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Inverse association between periodontitis and respiratory allergies
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Background Periodontitis is an infection with systemic effects and a high prevalence among
adults. In the aetiology of allergic diseases the hygiene hypothesis claims that infections in
early infancy may protect against allergic diseases.

Objective The aim of the present analyses was to investigate the independent relation between
periodontitis and respiratory allergies such as hayfever, house dust mite (HDM) allergy and
asthma.

Methods From the Study of Health in Pomerania (SHIP) a total number of 2837 subjects aged
20 to 59 years were included in the analysis. In our study population 326, 111 and 114 subjects
were classified as suffering from hayfever, HDM allergy or asthma, respectively. The
attachment loss (AL) were measured. Periodontitis was defined according to the percentage of
surfaces which exceeded 3 mm AL [healthy: 0-7.7%, mild: 7.8-28.6%, moderate: 28.7-63.9%,
severe: > 63.9%]. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using
logistic regression.

Results After adjustment for confounding factors these analyses revealed inverse associations
between periodontitis and hayfever as well as periodontitis and HDM allergy. For increasing
AL, a trend of decreasing risk could be observed for hayfever (healthy: reference; mild AL: OR
0.87 [95%-CI 0.6-1.2]; moderate AL: OR 0.80 [95% CI 0.6-1.2]; server AL: OR 0.53 [959% CI
0.3-0.9]; Pirenq = 0.01) and for HDM allergy (healthy: reference; mild AL: OR 0.80 [95% CI
0.5-1.3]; moderate AL: OR 0.64 [95% CI 0.3-1.2]; server AL: OR 0.39 [95% CI 0.2-0.9];

Pieng = 0.02). Furthermore, for asthma were observed a slightly inverse association in the full-
adjusted model (healthy: reference; mild AL: OR 1.10 [95% CI 0.6-2.0]; moderate AL: OR 0.96
[9500 CI 0.5-1.8]; server AL: OR 0.48 [95% CI 0.2-1.0]; Piyenq = 0.11).

Conclusion There is an inverse association between periodontitis and respiratory allergies. Our
results might support the hygiene hypothesis.

Correspondence:

Nele Friedrich, Department of
Epidemiology and Social Medicine,
Ernst Moritz Arndt University, Walther-
Rathenau-Str. 48, D-17487 Greifswald,
Germany.

E-mail: nele.friedrich@
uni-greifswald.de

Keywords asthma, atopy, hayfever, house dust mite allergy, hygiene hypothesis, periodontitis,
Study of Health in Pomerania
Submitted 14 June 2005; revised 6 December 2005; accepted 10 January 2006

exhibit different patterns of cytokine production and

Introduction different functions. Th2-derived cytokines inhibit the

In recent decades an increase in the prevalence of allergic
diseases has been observed in developed countries [1]. In
1989 Strachan [2] found a relation between hayfever and
family size and postulated the ‘hygiene hypothesis’, which
suggests that infections in early infancy may have protec-
tive effects against the development of allergies. In the
1990s it was expressed in immunological terms [3, 4]. A
potential explanation provides the T-helper type 1(Th1)/
Th2 paradigm [5, 6]. The two helper subsets Th1 and Th2

development of Th1 cells and vice versa. Allergic diseases
are Th2-mediated and characterized by the release of IgE,
whereas bacterial and viral infections are more likely to be
Th1 mediated. Thus, the infection-induced Th1 cell-spe-
cific cytokine inhibits the development of allergen-speci-
fic Th2 cells. Although this biological background
explains the association between infections and allergies
to some extent, this topic is still controversially discussed.
Some studies supported the hygiene hypothesis [7, 8] and



2 N. Friedrich et a/

inverse associations between Thl-mediated infections
such as tuberculosis, measles and hepatitis A and allergic
diseases were demonstrated [9-11]. Likewise, a possible
protective effect of infections by helminths against aller-
gies was found [12, 13]. Other studies found no associa-
tions between common childhood infections such as
mumps, varicella or rubella and allergies [14-16].

Periodontitis is a local oral infection with systemic
effects [17, 18] and a high prevalence among adults. The
pathway for adult periodontitis is assumed to start with
the colonization of the oral cavity with periodontitis
inducing Gram-negative, anaerobic microorganisms in
childhood [19]. Studies performed in children analysed
plaque from the gingival crevice, tooth surface and the
dorsum of the tongue and revealed that a sizeable propor-
tion of subjects harboured periopathogenic anaerobes
despite the absence of overt gingival inflammation [20,
21]. Thus it seems reasonable to assume that within the
framework of the hygiene hypothesis the colonization of
these microorganisms elicits a systemic reaction that
protects against the development of allergic diseases. We
hypothesize that inverse associations of periodontitis with
hayfever, house dust mite (HDM) allergy and asthma in
adulthood reflect this effect. Therefore, we analysed the
associations between periodontitis and these three re-
spiratory allergies.

