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OBJECTIVEdTo explore associations between diabetes etiology (type 1 diabetes mellitus
[T1DM] vs. T2DM) and glycemic control in the prediction of 5-year periodontal status change.

RESEARCH DESIGN AND METHODSdThe Study of Health in Pomerania (SHIP) is a
population-based stratified sample of German men and women. Healthy participants and those
determined to have T2DM arose from the SHIP cohort, and T1DM participants were recruited from
diabetes clinics in the catchment area that gave rise to SHIP. Dentate participants (n = 2,626; 53%
women; 20–81 years of age) were included. Diabetes was determined via physician diagnosis and/or
HbA1c $6.5% (uncontrolled diabetes .7.0%). Examiners blinded to diabetes status performed
random half-mouth periodontal examinations, assessing probing depth (PD) and attachment loss
(AL) (four sites/tooth) at baseline and follow-up. Participants were categorized into six groups as
follows: 1) diabetes free (n = 2,280), 2) incident T2DM (n = 79), 3) controlled T2DM (n = 80),
4) uncontrolled T2DM (n = 72), 5) controlled T1DM (n = 43), and 6) uncontrolled T1DM (n = 72).
Inmultivariable regressions,mean PDchange (DMPD),meanAL change (DMAL), or incident tooth-
loss values were regressed across the aforementioned diabetes categories.

RESULTSdMean (SD)DMPDandDMALvalues among all participantswere20.0860.5mmand
0.086 1.03 mm, respectively, and 34% lost one or more teeth. Relative to diabetes-free participants,
thosewith uncontrolledT2DMexperienced greaterDMPD6 SE (P,0.05),whereas participantswith
either uncontrolled T1DM or uncontrolled T2DM realized greater DMAL (P , 0.05). Uncontrolled
T1DM and T2DM were both associated with an increased risk of future tooth loss (P, 0.05).

CONCLUSIONSdDiabetes control, but not etiology, was associated with future tooth loss and
accelerated AL progression.
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Periodontal disease is a common con-
dition (1) characterized in its early
stages by gingival inflammation. If

left untreated, progressive collagen and

bone loss can weaken the tooth’s anchor-
ing in the alveolar housing and result in
tooth loss. Several periodontal disease risk
factors have been identified previously

(2,3), including diabetes, which has long
been viewed as a strong causal risk factor
for periodontal pathology (4–10).

The biological plausibility has been
well documented, and the best evidence
suggests the potential influence of diabetes
on periodontal disease is likely explained
by 1) a hyperinflammatory response to in-
fection, 2) uncoupling of bone destruction
and repair, and/or 3) the effects of advanced
glycation end products (10,11). Numerous
reports have repeatedly documented ele-
vated levels of prevalent periodontal dis-
ease among individuals with diabetes
when compared with healthy participants.
However, most studies have been cross-
sectional, precluding the ability to firmly
demonstrate temporality of associations.
Of the few longitudinal studies published
to date, many have been from selected pa-
tient populationswith low sample sizes and
limited confounder adjustment, and these
studies often do not specify the type of di-
abetes included in the study (8). No study
to date has examined the influence of both
type 1 diabetes mellitus (T1DM) and
T2DM together alongside healthy controls
in a prospective cohort study.

The goal of the current study was to
examine whether diabetes status and
glycemic control were associated with
5-year progression of clinical periodontal
disease among a representative sample of
community-based participants enrolled in
the Study of Health in Pomerania (SHIP) as
well as among a cohort of T1DM patients
identified via a diabetes clinic and diabe-
tologists in the same catchment area as
SHIP.

RESEARCH DESIGN AND
METHODSdSHIP is a population-
based prospective cohort in East Germany
involving the cities of Greifswald, Stral-
sund, and Anklam and 29 surrounding
villages; the 1995 population in this catch-
ment area was 212,157. German subjects
with main residency in the area were
randomly drawn, proportional to each
community population and stratified by
age and sex. A representative sample of
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7,008 adults 20–79 years of age was in-
vited to participate. This two-stage cluster
sampling method was adopted from the
MONICA Project (Augsburg, Germany)
and yielded 12 five-year age strata
(20–79years) for both sexes. After removing
746 individuals (126 died, 615 moved
away, and 5 had severe medical prob-
lems), 6,262 inhabitants were invited.
The final sample included 4,308 individ-
uals, yielding a 68.8% response (12,13).
Between the baseline and the 5-year follow-
up examinations, there were 130 passive
nonrespondents (due to migration) and
231 deceased subjects. Of the remaining
3,949 eligible people, 649 were active
nonrespondents and 3,300 subjects were
reexamined, resulting in an 83.6% follow-
up response (14).

