J Clin Periodontol 2006; 33: 855-862 doi: 10.1111/j.1600-051X.2006.00996.x

Periodontal infection profiles in
type 1 diabetes

Lalla E, Kaplan S, Chang SJ, Roth GA, Celenti R, Hinckley K, Greenberg E,
Papapanou PN. Periodontal infection profiles in type 1 diabetes. J Clin Periodontal
2006; 33: 855-862. doi: 10.1111/j.1600-051X.2006.00996.x.

Abstract

Objectives: We investigated the levels of subgingival plaque bacteria and serum IgG
responses in patients with type 1 diabetes and non-diabetic controls of comparable
periodontal status.

Material and Methods: Fifty type 1 diabetes patients (mean duration 20.3 years,
range 6—41) were age-and gender-matched with 50 non-diabetic individuals with
similar levels of periodontal disease. Full-mouth clinical periodontal status was
recorded, and eight plaque samples/person were collected and analysed by
checkerboard hybridization with respect to 12 species. Homologous serum IgG titres
were assessed by checkerboard immunoblotting. In a sub-sample of pairs, serum
cytokines and selected markers of cardiovascular risk were assessed using multiplex
technology.

Results: Among the investigated species, only levels of Eubacterium nodatum were
found to be higher in diabetic patients, while none of the IgG titres differed between
the groups, both before and after adjustments for microbial load. Patients with diabetes
had significantly higher serum levels of soluble E-selectin (p = 0.04), vascular cell
adhesion molecule-1 (VCAM-1; p = 0.0008), adiponectin (p = 0.01) and lower levels
of plasminogen activator inhibitor-1 (PAI-1; p = 0.02).

Conclusions: After controlling for the severity of periodontal disease, patients with
type 1 diabetes and non-diabetic controls showed comparable subgingival infection

patterns and serum antibody responses.
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Diabetes mellitus has been recognized as
an important risk factor for periodontitis
(Loe 1993, Papapanou 1996, Borrell &
Papapanou 2005). Cross-sectional epide-
miologic studies have demonstrated that
patients with diabetes have more exten-
sive and severe loss of periodontal tissue
support than individuals free of the dis-
ease (Thorstensson & Hugoson 1993,
Sandberg et al. 2000). Longitudinal stu-
dies have shown a higher incidence of
progressive periodontitis in patients with
diabetes (Seppdld et al. 1993, Taylor
et al. 1998, Thomson et al. 2004), and
treatment studies have suggested that
periodontal treatment outcomes are gen-
erally inferior in patients with poor
metabolic control when compared with
those achieved in non-diabetic subjects
(Tervonen & Karjalainen 1997). Several
mechanisms conferring an increased

susceptibility to periodontitis in the
setting of diabetes have been pro-
posed (Lalla et al. 2000a,b). However,
it remains unclear whether there are
any significant differences in the quality
of the periodontal bacterial challenge
between subjects with diabetes and
non-diabetic subjects (Mealey & Moritz
2003). Although a limited number of
studies comparing periodontal microbio-
ta in subjects with and without diabetes
do exist, these studies are generally
limited with respect to sample size,
number of bacterial plaque samples har-
vested per participant, and diversity of
bacterial species assessed (Zambon et al.
1988, Feitosa et al. 1992, Thorstensson
et al. 1995, Novaes Junior et al. 1997,
Sbordone et al. 1998). Importantly, the
control groups involved in these studies
typically consist of periodontally healthy
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individuals (Yuan et al. 2001, Campus
et al. 2005). As the clinical periodontal
status is by itself a significant determi-
nant of the periodontal bacterial ecology,
it is difficult to deduce from these studies
whether any reported qualitative and
quantitative differences in periodontal
microbiota are due to diabetes per se,
or simply reflect the concurrently pre-
valent higher extent and severity of
periodontitis in diabetic individuals.
Arguably, the identification of diabetes-
specific subgingival infection profile
characteristics should be ideally investi-
gated in pairs of individuals with and
without diabetes who display similar
periodontal status.