Material and methods

Study population

The Study of Health in Pomerania (SHIP) is a cross-
sectional epidemiological survey of the adult population
that was conducted in the northeast of Germany [22].
From the entire population of 212157 inhabitants living
in the area a sample was selected from the population
registration offices, where all German inhabitants are
registered. A two-stage cluster sampling method was
adopted from the WHO MONICA Project Augsburg, Ger-
many [23]. A representative sample of 7008 men and
women, aged 20-79 years and 292 individuals of each
gender in each of the twelve 5-year age strata, was drawn.
Data collection started in October 1997 and was finished
in May 2001. A total of 4310 individuals (68.8% of eligible
subjects) participated in this study. All participants were
investigated in one of two health examination centres
established for the purpose of the study. Furthermore, all
participants gave written informed consent. The study
conformed to the principles of the Declaration of Helsinki
as reflected by an a priori approval of the Ethics Commit-
tee of the University of Greifswald.

All data were weighted to adjust for non-response and
to the age-gender distribution of the regional adult
population. The regional comparative data were collected
from the statistical state office of West Pomerania.

Of the 4310 participants, 1406 individuals who were 60
years and older were excluded from the analyses because
of the low number of teeth. Furthermore, 52 edentulous
persons and 15 persons who had no oral examination
were also excluded. Altogether the final study population
comprised 2837 subjects who were available for the
present analyses.

Measurements

Trained dentists assessed the dental status. The number
of teeth was categorized into three levels (<10 teeth,
10-20 teeth, > 20 teeth). Periodontitis was measured
by cumulative attachment loss, which represents the
distance from the cemento enamal junction to the bottom
of the periodontal pocket. The measurements were per-
formed on a maximum of 14 teeth at four surfaces:
mesiobuccal, distobuccal, midbuccal and midlingual and
made randomly in whole millimetres, either on the left
or right quadrant in subjects. For each subject, the
percentage of surfaces which exceeded 3 mm attachment
loss was determined. Subjects were categorized into
four groups according to the quartiles of distribution
(healthy periodontal conditions: 0-7.7%, low: 7.8-
28.6%, moderate: 28.7-63.9%, severe: >63.9% attach-
ment loss >3 mm).

A computer-aided personal interview was used to gain
information on medical history, behavioural and socio-
demographic characteristics. Hayfever and HDM allergy
were defined according to self-reported answers to the
following two questions: ‘Do you have any allergy?’ and
‘Which allergies of the following list, do you have?’
Asthma was assessed by the following three key ques-
tions: (1) ‘Have you had wheezing or whistling in the chest
during the past 12 months?’, (2) ‘Have you had this
wheezing or whistling when you didn’t have a cold?’ and
(3) ‘Do you take any anti-asthmatic medication at present,
e.g. tablets, spray or inhalations?” Asthma was defined as
a positive response to either questions (1) and (2) or to
question (3) alone. Chronic bronchitis was defined as
productive cough at least consecutive 3 months during
the past 12 months. Subjects with chronic bronchitis were
classified as non-asthmatics. The school education level
was categorized into three levels (low (<10 years), med-
ium (10 years), high (> 10 years), categories based on the
Eastern German three level school system). The smoking
status was assessed by information about quality and
quantity of smoking in the present and the past, and
was categorized into current, former and never-smokers.
Two categories for alcohol consumption were defined
by using the consumed amount alcohol in gram per day
[low (women: <20 g/day, men: <30 g/day), high (women
>20¢g/day, men >30 g/day)]. Diabetes mellitus was de-
fined as self-reported physician diagnosis of diabetes or
serum haemoglobin Alc (HbA1lc) >79%.
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Statistical analysis

The study population was divided into four groups with
respect to the presence or absence of hayfever, HDM
allergy or asthma. Continuous data are expressed as mean
and standard error. Nominal data are expressed as percen-
tage. For bivariate analyses, the y2-test (nominal data) or
Mann-Whitney-U-test (continuous data) was used to
compare subjects with respiratory allergies and subjects
without allergic diseases. Multivariable logistic regression
models were performed to assess the independent associa-
tions between periodontitis and respiratory allergies. The
models were adjusted for age, gender, school education,
smoking, alcohol consumption, family history for aller-
gies or asthma and number of teeth. Odds ratios (OR) with
95% confidence intervals (CIs) were calculated. Further
tests for trend in risk with attachment loss were calculated
by fitting this variable as continuous covariate in logistic
regression. A value of P<0.05 was considered statistically
significant. Statistical analyses were performed with SAS
9.1 (SAS Institute Inc., Cary, NC, USA).