Enrollment of participants
with T1DM
The T1DM cohort (at baseline, 233 sub-
jects 20–81 years of age)was recruited from
the Centre of Cardiology and Diabetes,
Karlsburg, and diabetologic practices in
the study region. Diagnosis of T1DM in
these subjects was confirmed by the physi-
cian. These subjects lived in the same catch-
ment area as the subjects recruited for
SHIP. Baseline data collection for T1DM
subjects was performedbetweenDecember
1997 and December 2000. Data collection
protocols among participants with T1DM
were performed using the samemethods as
for the SHIP population. This sampling
strategy was performed to ensure that ade-
quate numbers of participants with T1DM
were included in the study.

The study was approved by the Uni-
versity of Greifswald’s Institutional Review
Board. All participants providedwritten in-
formed consent.

Oral examination
Calibrated licensed dentists performed the
oral examinations, including a full-mouth
tooth count. The periodontal probe PCP 11
(Hu-Friedy, Chicago, IL), in SHIP-0, and
the periodontal probe PCP 2 (Hu-Friedy),
in SHIP-1, were used to assess periodontal
probing depth (PD) and clinical attachment
loss (AL) for examined teeth. Periodontal
measurements were taken at four sites per
tooth (mesiobuccal,midbuccal, distobuccal,
and midlingual), using the half-mouth
method on the right or left side in alternate
subjects. On the same teeth, coronal caries
was scored visually and with the peri-
odontal probe. Carious and filled teeth
were registered by surface, and decayed
filled-tooth index was calculated according

to World Health Organization criteria.
Yearly, calibration exercises (15) yielded
an intraclass correlation of 0.82–0.91 per
examiner and an interrater correlation of
0.84 relative to AL. The use of different
periodontal probes at baseline and follow-
up can reduce precision of periodontal
measures. Thus, we converted periodontal
site measurements for SHIP-1 (PCP 2) ac-
cording to correction values retrieved
from a crossover study (16).

Diabetes classification
Among SHIP participants, diabetes was
defined by self-reported physician’s diag-
nosis, use of antidiabetic drugs (Anatomical
Therapeutic Chemical codes A10AB,
A10BB, A10BC, A10BD, A10BF, A10BG,
A10BH, and A10BX), or HbA1c $6.5%.
Among SHIP participants identified as hav-
ing diabetes, eight were reclassified as hav-
ing T1DM based on age of onset (diagnosis
before 30 years of age) or timing of insulin
therapy initiation relative to diagnosis (,1
year from diagnosis). The remaining par-
ticipants meeting the aforementioned case
definition were defined as having T2DM.
Uncontrolled diabetes was defined by
HbA1c .7.0% (17).

HbA1c was measured from nonfasting
blood samples at one laboratory that par-
ticipated in the official Germany INSTAND
(formerly Institut für Standardisierung
und Dokumentation in medizinischen
Laboratorium; currently, Gesellschaft zur
Förderung der Qualitätssicherung in
medizinischen Laboratorien) round-robin
tests for quality assurance in analytical lab-
oratories, at least semiannually, and inter-
nal quality controls were measured daily.
At both visits, HbA1c was measured by
cation-exchange chromatography (high-
performance liquid chromatography)
with spectrophotometric detection (Diamat
Analyzer; Bio-Rad, Munich, Germany) and
a coefficient of variation of 1.5%.

Risk factor assessment
Participants were queried by computer-
aided face-to-face interviews on sociode-
mographic characteristics,medical histories,
and common diabetes medications (i.e.,
Anatomical Therapeutic Chemical codes
A10AB, A10BB, A10BC, A10BD, A10BF,
A10BG, A10BH, and A10BX). A self-
administered questionnaire assessed re-
gion (rural vs. urban) and education level
(,10, 10, or .10 years of schooling).
Smoking behavior was assessed with
a validated questionnaire and categorized
as never/occasional, former, or current
smoker (18).

Height and weight were determined
using calibrated scales. Waist circumfer-
ence was measured at the narrowest place
between the last rib and the highest part of
the abdomen. Hip circumference accorded
to the greatest circumference between the
highest point of the iliac crest and the
crotch.

High-sensitivity C-reactive protein
(hsCRP) was determined in serum by
particle-enhanced immunonephelometry
(hsCRP Kit; Dade Behring, Inc.) with a
test sensitivity of 0.2 mg/L. Triglycerides
were determined enzymatically using re-
agents from Roche Diagnostics (Hitachi
717; Roche Diagnostics, Mannheim,
Germany). Plasma fibrinogen concentra-
tionswere assayed according toClauss using
an Electra 1600 Analyzer (Instrumentation
Laboratory, Barcelona, Spain). White
blood cell (WBC) count was measured
by the impedance measurement method
using the Coulter principle (Coulter
MaxM; Coulter Electronics, Miami, FL).
Urinary excretion of deoxypyridinoline
(DPD) was determined by a chemilumi-
nescence enzyme immunoassay (Fa. DPC
Biermann, Bad Nauheim, Germany). All
values were related to the creatinine con-
centration in urine. Creatinine was de-
termined by standard laboratorymethods.
DPD results were not performed among
participants with T1DM in this study.

