.0 50.0 � 44.0 29.0 � 30.0
Calculus 16.0 � 29.0 31.0 � 38.0 41.0 � 45.0 25.0 � 31.5
Bleeding 20.0 � 27.0 37.0 � 46.0 55.0 � 49.2 25.0 � 33.0
Regular dental check up 42.8 38.2 30.7 42.1
Education (years)

8 11.5 39.0 60.6 23.5
10 62.2 44.6 30.3 54.8
12 26.3 16.3 9.0 21.8

Monthly income 1250 � 950 1250 � 875 1750 � 500 1250 � 950
Current smoker (cigarettes/day)

o10 16.0 7.6 6.5 10.6
10–19 13.6 11.6 9.5 12.9
X20 7.8 9.8 13.0 8.1

Former smoker (cigarettes/day)
o10 14.9 15.9 17.1 15.2
10–19 4.5 8.4 10.6 6.5
X20 6.5 10.9 12.9 8.9

Diabetes mellitus 1.0 7.7 13.0 3.9
Cardiovascular disease 0.8 4.2 7.0 2.3
Arthritis 5.2 8.1 9.2 6.8
Osteoporosis 1.5 4.6 6.7 3.0
Allergy without drug 21.1 15.3 10.8 18.5
Allergy drug 13.9 6.7 4.9 9.6
Asthma drug 2.3 2.7 3.5 2.3
Any drug 60.9 67.5 74.0 63.4

The reference group for model A is composed of subjects from the second, third and fourth quartiles. The reference group for model B is composed of

first, second, third quartiles.

AL, attachment loss.
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healthy teeth (OR, 0.6–0.3). Within the
former smoker category, only the heavy
smokers had a lower chance of belong-
ing to the healthy group. Antiallergic
drug intake (OR, 1.8) had a protective
effect on retaining periodontally healthy
teeth. Subjects who regularly visited
their dentist for preventive measures
had a 1.4 greater chance of retaining
more teeth healthy (Table 2).

Model D (risk for high AL and few
teeth remaining)

To belong to the diseased group in
model D, subjects had to have X16%
sites with AL X4mm and o23 teeth
(Fig. 1). In model D, we searched for
determinants, which are associated with
high AL and few retained teeth. In this
model, an ORo1 denotes a low risk of
just having a few teeth remaining and
OR41 a risk determinant of having
only a few teeth remaining and these
exhibit high AL.

The mean age of the D diseased
subjects and of the D healthy subjects
was 60 and 39 years, respectively, D

diseased had 15 teeth and D healthy 25
teeth. In D diseased subjects, AL
X4mm comprised 61% of all sites
and in D healthy 3% of sites. The D
diseased group had worse oral hygiene
conditions than the D healthy group
(plaque: 45% versus 29%, calculus 37%
versus 25%). The D healthy subjects
were much better educated than the D
diseased subjects (24% versus 10% with
12 years of schooling, respectively).
Among the D diseased subjects the
‘‘former’’ smoking category was more
prevalent than among D healthy sub-
jects (38% versus 29%). Seventeen
percent of the D diseased group and
30% of the D healthy group reported
having an allergy or took anti-allergy
medications. Thirty-three percent of the
D diseased and 43% of D healthy
subjects regularly visited their dentists
(Table 3).

Regression analysis. Males had a 0.7
lower risk of belonging to the D
diseased group than females. Plaque
accumulation exhibited a significant,

detrimental dose–response effect on
periodontal health (OR, 1.6–2.9). A
higher educational level lowered the
risk of belonging to D diseased (10
years of schooling, OR5 0.6; 12 years
of schooling, OR5 0.3). Current smo-
kers had a risk of up to 5.1-times higher
than non-smokers belonging to the D
diseased group. A similiar trend could
be detected in the former smoking
category: heavy former smokers had a
twofold higher risk than non-smokers
belonging to D diseased. Being allergic
(OR5 0.5) or taking allergy medica-
tions (OR5 0.8) lowered the risk of
being among the D diseased subjects.
Regular dental checkups also lowered
the risk of having only a few teeth and
these in bad periodontal condition
(Table 2).