Therefore, the aim of this study was
to examine the key features of perio-
dontal infections by microbiological
and serological means, in a cohort of
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subjects with type 1 diabetes and a
control group of age- and gender-
matched non-diabetic individuals with
similar levels of destructive perio-
dontitis.

Material and Methods
Subject sample

The study protocol was approved by the
Columbia University Medical Center
Institutional Review Board, and written
informed consent was obtained from all
study participants. Patients with type 1
diabetes were recruited among those
attending the Columbia University Nao-
mi Berrie Diabetes Center. Following a
preliminary assessment of eligibility at
the Center based on the criteria described
below, interested patients were referred
for further evaluation and informed con-
sent. Neither periodontal status nor level
of metabolic control was considered
in the enrolment process. Control sub-
jects were recruited among individuals
attending the Columbia University Col-
lege of Dental Medicine clinics. All
control subjects had undergone a physi-
cal examination within 1 year before
their participation to the study, confirm-
ing normal blood glucose levels. Subjects
in both groups were at least 18 years old,
were on no regular anti-inflammatory
medication, and had not received anti-
biotics for at least 3 months before
enrolment. Diabetes duration in the case
group was at least 5 years. In order to
achieve the target sample size of 50 pairs
(50 subjects with type 1 diabetes and
50 age- and gender-matched non-diabetic
controls with similar levels of perio-
dontal disease), a total of 111 individuals
were examined clinically.

Clinical examination

All subjects underwent a comprehen-
sive, full-mouth clinical periodontal
examination at six sites per tooth carried
out by a single, calibrated periodontist
(author S. K). The periodontal para-
meters included assessments of:

(i) Probing pocket depth: distance of
the free gingival margin to the base
of the probeable pocket, recorded to
the nearest millimetre.

(ii) Gingival margin: location of the
free gingival margin in relation to
the cemento-enamel junction (CEJ;
positive if located apical to the CEJ,
and negative if located coronal to
the CEJ).

(iii) Bleeding of probing and dental
plaque, assessed dichotomously.

The algebraic sum of probing depth
and the gingival margin was used to
compute the clinical attachment level.

Blood sample

A 10ml blood sample was obtained by
venipuncture from each participant. Ser-
um was collected by centrifugation,
aliquoted, and stored until further ana-
lyses at —70°C.

Assessment of periodontal microbiota

Subgingival plaque samples were
obtained from the mesiolingual surface
of each tooth at the two most posterior
teeth in each quadrant (eight samples per
subject) using sterile curettes. The sam-
ples were analysed by checkerboard
DNA-DNA hybridization (Socransky
et al. 1994) using whole genomic probes
from 12 periodontal bacteria including
both putative pathogens and health-
related species (Actinobacillus actinomy-
cetemcomitans, Porphyromonas gingiva-
lis, Tannerella forsythia, Treponema
denticola, Fusobacterium nucleatum,
Prevotella intermedia, Campylobacter
rectus, Micromonas micros, Eubacterium
nodatum, Eikenella corrodens, Veillonel-
la parvula, and Actinomyces naeslundii).
The sampling technique and the proces-
sing of the samples have been described
in detail elsewhere (Papapanou et al.
2000).

Assessment of serum IgG responses to
periodontal bacteria

The presence and levels of IgG antibo-
dies against all bacteria included in the
microbiological panel were assessed by
checkerboard immunoblotting (Sakel-
lari et al. 1997) as described earlier
(Papapanou et al. 2000).