Results

Overall, respiratory allergies were present in 15.4%
(n=438) of the participants. The prevalence proportions
for HDM allergy, hayfever and asthma were 3.9%, 11.5%,
and 4.0%, respectively. Among the subjects with HDM
allergy, 72.0% (n=81) had also hayfever or asthma.
Furthermore, 34.3% (n =39) of the asthmatic subjects and
29.5% (n=98) of the subjects with hayfever had at least
one of the other diseases. Twelve individuals stated that
they had all of the three diseases.

Subjects with hayfever, HDM allergy or asthma were
compared with subjects without any of these allergies
with respect to general characteristics (Table 1). Indivi-
duals with hayfever or HDM allergy were more likely to be
younger, higher educated, had fewer siblings and reported
to consume fewer cigarettes than individuals without
these allergies. Asthmatic persons consumed more cigar-
ettes and alcohol compared with healthy subjects. The
frequency of a positive family history of allergies and
asthma was higher among subjects with respiratory

Table 1. Selected characteristics among subjects with and without respiratory allergies

Subjects with

Subjects without House dust

Characteristics respiratory allergies Hayfever mite allergy Asthma
Number of individuals 2399 326 111 114
Female (%) 48.6 48.6 55.9 44.2
Age (years) 39.6 (0.2) 35.2 (0.6)* 34.5 (1.0)* 37.9 (1.0)
School education (%)

<10 years 20.5 13.0 13.9 24.7

10 years 61.4 60.9 60.7 56.0

>10 years 18.1 26.1% 25.4 19.3
Smoking (%)

Never-smoker 30.5 38.7 39.1 18.2

Ex-smoker 28.0 32.2 27.1 29.3

Current smoker 41,5 29.2% 33.8 52.5%
Pack-years 8.2 (0.3) 4.3 (0.5)* 3.2 (0.6)* 10.1 (1.2)*
Alcohol consumption (%)

Low 82.2 79.6 83.7 72.8

High 17.8 20.4 16.3 27.2%
Diabetes mellitus (%) 3.6 2.0 4.2 4.5
Number of siblings (%)

0 11.9 16.3 15.4 9.9

1 33.9 40.2 33.2 33.4

2 22.9 22.2 30.0 22.4

=3 31.3 21.3* 21.5 34.3
Positive family history for allergies or asthma (9%) 13.7 27.0" 32.3* 26.1%
Number of teeth (%)

>10 5.9 2.0 2.7 8.3

10-20 16.5 10.9 14.2 13.3

>20 77.7 87.2* 83.1 78.5
Attachment loss >3 mm (% of sites) 37.2 (0.7) 24.3 (1.5)* 21.6 (2.6)* 32.7 (3.0)

Percentages and mean are weighted for non-response and were post-stratified. Continuous data are given as mean (standard error); nominal data are
given as percentages. y>-test (nominal data) or Mann-Whitney test (interval data).
*Differences between control group and allergy groups are statistical significant (P<0.05).
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Table 2. Dental care behaviour among subjects with and without
respiratory allergies

Table 3. The periodontitis related risk of hay fever, house dust mite
(HDM) allergy and asthma

Subjects Subjects with

without

respiratory House dust
Characteristics allergies Hayfever mite allergy Asthma

Frequency of brushing one’s teeth (%)

>3 per diem 6.8 7.5 11.3 7.5
Twice daily 76.8 80.9 79.5 71.9
Once daily 14.6 11.0 9.2 17.5
Less frequent 1.8 0.6 0 3.1
Visit to the dentist in the last 12 months (%)
0 11.8 9.9 10.5 13.0
1 20.7 17.2 17.1 19.5
2 32.8 33.3 30.7 33.2
3 11.7 12.9 13.0 10.3
>3 22.8 26.8 28.8 24.0
Dental care devices other than toothbrush
Dental floss (%) 19.4 24.9% 27.4* 18.5
Toothpicks (%) 16.6 17.2 17.6 20.5
Interdental brush (%) 5.7 7.8 12.2* 6.1

Percentages are weighted for non-response and were post-stratified.
*y?-test: differences between control group and allergy groups are
statistical significant (P<0.05)

allergies than among subjects without allergies. With
respect to dental factors, subjects with hayfever or HDM
allergy had less attachment loss. In asthmatic persons the
extent of attachment loss was comparable with subjects
having no respiratory allergies. We found no differences
with respect to dental care behaviour such as frequency of
brushing teeth or utilization of dental services between
subjects with and without respiratory allergies, with two
exceptions: individuals with hayfever as well as indivi-
duals with HDM allergy used more often dental floss or an
interdental brush compared with subjects without these
allergies (Table 2).