Discussion

General consideration

The validity and reliability of variables
are important issues for each study. The
� 1-mm agreement of replicate AL mea-

Table 2. ORs and CIs for models A, B, C and D

AL AL and teeth

Model A Model B Model C Model D
Little AL High AL Little AL and many teeth High AL and few teeth

p OR (95%-CI)n p OR (95%-CI)n p OR (95%-CI)n p OR (95%-CI)n

Sex (ref: female) 0.006 0.70 (0.55–0.90) 0.468 1.10 (0.85–1.42) 0.064 1.25 (0.99–1.58) 0.013 0.73 (0.58–0.94)
Plaque (ref: little) o0.001 o0.001 o0.001 o0.001

minor o0.041 0.72 (0.53–0.99) 0.272 0.81 (0.56–1.18) 0.005 0.64 (0.47–0.87) 0.009 1.56 (1.12–2.17)
moderate 0.001 0.54 (0.38–0.77) 0.409 1.16 (0.81–1.67) o0.001 0.46 (0.33–0.65) o0.001 2.07 (1.46–2.92)
much o0.001 0.34 (0.21–0.55) o0.001 2.28 (1.60–3.25) o0.001 0.28 (0.18–0.44) o0.001 2.87 (1.99–4.16)

Calculus (ref: little) 0.002 o0.001 0.327 0.08
minor 0.020 0.69 (0.51–0.94) 0.112 1.33 (0.94–1.88) 0.789 0.96 (0.70–1.31) 0.607 0.92 (0.66–1.27)
moderate 0.023 0.66 (0.46–0.94) 0.005 1.68 (1.17–2.41) 0.862 0.97 (0.68–1.37) 0.391 0.86 (0.61–1.22)
much o0.001 0.41 (0.26–0.66) o0.001 2.83 (2.00–4.00) 0.117 0.72 (0.48–1.09) 0.059 1.42 (0.99–2.04)

Education (ref: 8 years) 0.552 o0.001 o0.001 o0.001
10 0.550 1.12 (0.78–1.60) 0.110 0.81 (0.62–1.05) o0.001 1.82 (1.33–2.48) o0.001 0.62 (0.48–0.80)
12 0.287 1.25 (0.83–1.87) o0.001 0.44 (0.31–0.63) o0.001 3.23 (2.27–4.59) o0.001 0.34 (0.25–0.48)

Smoking (ref: no.) 0.016 o0.001 o0.001 o0.001
Current (cigarettes/day)

o10 0.573 1.12 (0.76–1.63) 0.009 1.86 (1.17–2.96) 0.016 0.62 (0.42–0.91) o0.001 2.17 (1.41–3.32)
10–19 0.009 0.61 (0.42–0.88) o0.001 2.46 (1.62–3.76) o0.001 0.45 (0.31–0.65) o0.001 2.52 (1.70–3.71)
X20 0.013 0.57 (0.36–0.89) o0.001 6.82 (4.34–10.71) o0.001 0.28 (0.19–0.43) o0.001 5.07 (3.30–7.79)

Former (cigarettes/day)
o10 0.312 0.83 (0.58–1.19) 0.003 1.67 (1.19–2.35) 0.080 0.74 (0.53–1.04) 0.143 1.28 (0.92–1.79)
10–19 0.333 0.76 (0.45–1.32) 0.052 1.51 (1.00–2.28) 0.658 0.90 (0.58–1.42) 0.007 1.78 (1.17–2–70)
X20 0.468 1.19 (0.75–1.88) 0.035 1.54 (1.03–2.29) 0.044 0.65 (0.43–0.99) o0.001 2.02 (1.37–2.98)

Allergy (ref: no.) 0.076 0.484 0.004 0.019
without drug 0.744 1.05 (0.78–1.42) 0.310 0.84 (0.60–1.17) 0.084 1.28 (0.97–1.71) 0.273 0.84 (0.62–1.14)
drug 0.023 1.54 (1.06–2.23) 0.455 0.83 (0.51–1.35) 0.002 1.84 (1.26–2.70) 0.007 0.54 (0.34–0.84)

Dental check (ref: no.) 0.453 0.91 (0.72–1.16) 0.082 0.82 (0.65–1.03) 0.003 1.40 (1.12–1.75) 0.032 0.79 (0.63–0.98)
Intercept o0.001 7.06 o0.001 0.001 o0.001 9.32 o0.001 0.006
Nagelkerke R2 0.47 0.43 0.55 0.52

nAdjusted by age (ref: 20–29 years, 10 years age groups).