Assessment of serum inflammatory
mediators

In serum samples from a subsample of
the examined cohort, we assessed the
level of a number of cytokines, chemo-
kines, and mediators relevant to cardio-
vascular disease risk, using multiplex
technology and commercially available
kits (Linco Research Inc., St. Charles,
MO, USA) according to the manufac-
turer’s instructions. For the assessment
of cytokine/chemokine levels, we used

the human cytokine multiplex kit and
determined serum concentrations of
interleukin loo (IL-1o), IL-1p, IL-2,
interleukin-1 receptor antagonist (IL-
Ira), IL-4, IL-5, IL-6, IL-7, IL-8, IL-
10, IL-12, IL-13, IL-15, IL-17, interfer-
on y (IFN-y), granulocyte-colony stimu-
lating factor (G-CSF), granulocyte/
macrophage-colony stimulating factor
(GM-CSF), tumour necrosis factor o
(TNF-a), eotaxin, monocyte chemotactic
protein-1 (MCP-1), macrophage inflam-
matory protein loo (MIP-1a), and the
chemokine IP-10. The minimum detect-
able concentration in this assay was
3.2 pg/ml for each analyte.

For the assessment of mediators
involved in the pathogenesis of cardio-
vascular cell disease, we used the CVD
Human Biomarker 1 kit, allowing deter-
mination of soluble E-selectin, soluble
vascular cell adhesion molecule-1
(VCAM-1), soluble intercellular adhesion
molecule-1 (ICAM-1), matrix metallopro-
teinase 9 (MMP-9), myeloperoxidase
(MPO), adiponectin, and plasminogen
activator inhibitor-1 (PAI-1). The mini-
mum detectable concentrations for this
assay were as follows: sE-selectin 79 pg/
ml; sVCAM-1 16 pg/ml; sSICAM-1 9pg/
ml; MMP-9 1pg/ml; MPO 7 pg/ml; adi-
ponectin 56 pg/ml; and PAI-1 1 pg/ml.

Data analysis

The SAS statistical analysis package
(version 9.1) was used. The analyses
included descriptive statistics, two-tailed
Student’s #-test for paired observations,
and chi-square analysis to compare fre-
quencies. Adjustments for multiple com-
parisons were performed using the
Bonferroni correction whenever applic-
able.

Results

Table 1 describes selected demographic
and other characteristics of the 50 pairs
of patient—control subjects involved in
the present report. The gender distribu-
tion was well balanced, and the active
matching for age within pre-defined
5-year intervals resulted in a very simi-
lar mean age in diabetic patients and
controls (39.6 and 37.7 years, respec-
tively). With respect to self-reported
race and ethnicity, approximately 70%
of the study sample consisted of non-
Hispanic Whites. Overall, 14% of the
participants were current and 18% were
former smokers. As expected, a family
history of diabetes was more than twice

© 2006 The Authors. Journal compilation © 2006 Blackwell Munksgaard



Table 1. Demographic characteristics in diabetic subjects and controls (N = 100, 50/group)

Diabetic patients Controls All
Gender
Male 26 26 52
Female 24 24 48
Age (years)
Mean (SD) 39.6 (13.1) 37.7 (12.4) 38.7 (12.2)
Range 18-70 19-70 18-70
18-25 5 5 10
26-35 16 16 32
36-45 16 16 32
46-55 9 9 18
56-65 2 2 4
66-70 2 2 4
Ethnicity
Hispanic 17 15 32
Non-Hispanic 33 35 68
Race
White 38 33 71
Black 8 10 18
Other 1 5 6
Unknown 3 2 5
Smoking
Never 39 29 68
Current 6 8 14
Former 5 13 18
Family history of diabetes
No 23 40 63
Yes 26 10 36
Unknown 1 0 1
Insurance status
None 1 12 13
Private 32 25 57
Public (Medicaid) 17 10 27
Unknown 0 3 3
Table 2. Diabetes-related parameters in cases
Duration (years) 20.3 (9.3)
Range 641
Treated with
2 insulin injections/day 9 (18)
3—4 insulin injections/day 13 (26)
Continuous subcutaneous insulin infusion 28 (56)
Mean HbAlc over past 2 years (%) 7.5 (1.3)
Range 5.6-12.6
HDL cholesterol (mg/dl) 62 (14.9)
Range 39-99
LDL cholesterol (mg/dl) 103.2 (26.7)
Range 27-184
Triglycerides (mg/dl) 76.6 (44.4)
Range 23-256

Mean values or frequencies, standard deviations or % in parentheses, N = 50.
HbAlc, hemoglobin Alc; HDL, high density lipoprotein; LDL, low density lipoprotein.

as high in patients with diabetes that in
controls (26% versus 10%). The vast
majority of the participants were cov-
ered by private (57%) or public (27%)
health insurance.

