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Abstract
Aim: In a general adult population, we have demonstrated an inverse association
between periodontitis and respiratory allergies that is in line with the hygiene
hypothesis suggesting a protective effect of infections against the development of
allergies. The objective of the present study was to investigate the association between
periodontitis and respiratory allergies in a type 1 diabetes mellitus population.

Material and Methods: The study population comprised 170 patients with type 1
diabetes mellitus aged 17–80 years. Respiratory allergies were present in 22 subjects.
The attachment loss (AL) was measured. Periodontitis was defined according to the
percentage of surfaces that exceeded 3 mm AL (healthy, mild, moderate, severe
periodontal conditions).

Results: Our adjusted analyses revealed an inverse association between periodontitis
and respiratory allergies. For increasing AL, a trend towards a decreasing risk was
present for respiratory allergies (ptrendo0.05). Compared with subjects with healthy
periodontal conditions, individuals with severe periodontal conditions had the lowest
risk of respiratory allergies [odds ratios (OR) 0.06 (95% confidence interval (CI)
0.01–0.39)], followed by subjects with moderate AL [OR 0.14 (95% CI 0.03–0.63)]
and mild AL [OR 0.32 (95% CI 0.09–1.08)].

Conclusion: There is a strong inverse association between periodontitis and
respiratory allergies in patients with type 1 diabetes mellitus. These findings further
support the hygiene hypothesis.
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Recently, we demonstrated an inverse
association between periodontitis and
respiratory allergies in a general adult
population (Friedrich et al. 2006). The
risk of hayfever or house dust mite
(HDM) allergy decreased with increas-
ing attachment loss (AL). Our data
supported the hygiene hypothesis
(Strachan 1989) by suggesting a protec-
tive effect of infections against the
development of allergies. A possible
explanation for the hygiene hypothesis
presents the T-helper type 1 (Th1)/Th2
paradigm (Mosmann & Coffman 1989,
Romagnani 1992), which indicates that

Th2-derived cytokines inhibit the devel-
opment of Th1 cells and vice versa.
Against the background that allergic
diseases are Th2-mediated, whereas
Th1 cells predominantly trigger infec-
tions, the inverse association between
periodontitis and respiratory allergies is
well in accordance with the Th1/Th2
paradigm.

The aim of the present study is to
investigate a possible inverse associa-
tion between periodontitis and respira-
tory allergies in a population of patients
with type 1 diabetes mellitus. A number
of studies reported that patients with
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type 1 diabetes mellitus had a higher
risk of periodontal disease (Genco 1996,
Kinane & Chestnutt 1997) and signi-
ficantly more teeth affected by AL
(Grossi et al. 1994, Firatli 1997, Lalla
et al. 2006) than healthy subjects. On the
other hand, previous studies have
demonstrated that patients with type 1
diabetes mellitus had less common
symptoms of asthma (Douek et al.
1999, Meerwaldt et al. 2002), hayfever,
or eczema (Meerwaldt et al. 2002).
Also, a meta-analysis (Cardwell et al.
2003) revealed a lower risk of asthma
and eczema in patients with type 1
diabetes mellitus compared with healthy
references. An inverse association
between periodontitis and atopic aller-
gies might thus link the positive asso-
ciation between type 1 diabetes mellitus
and periodontal disease and the negative
association between type 1 diabetes mel-
litus and respiratory diseases. Therefore,
we hypothesize that if an inverse asso-
ciation between periodontitis and atopic
allergies might be replicated in a homo-
geneous subgroup of patients with type
1 diabetes mellitus, the strength of such
an inverse association would have been
stronger in the latter compared with
non-diabetic subjects randomly selected
from the general population.

Material and Methods

Study population

Subjects were patients with type 1 dia-
betes mellitus aged 17–80 years who
were recruited from the Center of
Cardiology and Diabetes, Karlsburg
and surrounding practicing diabetolo-
gists. Inclusion criteria were German
citizenship and residency in West
Pomerania, the northeasternmost part
of Germany. Data collection was per-
formed between December 1997 and
December 2000. A total number of
233 patients with type 1 diabetes
mellitus were examined. All participants
gave informed written consent. The
Ethics Committee of the University of
Greifswald approved the study.

Of the 233 participants, 62 indivi-
duals who had no oral examination or
who had fewer than 12 of 56 measuring
points for the AL, and one participant
who refused the interview were
excluded from the analyses. Altogether,
the final study population thus com-
prised 170 subjects who were available
for the present analyses.