Among the 3,446 participants who
were either diabetes free or had T1DM or
T2DM at baseline, we excluded partici-
pants from the current analysis if they did
not receive a periodontal exam during the
follow-up visit (n = 769) or if there was
missing data on variables considered essen-
tial; the analysis included HbA1c, age, sex,
waist-to-hip ratio, education level, and
smoking status (n = 51), leaving 2,626 par-
ticipants for analysis.

Statistical analyses
Analyses were performed using SAS for
Windows version 9.2. Multivariable linear
regression analysesmodeleddiabetes status
as an independent variable and change in
periodontal status during 5 years of follow-
up as the dependent variable. Diabetes
status was defined as 1) diabetes free (n =
2,280), 2) incident T2DM (n = 79), 3) con-
trolled T2DM (n = 80), 4) uncontrolled
T2DM (n = 72), 5) controlled T1DM (n =
43), or 6) uncontrolled T1DM (n = 72). In
sensitivity analyses, continuous HbA1c (as
opposed to diabetes type and control) was
modeled as an independent variable. Peri-
odontal disease change was defined by
change in mean PD (DMPD), mean AL
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(DMAL), or mean percent of sites with$5
mm; changewas calculated as year 5minus
baseline values so that negative values in-
dicate improvement and positive values in-
dicate progression of periodontal disease.
Selected multivariable models included
baseline periodontal status as a covariable
for the prediction of 5-year periodontal
change. These models are included for
the readers’ information, although we
caution that these models are highly sus-
ceptible to biased findings, as previously
discussed (19). A multivariable, modified
Poisson regression method (20) was used
to examine the risk of incident tooth
loss associated with baseline diabetes
status. Multivariable linear regression
also considered DMPD, DMAL, and
number of lost teeth during follow-up as
outcomes.

RESULTSdParticipants were Caucasian,
46614years of age (mean6 SD), and52%
female. Baseline diabetes status was as-
sociated with many sociodemographic,
behavior/lifestyle, and medical variables, as
summarized in Supplementary Table 1. At
baseline, the mean tooth count was 226 6,
and MPD and MAL values were 2.4 6 0.6
and 2.46 1.6 mm, respectively. The prev-
alence of any site with AL$5mmwas 56%,
and the mean percent of sites/mouth with
$5 mm AL was 14 6 23%. Mean 5-year
tooth loss was 0.8 6 1.7, and 34% of par-
ticipants lost oneormore teeth.Mean5-year

DMPD andDMAL were20.086 0.51 and
0.08 6 1.03 mm, respectively. Baseline AL
was strongly correlated with tooth loss (r =
0.40; P , 0.0001), but change in AL was
unrelated to tooth loss (r = 0.04; P = 0.07).

The proportions of individuals with
T1DM and T2DM at baseline were 4.4 and
5.8%, respectively; the relatively high pro-
portion of T1DM is due to the enrollment
strategy, which oversampled T1DM to
obtain adequate sample size. Among par-
ticipants with T2DM at baseline, the prev-
alence of undiagnosed diabetes was 26%.
BaselineHbA1cwas 5.460.9%, and change
in HbA1c was 0.01 6 0.7%. Figure 1
shows the baseline and year-5 HbA1c values
according to diabetes status. Among partic-
ipants with controlled T2DM, 37% were
receiving pharmacological treatment as
compared with 62% of participants with
uncontrolledT2DM.Thedistributionof dif-
ferent drug classifications used among par-
ticipants with controlled and uncontrolled
T2DM is summarized in Supplementary
Fig. 1A and B.

Both uncontrolled T2DM and T1DM
were statistically significantly associated
with progression of AL relative to diabetes-
free participants, whereas controlled
diabetes was not associated with AL pro-
gression (Fig. 2). When compared with
diabetes free participants, thosewith either
incident T2DM or uncontrolled T2DM ex-
perienced less favorable PD changes, al-
though these findings were only statistically

significant for uncontrolled T2DM (Fig. 2).
PD changes among participants with
T1DM did not differ from diabetes-free
participants (Fig. 2). Tooth loss adjust-
ments did not meaningfully impact these
periodontal disease change patterns. As
shown in Table 1, adjustment for age, sex,
smoking status, obesity, and educational
level attenuated findings, whereas addi-
tional adjustments had little influence on
the association between diabetes status
and periodontal disease change. Findings
were similar when considering change in
the percent of sites with $5 mm AL. Rel-
ative to diabetes-free participants, both
uncontrolled T1DM and T2DMwere as-
sociated with a statistically significant
4% greater increase in the percent of
5-mm sites/mouth during 5 years of
follow-up,whereasno statistically significant
changes were observed among individuals
with controlled diabetes.