Three multivariable analyses were performed to test the
independent associations between attachment loss and
each respiratory allergy separately (Table 3). These ana-
lyses revealed that the extent of attachment loss was
inversely associated with the risk of hayfever as well as
HDM allergy. These inverse associations were consistent
after adjustment for sex, age, school education, smoking
status, alcohol consumption, family history of allergies or
asthma and number of teeth. Similar to the crude ana-
lyses, individuals with severe periodontal conditions had
again the lowest risk of hayfever (Penq=0.01) or HDM
allergy (Pyeng=0.02). The results for asthma showed a
slightly inverse association in the full-adjusted model, but
this association was not consistent over all analyses. The
difference between individuals with no periodontitis and
severe attachment loss bordered statistical significance
(P=0.07).

OR (95% CI)°

Effect® Hayfever HDM allergy Asthma
Unadjusted
Attachment loss > 3 mm (ref: healthy)
Mild 0.73 (0.5-1.0)* 0.62 (0.4-1.0)* 1.07 (0.6-1.8)
Moderate 0.57 (0.4-0.8)* 0.42 (0.2-0.7)* 0.94 (0.6-1.6)
Severe 0.30 (0.2-0.4)* 0.23 (0.1-0.5)* 0.61 (0.3-1.1)
Pirena < 0.0001 Pirend < 0.0001 Pena=0.16
Adjusted for sex and age
Attachment loss > 3 mm (ref: healthy)
Mild 0.82 (0.6-1.1) 0.76 (0.5-1.3) 1.12 (0.7-1.9)
Moderate 0.73 (0.5-1.0) 0.61 (0.3-1.1) 1.04 (0.6-1.9)
Severe 0.44 (0.3-0.7)* 0.39 (0.2-0.9)* 0.73 (0.4-1.5)
Prena = 0.0001 Pirend =0.01 Pirena=0.58
Adjusted for the full model*
Attachment loss > 3 mm (ref: healthy)
Mild 0.87 (0.6-1.2) 0.80 (0.5-1.3) 1.10 (0.6-2.0)
Moderate 0.80 (0.6-1.2) 0.64 (0.3-1.2) 0.96 (0.5-1.8)
Severe 0.53 (0.3-0.9)* 0.39 (0.2-0.9)* 0.48 (0.2-1.0)
Pirena =0.01 Pirena =0.02 Pirena=0.11

*statistical significant (P<0.05)

flogistic regression analyses.

Full model include sex, age, school education, smoking status, alcohol
consumption, family history for allergies or asthma and number of teeth.
SPeriodontal status was formed by dividing participants into four groups
according to the attachment loss >3 mm: low, 0-7.7%; mild, 7.7-28.6%;
moderate, 28.6-63.9%; severe, >63.9% attachment loss >3 mm.

OR, odds ratio; CI, confidence interval.

Our analyses revealed three other variables, which were
independently associated with hayfever, HDM allergy or
asthma (Table 4). There was an increased risk of allergies
in subjects with a positive family history of allergies or
asthma. Moreover, the risk of asthma was increased in
current and former smokers and in subjects with alcohol
consumption.

Sensitivity analyses were run by using the self-reported
physician diagnoses from allergy tests of hayfever or
HDM allergy as alternative dependent variables. These
analyses did not affect the main results of an inverse
association between periodontitis and allergies. Further-
more, an additional analysis was run by using a new
combined variable according to the presence of at least
one of the three respiratory allergies as an endpoint.
Besides this, analyses were run by using different categor-
izations of attachment loss as well as a combined variable
of number of teeth (three categories) and attachment loss
>3 mm (four categories). Moreover, we tested further
potential confounding factors like diabetes mellitus, den-
tal hygiene parameters and the number of siblings in the
models. All these analyses confirmed the main result of an
inverse association between periodontitis and the three
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Table 4. Further independent risk factors for hay fever, house dust mite
(HDM) allergy and asthma

OR (95% CI)°

Effect Hayfever HDM allergy ~ Asthma
Sex (ref: men) 1.00 (0.8-1.3) 1.19 (0.8-1.8) 1.01 (0.7-1.6)
Age (ref: 20-29 years)
30-39 0.96 (0.7-1.3)  0.88 (0.5-1.5) 1.18 (0.7-2.1)
40-49 0.58 (0.4-0.9)* 0.40 (0.2-0.8)* 0.80 (0.4-1.6)
50-59 0.39 (0.2-0.7)* 0.41 (0.2-0.9)* 0.83 (0.4-1.9)
School Education (ref: low)
Medium 0.91 (0.6-1.3) 0.88 (0.5-1.6) 0.57 (0.3—10)"<
High 1.14 (0.7-1.8)  1.06 (0.6-2.1)  0.72 (0.4-1.4)
Smoking (ref: never-smokers)
Former 0.98 (0.7-1.3) 0.87 (0.5-1.4) 1.94 (1.1—35)"<
Current 0.54 (0.4-0.7)* 0.64 (0.4-1.0) 2.20(1.2-3.9)*
Alcohol consumption 1.30 (0.9-1.8)  1.14 (0.7-2.0)  1.66 (1.0-2.7)*
(ref: low)
Family history for 2.07 (1.6-2.8)* 2.59 (1.7-4.0)* 2.24 (1.4-3.5)*
allergy/asthma