Measurements

The interview as well as the physical
and oral health examinations of the
patients with type 1 diabetes mellitus
were performed using the standard pro-
tocol of the Study of Health in Pomer-
ania (SHIP) by identical examiners as
reported recently (Friedrich et al. 2006).
Trained dentists assessed the dental
status. Periodontitis was measured by
cumulative AL, which represents the
distance from the cementoenamel junc-
tion to the bottom of the periodontal
pocket. The measurements were per-
formed on a maximum of 14 teeth on
four surfaces: mesiobuccal, distobuccal,
midbuccal, and midlingual and made in
whole millimetres, either on the left or
the right quadrant in alternate subjects.
The severity and extent of periodontitis
were determined by the mean of AL
over all assessed teeth. Subjects were
categorized into four groups according
to the quartiles of distribution (healthy
periodontal conditions: 0–1.1 mm, mild:
1.1–1.9 mm, moderate: 1.9–3.1 mm, and
severe: 43.1 mm AL). Furthermore, for
each subject, the percentage of surfaces
that exceeded 3 mm AL was deter-
mined. Regarding the last mentioned
variable, subjects were also categorized
into four groups according to the quar-
tiles of distribution (healthy periodontal
conditions: 0–7.6%, mild: 7.7–27.0%,
moderate: 27.1–54.2%, and severe:
454.2% AL43 mm). Coronal carious
lesions, fillings, secondary caries, and
missing teeth were registered by sur-
face, with the exception of wisdom
teeth. The decayed, missing, and filled
surface (DMFS) index and decayed,
missing, and filled tooth (DMFT) index
were calculated according to World
Health Organization (1997) criteria.
Subjects were categorized into four
groups according to the quartiles of
distribution (DMFT: low, o6; mild, 6
and 7; moderate, 8–10; high, 410;
DMFS: low, o12; mild, 12–23; moder-
ate, 24–37; high, 437).

A computer-aided personal interview
was used to collect information on the
medical history, behavioural, and socio-
demographic characteristics. Hayfever
and HDM allergy were defined accord-
ing to self-reported answers to the fol-
lowing two questions: (1) Do you have
any allergies?; (2) Which allergies on
the following list do you have?
(Friedrich et al. 2006). Asthma was
assessed by the three key questions:
(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 did not have a
cold?; (3) Do you take any anti-asth-
matic 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 (Friedrich et al. 2006). Chronic
bronchitis was defined as productive
cough in the past 12 months for at least
3 months. Subjects with chronic bron-
chitis were classified as non-asthmatics.
Respiratory allergies were present if
subjects reported a positive history for
either hayfever, HDM allergy, or asthma
(Friedrich et al. 2006). A positive family
history of allergies or asthma was pre-
sent if one of the biological parents had
one allergy or asthma. The school edu-
cation level was categorized into two
levels [low (410 years), high (410
years)]. As to smoking status, subjects
were categorized into current, former,
and never-smokers. Two categories for
alcohol consumption were defined using
the consumed amount of alcohol in
grams per day [low (women: o20 g/day,
men: o30 g/day) and high (women:
X20 g/day, men: X30 g/day)]. Serum
haemoglobin (Hb) A1C was determined
as per high-performance liquid chroma-
tography (Bio-Rad Diamat, Munich,
Germany).

Statistical analysis

Continuous data are expressed as mean
and standard error. Nominal data are
expressed as percentage. For bivariate
analyses, the w2 test (nominal data) or
the Mann–Whitney U-test (continuous
data) was used to compare subjects with
and without respiratory allergies. Multi-
variable logistic regression models were
run to assess the associations between
periodontitis and respiratory allergies.
As possible confounders, sex, age,
school education, smoking, alcohol con-
sumption, a family history of allergies
or asthma, diabetes duration, and serum
Hb A1c level were considered. The
confounder selection was performed by
a two-step procedure. The preliminary
step to multivariable model develop-
ment was to fit a one-predictor model
for each possible confounder. Only dia-
betes duration had a p-value o0.25
and was included in the multivariable
model. In addition, sex, age, and smok-
ing were chosen because of their biolo-
gical interest. In the second step, all
variables with a p-value 40.10 were
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excluded if the inclusion in the model
did not lead to a X10% change in the
coefficient of interest. The final models
were adjusted for sex, age, smoking, and
diabetes duration. Odds ratios (OR) with
95% confidence intervals (CI) were cal-
culated. Further tests for trend in AL-
related risk of allergies were performed
by fitting this variable as a continuous
covariate in the logistic regression
model. A value of po0.05 was consid-
ered to be statistically significant.
Statistical analyses were performed
with SAS version 9.1.3 (SAS Institute
Inc., Cary, NC, USA).