ORs, odds ratios; CI, confidence interval; AL, attachment loss; ref, reference.
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surement differences varied between
83% and 95%, and the difference of
the standard deviation between 0.9 and
1.2mm. The intra-individual intra-class
correlation coefficients were between
0.8 and 0.92 (Hensel et al. 2003). The
ICC over all examiners was 0.85. These
data are comparable with those of
Osborn et al. (1990, 1992) and Bader-
sten et al. (1984). Information on
smoking, dental-appointment atten-
dance, and socioeconomic factors was
obtained with a questionnaire and an
interview. The proportion of smokers
(32%) is comparable with data from the
Social Ministry of the Federal State
of Mecklenburg-Vorpommern (29%,
Sozialministerium Mecklenburg-Vor-
pommern 2001). Although it is concei-
vable that subjects who provide answers
in the context of a dental/general health
survey may tend to exaggerate, their
dental attendance level or frequency of
daily tooth brushing were similar to
another representative dental health
study in Germany (IDZ 1996).

Periodontal treatment has not been
widely performed in this part of Ger-
many. Up to the German unification in
1990, periodontal treatment and effec-
tive maintenance was hampered by the
lack of adequate professional and oral
home-care supplies. It is evident that
this population is periodontally nearly
untreated. For this geographical region,
Splieth et al. (2002) have shown that a
considerable proportion of teeth had
been extracted before periodontitis
made it necessary.

Data analysis

Establishment of a definition of a
periodontal case is arbitrary (Baelum
& Lopez 2003). Various cut-off points
to define a periodontal case based on
AL, bone loss, or pocket depth had been
suggested, but none are universally
agreed upon. To circumvent this pro-
blem, a statistical definition of disease
was chosen and quartiles were used for

thresholding (Fletcher et al. 1996).
Furthermore, investigators usually look
for factors that make people ill; in this
study, we also included the reverse
question of what keeps subjects perio-
dontally healthy. For all models, we
found nearly identical results, i.e., the
ORs were reversed. Thus, there exist no
variables that are only connected with
health or with disease. The variable
‘‘gender’’ was the only one that
appeared contradictory in the reverse
analyses: Females had a higher chance
of belonging to the periodontally heal-
thier group, and at the same time, they
had a higher risk of having fewer teeth
than males. For further discussion of
this point, see below.

The comparison of the results from
the analysis with the combined vari-
ables (tooth loss plus periodontal dis-
ease status (models C and D)) versus
periodontal disease status (models A
and B) showed that the independent
variables education and plaque had
higher ORs for models C and D than

Table 3. Characteristics of risk determinants of model C and D as a median ( � inter quartile range) or as a proportion

Model Model C Model D

Diseased Healthy Healthy Diseased
(High AL or few teeth) (Little AL and many teeth) (Little AL or many teeth) (High AL and few teeth)

Number of teeth 19.0 � 10.0 26.0 � 3.0 25.0 � 4.0 15.0 � 10.0
% AL X4mm 39.0 � 53.0 1.0 � 5.0 3.0 � 12.0 61.0 � 48.8
N 1615 980 1655 940
Age 55.3 � 20.0 34.9 � 15.4 38.8 � 20.2 60.0 � 17.1
% male 50.2 44.7 45.9 52.0
Plaque 40.0 � 31.0 25.0 � 25.0 29.0 � 29.0 45.0 � 41.0
Calculus 33.0 � 39.0 20.0 � 25.0 25.0 � 33.0 37.0 � 40.8
Bleeding 41.0 � 45.0 20.0 � 29.0 25.0 � 35.0 45.0 � 50.0
Regular dental check up 35.3 45.9 43.0 32.9
Education (years)