(ref: negative)

Number of teeth (ref: >20)
<10 0.78 (0.3-2.0)
10-20 1.06 (0.7-1.6)

1.44 (0.4-6.2)
1.69 (0.9-3.3)

1.83 (0.6-5.3)
1.11 (0.6-2.1)

*statistical significant (P<0.05).

logistic regression analyses, adjusted for the full model: sex, age, school
education, smoking status, alcohol consumption, family history for
allergies or asthma, number of teeth and attachment loss.

OR, odds ratio; CI, confidence interval.

respiratory allergies. Further analyses were run for all
subjects aged 20-79 years. Also these analyses confirmed
the main results of an inverse association between period-
ontitis and hayfever (Pyenq=0.004), HDM allergy
(Pireng = 0.03) as well as asthma (P epq = 0.04).

Discussion

Our analysis revealed inverse associations between peri-
odontitis and hayfever as well as periodontitis and HDM
allergy in a population-based sample of 2837 subjects.
The risk of hayfever or HDM allergy decreased with
increased attachment loss. These results persisted after
adjustment for confounding factors and over a number of
sensitivity analyses. To the best of our knowledge we are
the first to investigate such an association.

Periodontitis is an infection caused by Gram-negative,
anaerobic bacteria. Periodontopathic bacteria were al-
ready detected in saliva and dental plaque of children
aged 1-15 years [19]. An early infection with these
bacteria may elicit an immune response [24], and thus
promotive conditions for the onset of periodontal diseases
already emerge in childhood. In the aetiology of period-
ontal disease the involvement of T cell subsets is equivocal
[25]. One aetiology model suggests that periodontitis is

© 2006 The Authors

Th2 mediated. The outcome of this is the activation of B
cells and the production of IL-1, which probably mediates
tissue destruction. A second model suggests that Th1 cells
and IFN-y mediate the infection. IFN-y stimulates macro-
phages and monocytes to produce pro-inflammatory
cytokines which cause the destruction of tissue [25]. A
number of studies with conflicting results have been
published. The finding of a decreased IFN-y and IL-2
mRNA expression in peripheral blood cells in patients
with periodontitis [26], an association between IL-4 gene
polymorphisms and early-onset periodontitis [27] as well
as a decreased number of mast cells in chronic period-
ontitis tissue [28] implicated a predominance of Th2 cells
in periodontitis. On the other hand, other studies reported
an increased mRNA expression of INF-y and IL-2 in adult
periodontitis patients [29, 30]. This argues for a major role
of Th1 cells in periodontitis. A third model proposes that
different phases of the natural history of periodontal
disease are mediated by different T cell subsets. Th1 cells
are associated with stable lesions, whereas Th2 cells may
be the major mediator in advanced and progressive
periodontal lesion [31]. All these conflicting results are
difficult to interpret and to reconcile because of differ-
ences in used material and methods.

The hygiene hypothesis is based on the Th1/Th2 para-
digm and the inverse relation between Thl-mediated
(infections) and Th2-mediated (allergies) immune re-
sponses [5, 6]. While inverse associations between Th1-
mediated infections like tuberculosis, measles and hepati-
tis A and allergic diseases have been demonstrated [9-11],
an inverse relation between a Th2-mediated infection by
helminths and allergies in children have also been re-
ported [13]. Children with worm antigens had an in-
creased release of IL-10 compared with healthy children.
This led to the assumption that IL- 10 suppress the effect of
IgE by inhibiting the production of further inflammatory
cytokines. Another study found that IL-10 releasing
inflammatory leucocytes were much more common in
periodontitis than pro-inflammatory cytokine-releasing
cells [32].

Our study revealed a weak inverse relation between
periodontitis and asthma. After adjustment for confound-
ing factors, subjects with severe periodontitis had the
lowest risk of asthma. The relation between oral health
status and asthma is controversially discussed. Recent
studies demonstrated that asthma had no influence on
the dental health status particularly on caries and plaque
in children [33] and on the gingival health in children and
adolescents [33, 34]. On the other hand several studies
reported that asthmatic adults had a higher degree of
periodontal inflammation and a lower stimulated salivary
flow compared with non-asthmatic adults and reasoned
that asthmatic subjects had a higher risk of oral diseases
[35, 36]. The same was observed in children. Asthmatic
children had more plaque deposits, higher levels of

Journal compilation © 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy
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gingivitis as well as more teeth affected by tooth surface
loss compared with healthy children [37].