Results

Overall, respiratory allergies were pre-
sent in 12.9% (n 5 22) of the investi-
gated patients with type 1 diabetes
mellitus. The proportions for HDM
allergy, hayfever, and asthma were
4.1% (n 5 7), 10.0% (n 5 17), and
2.9% (n 5 5), respectively.

Subjects with and without respiratory
allergies were compared with respect to
selected general and dental characteris-
tics (Table 1). Among subjects with
respiratory allergies, 18.8% of the tooth
surfaces had AL 43 mm, whereas 36%
of the surfaces had AL 43 mm in
subjects without allergies. Furthermore,
subjects with allergies had a lower mean
AL, and more teeth than subjects with-
out allergies, but the latter result nar-

rowly missed statistical significance
(p 5 0.06).

Multivariable analyses using AL
43mm revealed that the extent of AL
was inversely associated with the risk
of respiratory allergies (Table 2). The
full model showed that individuals
with severe AL [OR 0.06 (95% CI
0.01–0.39), po0.01], moderate AL
[OR 0.14 (95% CI 0.03–0.63),
p 5 0.01], and mild AL [OR 0.32 (95%
CI 0.09–1.08), p 5 0.07] had a lower
risk of respiratory allergies compared
to subjects with healthy periodontal
conditions. This result was confirmed
by an analysis using the percentage
of surfaces with AL 43 mm as a
continuous variable [OR 0.96 (95% CI
0.94–0.99), per %, ptrendo0.01].

A sensitivity analysis was run
restricted for subjects younger than 60
years because of the low number of
teeth in older subjects. Also, in this
subpopulation, individuals with severe
AL [OR 0.03 (95% CI o0.01–0.29),
po0.01], moderate AL [OR 0.18 (95%
CI 0.04–0.78), p 5 0.02], and mild AL
[OR 0.42 (95% CI 0.13–1.42), p 5 0.17]
had a lower risk of respiratory allergies
than subjects with healthy periodontal
conditions.

We performed further analyses using
the mean AL over all assessed teeth as
an alternative exposure variable. Sub-
jects were again categorized into four
groups (healthy periodontal conditions,

mild, moderate, and severe AL) accord-
ing to the quartiles of distribution. These
analyses showed again that subjects
with severe AL had the lowest risk of
respiratory allergies [OR 0.07 (95% CI
0.01–0.44), po0.01], followed by sub-
jects with moderate AL [OR 0.18 (95%
CI 0.04–0.76), p 5 0.02] and mild AL
[OR 0.43 (95% CI 0.13–1.39), p 5 0.16]
in comparison to individuals with
healthy periodontal conditions. Also,
an analysis performed with mean AL
as a continuous variable confirmed these
results [OR 0.54 (95% CI 0.34–0.86),
per mm, ptrendo0.01].

Furthermore, analysis was run using a
different smoking categorization. The
former and current smokers were further
divided separately into two groups
according to the number of cigarettes
smoked per day (o15; X15 cigarettes/
day). This analysis also confirmed the
main result of an inverse association
between periodontitis and respiratory
allergies.

Analyses with caries as independent
variables were performed to verify the
specificity of our findings to periodontitis.
Adjusted for sex, age, and smoking, no
association between DMFT [reference:
low; mild, OR 1.23 (95% CI 0.30–
5.00); moderate, OR 0.79 (95% CI
0.20–3.11); and high, OR 0.93 (95% CI
0.21–4.14)] as well as DMFS [reference:
low; mild, OR 0.87 (95% CI 0.22–3.52);
moderate, OR 1.90 (95% CI 0.50–7.13);
and high, OR 0.35 (95% CI 0.05–2.32)]
and respiratory allergies was found.