Table 2 describes a number of dia-
betes-related parameters in the case
group. Among the 50 participants with
type 1 diabetes, the duration ranged
between 6 and 41 years and was on

average 20.3 years. Forty-four per cent
of the patients used insulin injections at
least twice daily, while 56% were on
continuous subcutaneous infusion (insu-
lin pump). The average haemoglobin
Alc (HbAC) over the 2-year period
preceding inclusion into the study was
7.5%, ranging from a low of 5.6% to a
high of 12.6%. Overall, the level of
metabolic control was good in this
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patient group. As illustrated in Fig. 1,
59.6% of the patients had good meta-
bolic control, i.e., HbAlc levels below
7.5%, while 8.5% of them had HbAlc
levels exceeding 9.5%, indicating poor
metabolic control.

The clinical periodontal status of the
50 pairs is described in Table 3. Dia-
betic subjects and controls had compar-
able numbers of teeth present, and
similar levels of dental plaque, bleeding
on probing, probing depths, and attach-
ment loss. However, patients with dia-
betes had a tendency towards a higher
number of deep (=5 mm) pockets when
compared with controls (12.3 versus 7.6,
p =0.062). On average, patients with
diabetes had 12.2 sites with AL>5mm
(range 0-107), while the control sub-
jects had an average of 10 such sites
(range 0-63). Thus, although the aver-
age levels of periodontal destruction
were rather moderate, there was sub-
stantial variation, and cases of severe
periodontal disease were included in
both groups.

Figure 2 describes the colonization
pattern by each species in both cases and
controls. Data analysis by means of
paired r-tests for matched observations
after application of the Bonferroni cor-
rection to adjust for multiple compari-
sons revealed that the only statistically
significant difference in bacterial colo-
nization between the groups was found
for E. nodatum, which was significantly
elevated in diabetic patients (individual
p=0.0013). We subsequently investi-
gated whether there were any differ-
ences in bacterial colonization between
diabetic patients and controls separately
for deep (PD>5mm) and shallow sites
(data not shown). This analysis revealed
no statistically significant differences
between the two groups, irrespective of
the clinical status (probing depth) of the
sampled sites.

We further analysed the levels of
serum IgG antibodies against the 12
investigated bacterial species in diabetic
patients and controls using checker-
board immunoblotting. Using paired
t-tests for matched observations and
the Bonferroni correction to adjust for
multiple comparisons, we detected no
statistically significant differences in
titres between the two groups (Fig. 3).

Next, we examined whether there
were any differences in specific
antibody responses to the investigated
periodontal bacteria after concomitant
consideration of the homologous bacter-
ial load by each species. For this
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Fig. 1. Level of metabolic control in the diabetic patient group, based on mean HbAlc values
over a 2-year period preceding the dental examination.

Table 3. Clinical periodontal status in diabetic subjects and controls (N = 50 pairs)

Diabetic patients Controls p-value™

# of teeth present 259 (3.7) 26.2 (3.0) 0.666
Range 11-28 16-28

% sites with plaque 32.0 (34.4) 26.0 (37.2) 0.388
Range 0-100 0-100

% sites with BoP 28.2 (27.5) 24.6 (25.5) 0.467
Range 0.6-100 0-100

Pocket depth (mm) 2.8 (0.6) 2.7 (0.4) 0.652
range 2.04.8 2.04.1

# sites/subject with PD>5mm 12.3 (19.7) 7.6 (12.2) 0.062
Range 0-107 0-55

% sites/subject with PD>5mm 8.5 (13.1) 5.3 (9.0) 0.078
Range 0-63.9 0-43.7

Attachment loss (mm) 0.6 (0.8) 0.5 (0.8) 0.415
Range 0-4.1 0-3.5

# sites/subject with AL>5 mm 12.2 (18.9) 10.0 (15.8) 0.457
Range 0-107 0-63

% sites/subject with AL>5 mm 8.3 (12.3) 6.9 (11.2) 0.494
Range 0-64.5 0-45.6

Mean values (standard deviations).