For the pathogenesis of periodontitis the colonization
of the oral cavity with periopathogenic microorganisms is
necessary. Factors such as smoking, diabetes, male gender
or genetic predisposition are also important for the onset
of periodontitis [38]. Complex interactions between bac-
teria and risk factors cause periodontitis and its severity.
The present analysis refers to the current diagnosis of
periodontitis and we have no information concerning the
childhood situation. Therefore, we were not able to
investigate which specific germs may have been respon-
sible for the inverse associations between periodontitis
and hayfever as well as periodontitis and HDM allergy.
Our findings are supported by a cross-sectional study
which demonstrated that the subgingival colonization
with the causal periodontopathic bacteria P. gingivalis
and B. forsythus was positively associated with alveolar
bone loss and attachment loss, whereas allergies were
negatively associated with alveolar bone loss and attach-
ment loss [39, 40].

We ascertained that alcohol consumption appears to be
a potential risk factor for hayfever. This is in line with
studies that have analysed the influence of alcohol con-
sumption on serum IgE levels and found that the con-
sumption of alcohol was associated with increased serum
IgE concentrations [41, 42]. Alcohol consumption leads to
an imbalance between Th1 and Th2 cytokine production,
which might increase IgE production [43]. Moreover, our
logistic regression results confirm the known relation
between allergies and positive family history for allergies
or asthma [44].

The prevalence data of hayfever and asthma from our
study are consistent with reported prevalence proportions
for adults in Germany [45, 46]. The prevalence of HDM
allergy in our study was 3.8% and is rather low when
compared with the 11-15% prevalence reported in the
MONICA study [47]. However, it should be considered that
the present study was performed with in adult East Ger-
man population and there are considerable regional
differences in the prevalence of allergic diseases in Ger-
many, with East Germany having lower proportions of
allergies [48].

One of the strengths of the study was the accurate
determination of the periodontal status by trained and
certified dentists. Moreover, we performed our analyses
using data of a large population-based sample. One
limitation of the study was the method for defining
respiratory allergies, because self-report inherits the risk
of recall bias. The interview included no validated ques-
tionnaire for the ascertainment of hayfever, HDM allergy
and asthma. Furthermore, we had no information about
current and past allergic or asthmatic symptoms. How-
ever, hayfever, HDM and asthma were related to period-
ontitis in the same direction. Furthermore, the inverse

associations between periodontitis and hayfever as well as
HDM allergy persisted when physician diagnoses of hayf-
ever or HDM allergy were used as alternate exposure
variables. These results argue for a good validity of the
exposure definition that was used in the present study. A
further limitation may exist in our assumption that
periodontal disease measured in adults implicates the
colonisation of the oral cavity with periodontitis-inducing
microorganism in childhood and in youth. Unfortunately,
we were not able to obtain additional information on the
previous history of periodontal disease in affected per-
sons. While a cross-sectional study like the present is
generally not suitable to prove causal relations, the
biological plausibility of the association may indicate
such a relation. Even though we were careful to adjust
for possible confounding factors, further residual con-
founding cannot be unequivocally excluded. To investi-
gate possible reverse causality, we tested whether allergic
diseases influenced oral hygiene. Some differences were
only present in descriptive statistics and did not affect the
major result of an inverse relation between periodontitis
and hayfever, HDM allergy as well as asthma in the
multivariable models. Further case-control and cohort
studies are needed to confirm the hypothesis of an inverse
relation between periodontal and respiratory allergies that
was generated by the present study.

In conclusion there is an inverse association between
periodontitis and respiratory allergies. The present find-
ings might support the hygiene hypothesis.

Acknowledgements

SHIP is part of the Community Medicine Net (http://
www.medizin.uni-greifswald.de/cm) of the University of
Greifswald, which is funded by grants from the German
Federal Ministry of Education and Research (BMBF, grant
01Z2796030); the Ministry for Education, Research, and
Cultural Affairs; and the Ministry for Social Affairs of the
Federal State of Mecklenburg-West Pomerania. The con-
tributions to data collection made by field workers, study
physicians, ultrasound technicians, interviewers, and
computer assistants are gratefully acknowledged.

We thank Dr Daniel Robinson for proofreading our
manuscript.

References

1 Worldwide variation in prevalence of symptoms of asthma,
allergic rhinoconjunctivitis, and atopic eczema: ISAAC. The
International Study of Asthma and Allergies in Childhood
(ISAACQ) Steering Committee. Lancet 1998; 351:1225-32.