Discussion

The present analysis confirmed our
hypothesis of an inverse association
between periodontitis and respiratory
allergies in patients with type 1 diabetes
mellitus. The risk of respiratory allergies
decreased with increased AL. These
results not only confirmed previous
findings reported from the general
adult population of West Pomerania
(Friedrich et al. 2006), but also extended
current knowledge by the finding that
the inverse association between perio-
dontitis and respiratory allergies was
stronger in patients with type 1 diabetes
mellitus than in subjects randomly
selected from the general population
[reference: healthy; mild AL, OR 0.93
(95% CI 0.69–1.24); moderate AL, OR
0.85 (95% CI 0.61–1.18); and severe
AL, OR 0.56 (95% CI 0.36–0.86)]
(Friedrich et al. 2006). An interplay

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

Characteristics Subjects without
respiratory allergies

(n 5 148)

Subjects with
respiratory allergies

(n 5 22)

pn

Female (%) 46.6 40.9 0.65
Age (years) 37.1 (1.1) 37.5 (2.5) 0.77
School education (%) 0.57

410 years 79.1 86.4
410 years 20.9 13.6

Smoking (%) 0.39
Never-smoker 30.4 45.4
Ex-smoker 25.0 18.2
Current-smoker 44.6 36.4

Alcohol consumption (%) 0.75
Low 85.1 81.8
High 14.9 18.2

Chronic bronchitis (%) 5.4 4.6 1.00
Positive family history

for allergies or asthma (%)
12.7 18.2 0.50

Number of teeth 23 (0.4) 25 (0.9) 0.06
Attachment loss (mm) 2.31 (0.13) 1.56 (0.26) 0.03
Attachment loss 43 mm (% of sites) 36.0 (2.5) 18.8 (4.3) 0.02
Diabetes duration (years) 14.8 (0.8) 18.1 (2.9) 0.48
Haemoglobin A1c (%) 7.8 (0.1) 7.7 (0.2) 0.86

Continuous data are given as mean (standard error), nominal data are given as percentages.
nFisher’s exact test (nominal data) or Mann–Whitney U-test (interval data).
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between type 1 diabetes mellitus, perio-
dontal diseases, and respiratory diseases
provides the most plausible explanation
for these results. Several studies
reported that patients with type 1 dia-
betes mellitus have an increased risk of
periodontal disease (Genco 1996,
Kinane & Chestnutt 1997) and a higher
extent of periodontitis (Grossi et al.
1994, Firatli 1997, Lalla et al. 2006)
compared to subjects without diabetes
mellitus. Furthermore, it has been
demonstrated that children with type 1
diabetes mellitus had fewer symptoms
of asthma, hayfever, or eczema (Douek
et al. 1999, Meerwaldt et al. 2002,
Caffarelli et al. 2004) than healthy chil-
dren. A meta-analysis (Cardwell et al.
2003) of 25 studies revealed a decreased
asthma prevalence and a small non-
significant reduction of the prevalence
of eczema in patients with type 1 dia-
betes mellitus. In good agreement with
these studies, we observed a slightly
lower prevalence of respiratory allergies
(12.9%) in the present study than in the
general population (15.4%) (Friedrich
et al. 2006) of the same catchment
area. Lower proportions of allergies or
allergic symptoms in patients with dia-
betes mellitus compared with healthy
subjects have not always been con-
firmed (Stromberg et al. 1995, Stene &
Nafstad 2001). One study found a

positive association between type 1 dia-
betes mellitus and symptoms of asthma
(Stene & Nafstad 2001). Another study
found no differences in the prevalence of
respiratory diseases between children with
type 1 diabetes mellitus and the reference
population (Stromberg et al. 1995).

Periodontitis is an infection starting
with the colonization of the oral cavity
with periopathogenic microorganisms,
in particular Gram-negative anaerobic
bacteria in childhood (Umeda et al.
2004). Several studies found that
patients with type 1 diabetes mellitus
had an enhanced susceptibility to Gram-
negative infections (Joshi et al. 1999)
and periodontal pathogens (Loe 1993,
Nishimura et al. 1998). The early infec-
tion with these periodontopathic bacteria
may elicit an immune response (Bim-
stein et al. 2004) and promotes condi-
tions for the onset of periodontal
diseases in adult life. In the develop-
ment of periodontal disease, different
aetiological models are discussed
(Yamazaki et al. 2003). The first
model suggests that periodontitis is
Th2-mediated and thus the activation
of B-cells and secretion of interleukin
1 probably mediates tissue destruction.
This model is supported by the finding
of a decreased interferon-g secretion in
patients with periodontitis due to a
decreased interferon-g and interleukin-2