*Obtained by a two-tailed #-test for paired observations.

PD, pocket depth; AL, attachment loss.

analyses, we created a variable termed
“‘infection ratio’’ for each species (Pico-
los et al. 2005). This variable concomi-
tantly considers host response and
bacterial colonization, and provides a
more appropriate description of respon-
siveness to the bacterial challenge than
the antibody titre alone. Infection ratios
were defined by calculating the log of
the ratio of each subject’s species-speci-
fic antibody titre over the average bac-
terial load across all sampled sites for
each homologous species. This analysis,
presented in Fig. 4, revealed similar
levels of responsiveness to periodontal
bacteria in subjects with type 1 diabetes
and control subjects.

Table 4 reports serum concentrations
of selected cytokines and chemokines in
a sub-sample comprising 13 case—
control pairs. No statistically significant
differences were detected between the
two groups for any of the analytes
assessed, although there was a tendency
for higher serum levels for IL-1o and
IL-6 in diabetic patients (p=0.104
and 0.102, respectively, two-tailed
test for paired observations). Lastly,
Table 5 presents the levels of selected
mediators involved in the pathogenesis
of cardiovascular disease in the same
sub-sample of 13 diabetic patient-control
pairs. Diabetic patients showed higher
serum levels of sE-selectin (p = 0.047),

sVCAM-1 (p = 0.0008), and adiponectin
(p=0.0171), while controls displayed
higher levels of PAI-1 (p =0.021).

Discussion

In this study, we analysed the key
features of periodontal infection in
pairs of type 1 diabetic patients and
age- and gender-matched, non-diabetic
controls with similar levels of perio-
dontal disease. In this setting of compar-
able periodontal status between cases
and controls, the periodontal infection
profiles (assessed by means of sub-
gingival bacterial levels, serum IgG
responses, and infection ratios) were
largely similar in the two groups. Our
findings add to the substantial but quite
conflicting body of literature, part of
which has suggested the existence of
rather distinct subgingival microbial
profiles (Mashimo et al. 1983) or serum
antibody response patterns in diabetes
(Zambon et al. 1988).

According to recent data from the US
National Center for Chronic Disease
Prevention and Health (2005), the med-
ian duration of diagnosed diabetes in the
United States was 6.3 years in 2004. We
chose to study a group of type 1 diabetic
patients with a long duration of disease
(minimum 5 years, mean 20.3 years)
rather than both type 1 and type 2
patients for a more focused comparison
between a well-established, largely
genetically determined diabetic state
and a diabetes-free setting. Conceivably,
such a strategy maximized our power to
detect differences among the infection
profiles of case—control pairs with simi-
lar periodontal status. After adjusting
for multiple comparisons, our data
showed that only the subgingival levels
of E. nodatum were higher in type 1
diabetes patients, although within the
same log, the actual difference in mean
bacterial counts between the two groups
(30 x 10* versus 4 x 10%) casts some
doubt on the biological significance of
this finding. In recognition of the
possibility that differences in microbial
profiles between the two groups would
not necessarily be manifested by the use
of whole-mouth statistics, we expanded
our analysis to include a stratification by
pocket depth, i.e., we performed sepa-
rate comparisons of bacterial levels in
deep (PD>=5 mm) versus shallow pock-
ets. This analytical strategy was found
to be more discriminatory in earlier
studies, notably in the detection of qua-
litative differences in the subgingival
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Fig. 2. Mean bacterial colonization by the 12 investigated species in patients with diabetes
and non-diabetic controls. Values in the y-axis represent bacterial counts. Error bars represent

standard deviations.