8 46.1 10.0 18.1 57.9
10 40.9 61.9 58.3 32.1
12 13.0 28.1 23.6 10.0

Monthly income 1250 � 875 1250 � 950 1250 � 950 1750 � 500
Current smoker (cigarettes/day)

o10 7.6 13.1 11.2 6.9
10–19 11.0 13.9 13.5 9.6
X20 10.3 7.6 8.6 10.4

Former smoker (cigarettes/day)
o10 15.8 15.5 15.7 15.6
10–19 8.4 6.0 6.0 10.1
X20 11.7 6.7 8.0 13.1

Diabetes mellitus 8.9 1.5 2.7 12.0
Cardiovascular disease 4.9 1.0 1.6 6.6
Arthritis 8.8 5.1 6.4 9.1
Osteoporosis 5.3 1.4 2.2 6.7
Allergy without drug 13.9 21.1 19.1 12.3
Allergy drug 5.8 12.9 10.6 4.6
Asthma drug 2.7 2.4 2.1 3.4
Any drug 70.5 58.5 61.2 74.3

The reference group of model C is composed of subjects from sections 1–3 in Fig. 1. The reference group for the model D is composed of subjects from

sections 2–4.

AL, attachment loss.
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for models A and B. Furthermore, the
variables calculus and dental checkup
were not significant in periodontal
disease models (A and B), but were
significant in combination models (C
and D). This may be interpreted to mean
that the dentist–patient interaction –
which is strongly influenced by socio-
economic factors – has a greater influ-
ence on preserving or extracting a tooth
than these factors exert on the actual
periodontal disease status. For example,
in subjects with less education and bad
oral hygiene (much plaque), dentists
may be more willing to extract teeth
than in better-educated subjects with
better oral hygiene habits. Another
interpretation of these data may be
that less-educated subjects are not as
interested in retaining teeth, or their
financial resources are not as great
as those of more highly educated
subjects. The variable dental checkup
also seems to reflect the dentist–patient
interaction rather than treatment needs.
Although regular dental checkup does
not prevent the initation or progression
of periodontal disease, regular dental
attendance strongly influences the den-
tist’s treatment decision to extract or not
to extract a tooth. A regular attender has
a better chance of retaining his or her
teeth than an erratic attender to a
German dental office. With a different
analytical approach, Weihrauch (2003)
searched for predictors of tooth loss
using the same data (subgroupo55
years old). She found the same pre-
dictors (education, income, smoking,
plaque control) and the interactions
gender/marital status and gender/educa-
tion/income.

Risk factors

Beck (1998) classified putative risk
factors for periodontal disease into six
classes: sociodemographic factors (age,
gender, income, education, etc.), psy-
chological or environmental factors
(dental awareness, social support, etc.),
physical and medical factors (systemic
diseases, drugs, etc.), behavioral factors
(smoking, tooth brushing, etc.), oral
factors (subgingival microbiota, saliva,
etc.), and host defense factors. Except
for oral and host factors, some of the
other putative risk factors were incor-
porated into our multivariate models. In
our models, we included 19 variables,
but only eight turned out to be statis-
cally significant.

Plaque and calculus

Our models (A and B) confirm plaque
and calculus as risk determinants for
periodontitis. This is in accordance with
a number of reports (Ismail et al. 1986,
Grossi et al. 1995, Corbet et al. 2001). It
is established that mass of supragingival
plaque is causative for gingivitis; how-
ever, its association with periodontitis is
controversial. Baelum et al. (1988,
1996) showed a widespread variation
of periodontal disease in Tanzanian and
Chinese poulations, irrespective of
supragingival plaque accumulation.
However, the long-term intervention
study by Axelsson et al. (1991) showed
that patients with little supragingival
plaque had very little detectable perio-
dontal disease after 15 years of contin-
uous supportive treatment. Supragingival
plaque may provide a favorable environ-
ment for colonization with specific
subgingival pathogens (Ximenez-Fyvie
et al. 2000). Calculus and its relationship
to periodontitis is complex. Since they
coexist, it is difficult to prove that
calculus per se is a risk determinant for
periodontitis. It is probably a deposit that
forms during the initiation of periodontal
disease (Beck 1988).