2 Strachan DP. Hay fever, hygiene, and household size. BMJ 1989;
299:1259-60.

3 Holt PG. Infections and the development of allergy. Toxicol Lett
1996; 86:205-10.

© 2006 The Authors

Journal compilation © 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy



Periodontitis and respiratory allergies 7

~

@

13

14

15

16

17

18

19

20

Martinez FD. Role of viral infections in the inception of asthma
and allergies during childhood: could they be protective? Thorax
1994; 49:1189-91.

Romagnani S. Human TH1 and TH2 subsets: regulation of
differentiation and role in protection and immunopathology. Int
Arch Allergy Immunol 1992; 98:279-85.

Mosmann TR, Coffman RL. TH1 and TH2 cells: different patterns
of lymphokine secretion lead to different functional properties.
Annu Rev Immunol 1989; 7:145-73.

Strachan DP. Family size, infection and atopy: the first decade of
the “hygiene hypothesis”. Thorax 2000; 55 (Suppl. 1):S2-10.
Matricardi PM, Rosmini F, Panetta V, Ferrigno L, Bonini S. Hay
fever and asthma in relation to markers of infection in the United
States. J Allergy Clin Immunol 2002; 110:381-7.

Shirakawa T, Enomoto T, Shimazu S, Hopkin JM. The inverse
association between tuberculin responses and atopic disorder.
Science 1997; 275:77-9.

Shaheen SO, Aaby P, Hall AJ et al. Measles and atopy in Guinea-
Bissau. Lancet 1996; 347:1792-6.

Matricardi PM, Rosmini F, Ferrigno L ef al. Cross sectional
retrospective study of prevalence of atopy among Italian military
students with antibodies against hepatitis A virus. BMJ 1997;
314:999-1003.

Scrivener S, Yemaneberhan H, Zebenigus M et al. Independent
effects of intestinal parasite infection and domestic allergen
exposure on risk of wheeze in Ethiopia: a nested case-control
study. Lancet 2001; 358:1493-9.

van den Biggelaar AH, van Ree R, Rodrigues LC et al. Decreased
atopy in children infected with Schistosoma haematobium: a

role for parasite-induced interleukin-10. Lancet 2000;
356:1723-7.
Bodner C, Godden D, Seaton A. Family size, childhood infections

and atopic diseases. The Aberdeen WHEASE Group. Thorax
1998; 53:28-32.

Farooqi IS, Hopkin JM. Early childhood infection and atopic
disorder. Thorax 1998; 53:927-32.

Gibbs S, Surridge H, Adamson R, Cohen B, Bentham G, Reading
R. Atopic dermatitis and the hygiene hypothesis: a case-control
study. Int J Epidemiol 2004; 33:199-207.

Papapanou PN, Neiderud AM, Papadimitriou A, Sandros J,
Dahlen G. “Checkerboard” assessments of periodontal microbio-
ta and serum antibody responses: a case-control study. J Period-
ontol 2000; 71:885-97.

Schwahn C, Volzke H, Robinson DM et al. Periodontal disease,
but not edentulism, is independently associated with increased
plasma fibrinogen levels: results from a population-based study.
Thromb Haemost 2004; 92:244-52.

Umeda M, Miwa Z, Takeuchi Y ef al. The distribution of period-
ontopathic bacteria among Japanese children and their parents. J
Periodontal Res 2004; 39:398-404.

Lamell CW, Griffen AL, McClellan DL, Leys EJ. Acquisition and
colonization stability of Actinobacillus actinomycetemcomitans
and Porphyromonas gingivalis in children. J Clin Microbiol 2000;
38:1196-9.

21 Tanner AC, Milgrom PM, Kent R Jr. ef al. The microbiota of young
children from tooth and tongue samples. J Dent Res 2002; 81:53-7.

22 John U, Greiner B, Hensel E et al. Study of Health In Pomerania
(SHIP): a health examination survey in an east German region:
objectives and design. Soz Praventivmed 2001; 46:186-94.

© 2006 The Authors

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

39

40

41

Journal compilation © 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy

Keil U, Stieber J, Doring A et al. The cardiovascular risk factor
profile in the study area Augsburg. Results from the first
MONICA survey 1984/85. Acta Med Scand 1988; 728
(Suppl.):119-28.

Bimstein E, Sapir S, Houri-Haddad Y, Dibart S, Van Dyke TE,
Shapira L. The relationship between Porphyromonas gingivalis
infection and local and systemic factors in children. J Period-
ontol 2004; 75:1371-6.

Yamazaki K, Yoshie H, Seymour GJ. T cell regulation of the
immune response to infection in periodontal diseases. Histol
Histopathol 2003; 18:889-96.

Sigusch B, Klinger G, Glockmann E, Simon HU. Early-onset and
adult periodontitis associated with abnormal cytokine produc-
tion by activated T lymphocytes. J Periodontol 1998;
69:1098-104.