mRNA expression (Sigusch et al. 1998).
This assumption receives further sup-
port by the detection of a decreased
number of mast cells in chronic perio-
dontitis tissue (Gemmell et al. 2004).
A second model hypothesizes that the
infection and the tissue destruction is
caused by Th1 cells and interferon-g,
which stimulates the production of pro-
inflammatory cytokines (Yamazaki
et al. 2003). Two studies demonstrated
that the mRNA expression of interfer-
on-g and interleukin-2 was increased in
patients with chronic periodontitis
(Ebersole & Taubman 1994, Takeichi
et al. 2000). A third model links the
Th1 and Th2 assumptions and proposes
that both Th1 cells and Th2 cells are
involved in the history of periodontal
disease. Th1 cells are associated
with stable lesions, whereas Th2 cells
may be the major mediator in advanced
and progressive periodontal lesions
(Gemmell & Seymour 2004).

Possible explanations for inverse
associations between infections (Th1-
mediated) and allergic diseases (Th2-
mediated), which has been displayed
between tuberculosis, measles, or hepa-
titis A and allergic diseases (Shaheen
et al. 1996, Matricardi et al. 1997,
Shirakawa et al. 1997), are provided
by the hygiene hypothesis and the
Th1/Th2 paradigm (Mosmann &
Coffman 1989, Romagnani 1992).
There are, however, also conflicting
results. For example, an inverse relation
between a Th2-mediated infection by
helminths and allergies in children
(van den Biggelaar et al. 2000) has
been reported.

The assessment of the severity and
extent of periodontal disease is a matter
of concern. The measurement of AL
provides adequate information on the
severity and extent of periodontitis, but
the definition of periodontitis based on
categorizations or different thresholds
varies strongly between studies and
need to be standardized (Burt 2005,
Merchant & Pitiphat 2007). However,
our results were consistent over numerous
definitions of periodontitis (mean AL:
categorized, continuous; percentage
of surfaces with AL 43 mm: categor-
ized, continuous). Further, the specifi-
city of our findings to periodontitis and
the absence of an association between
coronal caries and respiratory allergies
argue against dominant confounding by
socioeconomic status and health beha-
viour, which are related to both perio-
dontitis and caries. The method for

Table 2. The periodontitis-related risk of respiratory allergies

Effectn Respiratory allergies

OR (95% CI)w p

Unadjusted
Attachment loss 43 mm (reference: healthy)

Mild 0.54 (0.18–1.63) 0.27
Moderate 0.35 (0.10–1.21) 0.10
Severe 0.17 (0.03–0.81) 0.03

ptrend 5 0.02
Adjusted for sex and age

Attachment loss 43 mm (reference: healthy)
Mild 0.43 (0.13–1.37) 0.15
Moderate 0.19 (0.04–0.80) 0.02
Severe 0.08 (0.01–0.47) o0.01

ptrendo0.01
Adjusted for the full modelz

Attachment loss 43 mm (reference: healthy)
Mild 0.30 (0.08–1.07) 0.06
Moderate 0.12 (0.02–0.60) 0.01
Severe 0.05 (0.01–0.35) o0.01

ptrendo0.01

OR, odds ratios; CI, confidence intervals.
nPeriodontal status was formed by dividing participants into four groups according to attachment

loss 43 mm: healthy, 0–7.6%; low, 7.6–27.0%; moderate, 27.1–54.2%; severe, 454.2%.
wLogistic regression analyses.
zFull model includes sex, age, smoking, and diabetes duration.
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defining respiratory allergies represents
a limitation of the study, because self-
report inherits the risk of recall bias. The
interview included no standardized
questionnaire for the ascertainment of
hayfever, HDM allergy, and asthma.
Furthermore, we had no information
about current and past allergic or asth-
matic symptoms. While a cross-
sectional study like the present one 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 fac-
tors, further residual confounding can-
not be unequivocally excluded.

In conclusion, there is a strong
inverse association between perio-
dontitis and respiratory allergies in
patients with type 1 diabetes mellitus.
The present study replicates findings
from the general population and further
supports the hygiene hypothesis.
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Clinical Relevance

Scientific rationale for the study: To
expand our knowledge on the sys-
temic effects of periodontitis on sys-
temic diseases, we studied the
association between periodontal dis-

ease and allergy on the background
of the hygiene hypothesis.
Principal findings: We observed that
subjects without periodontitis had a
higher chance of having an allergy
than subjects with periodontitis. The

more advanced the periodontitis, the
smaller the chance of having an
allergy.
Practical implications: Pathways
linking allergy and periodontitis
should be studied further.
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