Education

Oliver et al. (1991) showed that the
strongest difference among socio-
economic variables was education. This
observation agrees with our results. A
high educational level is protective
against periodontitis and tooth extrac-
tion in models B–D; it decreases the risk
of suffering from periodontitis or from
periodontitis and tooth loss by about
300%. The relationship between a low
level of education and an increased risk
of periodontitis has also been reported
by other authors (Beck et al. 1990,
Locker & Leake 1993, Dolan et al.
1997, Treasure et al. 2001). The more
highly educated subjects are usually
more interested in oral hygiene, have
better access to medical care, and are
able to afford dental care. Although in
Germany, dental treatment has been
covered to a large extent by medical
insurance companies, the present health
policy did not succeed in evening out
these socioeconomic differences. Even
more astonishing is the fact that the
former East German state, which
negated the influence of socioeconomic
status and which wanted to eradicate
social imbalance, did not succeed in

providing the same access to care for
everyone, irrespective of education.
Nearly all SHIP subjects were brought
up in East Germany, and their oral
health status reflects the history of
dental care of the former East German
state to a certain degree.

Smoking

We confirmed that at the present time,
smoking is the major risk determinant
for periodontal disease. Former heavy
smokers (models B and D: OR, 1.6 and
2.0) had a lower risk of disease than
current heavy smokers had (OR, 6.8/
5.1). We found a direct and linear dose–
response between smoking quantity and
destructive periodontal disease, as
already described by Grossi et al.
(1995) and Tomar & Asma (2000).
Longitudinal studies have confirmed
that smokers exhibited greater disease
progression than did non-smokers, as
well as more tooth loss (Holm 1994,
Machtei et al. 1999, König et al. 2002).
Based on NHANES III data, Tomar &
Asma (2000) found ca. 75% of the
identified cases of periodontitis to be in
smokers. The mechanisms by which
cigarette smoking affects the perio-
dontium are quite diverse. There may
be an interaction between genetic back-
ground factors and smoking (Meisel
et al. 2002, 2003). Furthermore, direct
effects may cause a constriction of the
gingival blood vessels and have deleter-
ious effects on leukocyte and IgG2
function (Zambon et al. 1996).

Gender

The gender findings are not easy to
understand: males have a 0.7 times
lower chance of being among the
periodontally healthy subjects than do
females (model A). This agrees with
many other reports (Miller et al. 1987,
Horning et al. 1992, Douglass et al.
1993, Grossi et al. 1994, 1995, Dolan
et al. 1997). At the same time (model D),
males had a 0.7 times lower risk than
females of belonging to group D with
fewer teeth. Further analysis of our data
confirmed that males had more perio-
dontal disease but retained more teeth
than females (analysis not shown here).
To reconcile these contradictory obser-
vations, the following explanations are
offered: a biological explanation may be
that males (an observation which is
valid across most mammal taxa) are
more susceptible to infection by para-
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sites and microbes (Moore & Wilson
2002). Another reason for the beneficial
effect bestowed by belonging to the
female gender may be a protective
estrogen level (Owens 2002). A third
reason may be that more men have risky
lifestyle behaviors than females (smok-
ing, worse oral hygiene, lower health
awareness). That males have more teeth
than females may be based on socio-
economic factors or on dentist–patient
interrelation. Further detailed examina-
tions of our data on this topic still have
to be performed.

Allergy

In models C and D, allergy medications
are protective against periodontitis (OR,
1.8/0.5). The protective influence of
suffering from allergy/taking allergy
medications was first described by
Grossi et al. (1994). They suspected
that allergy medications modulate the
immune response of the host to perio-
dontal pathogens.

Conclusion

The present study explored the relative
importance of risk determinants for the
periodontal disease or health status in
four multivariate models to provide the
best prediction of risk. Irrespective of
the chosen model, we ascertained age,
education, supragingival plaque, and
smoking as risk determinants. Smoking
was the most important risk determi-
nant. About 43–55% of the variation
could be explained with our models.
Our findings are in agreement with the
conclusion of Baelum (1998), who
showed in an extensive review that for
the factors age, low income, smoking,
Porphyromonas gingivalis and Prevo-
tella intermedia, that circumstantial
evidence for a causal role is present.
To develop better prediction models, it
will be necessary to include more micro-
biological, host–response, and genetic
data in future studies.
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