Michel J, Gonzales JR, Wunderlich D, Diete A, Herrmann JM,
Meyle J. Interleukin-4 polymorphisms in early onset period-
ontitis. J Clin Periodontol 2001; 28:483-8.

Gemmell E, Carter CL, Seymour GJ. Mast cells in human period-
ontal disease. J Dent Res 2004; 83:384-7.

Ebersole JL, Taubman MA. The protective nature of host
responses in periodontal diseases. Periodontology 2000 1994;
5:112-41.

Takeichi O, Haber J, Kawai T, Smith DJ, Moro I, Taubman MA.
Cytokine profiles of T-lymphocytes from gingival tissues with
pathological pocketing. J Dent Res 2000; 79:1548-55.

Gemmell E, Seymour GJ. Immunoregulatory control of Th1/Th2
cytokine profiles in periodontal disease. Periodontology 2000
2004; 35:21-41.

Lappin DF, MacLeod CP, Kerr A, Mitchell T, Kinane DF. Anti-
inflammatory cytokine IL-10 and T cell cytokine profile in
periodontitis granulation tissue. Clin Exp Immunol 2001;
123:294-300.

Eloot AK, Vanobbergen JN, De Baets F, Martens LC. Oral health
and habits in children with asthma related to severity and
duration of condition. Eur J Paediatr Dent 2004; 5:210-5.
Shulman JD, Nunn ME, Taylor SE, Rivera-Hidalgo F. The
prevalence of periodontal-related changes in adolescents with
asthma: results of the Third Annual National Health and Nutri-
tion Examination Survey. Pediatr Dent 2003; 25:279-84.
Lenander-Lumikari M, Laurikainen K, Kuusisto P, Vilja P. Stimu-
lated salivary flow rate and composition in asthmatic and non-
asthmatic adults. Arch Oral Biol 1998; 43:151-6.

Laurikainen K, Kuusisto P. Comparison of the oral health status
and salivary flow rate of asthmatic patients with those of nonasth-
matic adults-results of a pilot study. Allergy 1998; 53:316-9.
McDerra EJ, Pollard MA, Curzon ME. The dental status of
asthmatic British school children. Pediatr Dent 1998; 20:281-7.
Nunn ME. Understanding the etiology of periodontitis: an over-
view of periodontal risk factors. Periodontology 2000 2003;
32:11-23.

Grossi SG, Zambon JJ, Ho AW et al. Assessment of risk for
periodontal disease. I. Risk indicators for attachment loss.
J Periodontol 1994; 65:260-7.

Grossi SG, Genco RJ, Machtei EE et al. Assessment of risk for
periodontal disease. II. Risk indicators for alveolar bone loss.
J Periodontol 1995; 66:23-9.

Gonzalez-Quintela A, Gude F, Boquete O ef al. Association of
alcohol consumption with total serum immunoglobulin E levels



8 N. Friedrich et a/

42

43

44

and allergic sensitization in an adult population-based survey.
Clin Exp Allergy 2003; 33:199-205.

Vidal C, Armisen M, Dominguez-Santalla MJ, Gude F, Lojo S,
Gonzalez-Quintela A. Influence of alcohol consumption on
serum immunoglobulin E levels in atopic and nonatopic adults.
Alcohol Clin Exp Res 2002; 26:59-64.

Dominguez-Santalla MJ, Vidal C, Vinuela J, Perez LF, Gonzalez-
Quintela A. Increased serum IgE in alcoholics: relationship with
Th1/Th2 cytokine production by stimulated blood mononuclear
cells. Alcohol Clin Exp Res 2001; 25:1198-205.

Poysa L, Remes K, Korppi M, Juntunen-Backman K. Atopy in
children with and without a family history of atopy. I. Clinical
manifestations, with special reference to diet in infancy. Acta
Paediatr Scand 1989; 78:896-901.

45

46

47

48

Hermann-Kunz E. Incidence of allergic diseases in East and
West Germany. Gesundheitswesen 1999; 61 (Special No:S100-5).
Janson C, Anto J, Burney P et al. The European Community
Respiratory Health Survey: what are the main results so far?
European Community Respiratory Health Survey II. Eur Respir J
2001; 18:598-611.

Filipiak B, Heinrich J, Schafer T, Ring J, Wichmann HE. Farming,
rural lifestyle and atopy in adults from southern Germany—
results from the MONICA/KORA study Augsburg. Clin Exp
Allergy 2001; 31:1829-38.

Hermann-Kunz E. Prevalence of hay fever in Germany—East-
West comparison and temporal trends. Gesundheitswesen 1999;
61 Special No:S94-9).

© 2006 The Authors

Journal compilation © 2006 Blackwell Publishing Ltd, Clinical and Experimental Allergy