M Diabetes
[ Control

1gG titer, ng/ml

Aa Pg Tf Td Fn

Pi Cr Mm En Ec Vp An

Fig. 3. Serum IgG titres against the 12 investigated species in patients with diabetes and non-
diabetic controls. Error bars represent standard deviations.
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Fig. 4. Infection ratios (log of the ratio of the specific antibody titre over the mean bacterial
load across all sampled sites for the homologous species) in diabetic subjects and controls.

Error bars represent standard deviations.

microbiota of smokers and non-smokers
(Haffajee & Socransky 2001). Never-
theless, the stratified analysis was
still not able to reveal differences
between diabetes cases and non-diabetic
controls.

The present results are in variance
with a recent case—control study

(Campus et al. 2005), which examined
by means of polymerase chain reaction
(PCR) the presence of three periodontal
species (P. gingivalis, P. intermedia,
and T. forsythia) in subgingival plaque
samples of type 2 diabetes patients and
non-diabetic controls and reported a
higher prevalence of P. gingivalis and
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a lower prevalence of T. forsythia in
diabetes. Another recent study (Ciantar
et al. 2005) compared levels of Capno-
cytophaga spp., assessed through PCR
and restriction fragment length poly-
morphism, in a test group comprising
both type 1 and type 2 diabetic patients
and a non-diabetic control group. These
authors reported that the total mean
count of Capnocytophaga spp. was
overall significantly higher in diabetes-
associated periodontitis than in the con-
trol group. However, when a direct
comparison restricted to only diseased
sites in cases and controls was under-
taken, the difference in Capnocytopha-
ga spp. levels did not reach statistical
significance. An earlier study by
Thorstensson et al. (1995) compared
the subgingival microbiota in a cohort
of type 1 (insulin dependent) diabetic
patients of long duration with a group
of age- and gender- matched controls.
These investigators analysed by culture
techniques the presence and levels of
A. actinomycetemecomitans, C. rectus,
Capnocytophaga spp., E. corrodens,
F. nucleatum, P. gingivalis, and
P. intermedia in both pooled and indi-
vidual plaque samples and reported a
higher prevalence, but no higher propor-
tionate colonization levels, by P. gingi-
valis in the diabetes group. However,
when stratified by age, the group of
younger diabetic patients also displayed
statistically more severe loss of perio-
dontal tissue support than their non-
diabetic counterparts.

A few studies have carried out similar
comparisons using serum antibody
responses to periodontal bacteria. The
previously mentioned study by Thor-
stensson et al. (1995) concomitantly
investigated serum IgG responses to a
panel of periodontal bacteria by ELISA
and identified a limited number of sta-
tistically significant differences in titre,
notably higher titres for P. gingivalis and
F. nucleatum in older diabetic patients
with moderate levels of periodontal dis-
ease. Importantly, this study did not
adjust for the multiple comparisons per-
formed, and the magnitude of the
detected differences was small. In a
study involving individuals with and
without periodontitis, type 1 (insulin-
dependent) diabetes, or impaired glucose
tolerance, Zambon et al. (1988) exam-
ined serum IgG titres to seven oral
bacterial species and reported that dia-
betic patients with periodontitis had sta-
tistically significantly lower serum IgG
titres to P. intermedia than their non-
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Table 4. Serum cytokines (ng/ml) in a sub-sample of the examined cohort (N = 13 pairs)

Mediator Diabetic patients Controls p-value™
IL-1o 279.9 (318.5) 97.3 (139.7) 0.104
IL-15 2.1(6.1) 2.4 (8.7) 0.918
IL-2 21.8 (61.2) 21.7 (66.7) 0.997
IL-1ra 156.8 (128.5) 211.6 (187.2) 0.410
IL-4 353.4 (448.1) 186.9 (349.2) 0.347
IL-5 0.6 (2.1) 1.0 (3.6) 0.731
IL-6 112.7 (116.2) 42.6 (63.6) 0.102
IL-7 13.0 (9.0) 13.9 (17.6) 0.890
IL-8 57.2 (62.8) 93.2 (144.1) 0.421
IL-10 42.3 (93.0) 38.0 (107.7) 0.920
IL-12 p70 18.0 (34.9) 13.0 (38.9) 0.757
IL-13 16.2 (40.2) 17.0 (45.3) 0.963
IL-15 8.8 (19.8) 10.0 (29.1) 0.906
IL-17 26.5 (49.0) 27.8 (55.0) 0.952
IFN-y 15.5 (38.6) 21.4 (72.9) 0.810
G-CSF 131.6 (219.8) 100.4 (230.5) 0.750
GM-CSF 40.5 (27.9) 27.7 (22.4) 0.236
TNF-a 9.2 (8.6) 10.9 (15.4) 0.756
Eotaxin 131.9 (8.1) 149.9 (82.5) 0.350
MCP-1 263.2 (96.2) 236.8 (75.1) 0.464
MIP-1a 46.5 (52.0) 34.5 (32.2) 0.450
1P-10 103.2 (75.1) 88.4 (58.9) 0.567

Mean values (standard deviations).

*Obtained by a two-tailed #-test for paired observations, unadjusted for multiple comparisons; for an
overall p-value of 0.05, an individual p-value of 0.0022 is required after Bonferroni adjustment for

22 tests.

IL, interleukin; IFN, interferon; TNF, tumour necrosis factor; G-CSF, granulocyte-colony stimulat-
ing factor; GM-CSF, granulocyte/macrophage-colony stimulating factor; MCP, monocyte chemo-
tactic protein; MIP, macrophage inflammatory protein; IP-10, interferon-inducible protein of 10kDa.

Table 5. Selected serum mediators involved in the pathogenesis of cardiovascular disease in a
sub-sample of the examined cohort (N = 13 pairs)

Mediator Diabetic patients Controls p-value®
E-selectin (ng/ml) 22.2 (13.8) 12.1 (8.7) 0.047
VCAM-1 (ug/ml) 1.2 (0.2) 0.9 (0.1) 0.0008
ICAM-1 (ng/ml) 124.2 (39.9) 111.8 (28.4) 0.320
MMP-9 (ug/ml) 227.1 (97.6) 329.2 (188.9) 0.146
MPO (ug/ml) 123.4 (78.6) 204.2 (213.8) 0.235
Adiponectin (ug/ml) 15.2 (7.5) 9.1 2.9 0.0171
PAI-1 (ug/ml) 25.8 (4.5) 31.5 (6.8) 0.021

Mean values (standard deviations).

*Obtained by a two-tailed #-test for paired observations, unadjusted for multiple comparisons; for an
overall p-value of 0.05, an individual p-value of 0.0071 is required after Bonferroni adjustment for

seven tests.

VCAM, vascular cell adhesion molecule; ICAM, intercellular adhesion molecule; MMP, matrix
metalloproteinase; MPO, myeloperoxidase; PAI, plasminogen activator inhibitor.

diabetic periodontitis counterparts, while
subjects with impaired glucose tolerance
had significantly elevated titres. Our
group has recently analysed ELISA-
generated IgG titres to P. gingivalis
and A. actinomycetemcomitans in sera
from a cohort of 2,973 subjects, aged 40
years and older, participants of the sec-
ond phase of the Third National Health
and Nutrition Examination Survey
(NHANES 1III, 1991-1994), including
314 diagnosed diabetic subjects (Dye
et al. 2005). In this sample, there was

no difference in the proportion of sub-
jects with and without diabetes who
displayed an elevated titre (i.e., at 90%
or higher) to either microorganism
(8.35 versus 10.1% and 14.4% versus
10.5% in diabetic and non-diabetic par-
ticipants for A. actinomycetemcomitans
and P. gingivalis titre, respectively). In
the present study, we additionally used
an analysis of infection ratios that simul-
taneously adjusts for the individual
subject’s homologous microbial coloni-
zation burden, but that analysis similarly

failed to establish any difference in
responsiveness between type 1 diabetes
patients and controls.

As expected, the analysis of serum
cytokines and selected markers of car-
diovascular disease in a subsample of
case—control pairs confirmed that indi-
viduals with type 1 diabetes generally
display a systemic pro-inflammatory
state (Nelson et al. 2005). Although
the small sample size did not provide
enough power to detect statistical differ-
ences in cytokine levels, in agreement
with literature findings, a number of
mediators suggesting higher risk for
cardiovascular disease were found to
be elevated in type 1 patients, including
soluble E-selectin and VCAM-1
(Clausen et al. 2000, Jude et al. 2002,
Fogelstrand et al. 2004) and adiponectin
(Imagawa et al. 2002, Frystyk et al.
2005). In contrast, levels of the pro-
coagulant factor PAI-1 were found to
be lower in type 1 diabetes patients than
controls; however, the literature does
not suggest any consistent or indepen-
dent association of circulating PAI-1
with the presence of vascular disease
(McDermott et al. 2003).

Hyperglycaemia and elevated sys-
temic inflammation are thought to play
an important role in the pathogenesis of
periodontal disease in the diabetic
patient (Lalla et al. 2000a). Neverthe-
less, the present data demonstrate that
the extent and severity of periodontal
disease is a decisive environmental
determinant of the qualitative character-
istics of the periodontal infection, and
that adjustment for periodontal status
results in very similar infection profiles
in subjects with and without diabetes. It
thus appears that in cross-sectional com-
parisons between cases with diabetes
and disease-free controls, it is the perio-
dontitis phenotype, determined by the
extent of bleeding of probing and the
depth of the probeable pocket, that
largely dictates the composition of the
subgingival habitat and the intensity of
the serum antibody responses to the
periodontal bacterial challenge. Indir-
ectly, our findings are also in agreement
with earlier data generated by treatment
studies associating periodontal bacterial
profiles and metabolic control. For
example, in a small-sized longitudinal
study of type 1 (insulin-dependent)
diabetic patients who underwent inten-
sive insulin therapy that resulted in
much improved metabolic control over
a 9-month period, Sastrowijoto et al.
(1990) reported no improvement in clin-
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ical periodontal status and consequently
no changes in the subgingival levels of
periodontitis-associated bacteria. Simi-
larly, Tervonen et al. (1994) concluded
that determinants of diabetic status such
as duration, type, and metabolic control
had no discernible effect on the preva-
lence of A. actinomycetemcomitans,
F. nucleatum, E. corrodens, P. gingiva-
lis, and P. intermedia. It must be
emphasized, however, that the failure
to establish any differences in infection
profiles between diabetic patients and
disease-free controls in our and other
studies is by no means at odds with the
concept of diabetes as a major risk
factor for periodontitis, but rather sug-
gests that it is the host response that
primarily drives the enhanced suscept-
ibility to periodontal disease in diabetic
individuals.
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Clinical Relevance

Scientific rationale: Diabetes melli-
tus is an established risk factor for
periodontitis. However, it is unclear
whether the subgingival microbial
ecology of the established perio-
dontitis lesion in patients with dia-
betes is different from that prevalent

in non-diabetic patients of corre-
sponding extent and severity. Simi-
larly, it is not clear whether diabetes
aggravates or suppresses the sys-
temic antibody responses to the
periodontal bacterial challenge.
Principal findings: After adjust-
ment for clinical periodontal status,

diabetic and non-diabetic patients
showed similar subgingival plaque
patterns, and comparable serum anti-
body responses.

Practical implications: The find-
ings of the present study do not
support the notion of a diabetes-spe-
cific periodontal infection profile.

© 2006 The Authors. Journal compilation © 2006 Blackwell Munksgaard



This document is a scanned copy of a printed document. No warranty is given about the accuracy
of the copy. Users should refer to the original published version of the material.