In multivariable linear regression anal-
yses considering continuous HbA1c (as op-
posed to diabetes type and control) as the
independent variable, a 1-point increase
in baseline HbA1c was associated with a
0.04-mm increase in DMPD (P = 0.003)
and a 0.07-mm increase in DMAL (P =
0.0008).

In multivariable models, CRP, WBC,
and waist-to-hip ratio were associated with
statistically significant improvements in
MPD (Table 2). Higher education, visits
to health care professionals, and never hav-
ing been a smoker were associated with AL
during follow-up (Table 2).

Diabetes status was related to prospec-
tive tooth loss, and the association was
primarily driven by tooth-loss patterns
among participants with uncontrolled di-
abetes (T2DM or T1DM). Relative to
diabetes-free participants, the risk ratios
(RRs) (95% CI) for any tooth loss among
uncontrolled T2DM or T1DM were 1.36
(1.11–1.67) and 1.93 (1.55–2.39), respec-
tively, and RRs among controlled T2DM or
T1DM were 1.01 (0.79–1.28) and 1.08
(0.67–1.71). Additional adjustment for
baseline AL, but not 5-year AL, changes
attenuated tooth-loss findings; RRs for
any tooth loss among uncontrolled
T2DM or T1DM in models adjusted for
baseline AL were 1.21 (0.98–1.49) and
1.66 (1.27–2.15). Findings were stronger
when predicting the risk of losing more
than one tooth (Supplementary Fig. 2),
particularly among T1DM. The peri-
odontal status of teeth that were lost dur-
ing the 5-year follow-upwas substantially
worse as compared with retained teeth
(Supplementary Table 2).

Figure 1dMean6 SD values of baseline and 5-year follow-up HbA1c by diabetes status in SHIP.
(A high-quality color representation of this figure is available in the online issue.)
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In addition to diabetes status, higher
age, lower education, current (but not
former) smoking, elevated CRP (data not
shown), and baseline AL were also tooth-
loss predictors. A 1-mm increase in baseline
AL was associated with a 25% increased
risk of any tooth loss: RR 1.25 (1.19–1.28).
Change in AL was not associated with in-
cident tooth loss; RR for 1 mm of prospec-
tive AL 1.03 (0.98–1.08).

CONCLUSIONSdWe have found
uncontrolled T1DM and T2DM to be
consistently related to increased rates of
AL progression and tooth loss, whereas
only uncontrolled T2DM was associated
with PD changes.

To our knowledge, these are the first
population-based, longitudinal data that
can comprehensively and simultaneously
examine the influence of both diabetes

etiology and diabetes control on peri-
odontal disease progression rates. Previ-
ous studies on the topic, although
seminal, were limited by a lack of suitable
control groups (i.e., diabetes-free partic-
ipants) (6) or by the inclusion of only
T1DM (7,21) or T2DM (4,9,22) but not
both, precluding a side-by-side compari-
son of periodontal disease progression
among participants free of diabetes or
with T1DM or T2DM. Side-by-side com-
parisons are valuable given the different
etiologies underlying T1DM versus
T2DM and the potential for these under-
lying differences in pathobiology, as op-
posed to diabetes-related consequences
such as hyperglycemia, to explain adverse
periodontal outcomes. Moreover, previ-
ous research has often been limited to
small, clinically based samples with lim-
ited external generalizability as well as
limited multivariable modeling to remove
confounding. Collectively, these limita-
tions are particularly important for the
question under study because it is not
ethical or feasible to conduct randomized
controlled trials to examine the influence
of diabetes etiology or HbA1c control (i.e.,
these exposures cannot be randomized)
on periodontal pathology. Therefore, we
must rely on data from high-quality, lon-
gitudinal, observational studies. This in-
formation is important for dentists and
physicians to best determine how care-
fully patients with uncontrolled diabetes
should be monitored to prevent progres-
sion of periodontal disease and tooth loss.

The finding that only uncontrolled
T1DM and T2DM were statistically signif-
icantly associated with progression of peri-
odontal disease is consistent with previous
studies examining glycemic control and
progression of periodontal disease. Our
current findings add importantly to pre-
vious literature by utilizing a more con-
temporary HbA1c cut point of 7.0% to
define controlled versus uncontrolled dia-
betes (17); previous studies have used an
HbA1c cut point of 9.0% (9,22). In doing
so, the current findings from SHIP suggest
that maintaining HbA1c as low as 7.0% is
potentially important for reducing the risk
for adverse periodontal outcomes.

The underlying biological mecha-
nisms that might explain elevated risk of
periodontal disease progression among
individuals with diabetes have been ex-
tensively studied in animal models. Re-
search to date implicates one or a
combination of the following three mech-
anisms as recently summarized (10): 1) a
hyperinflammatory response to infection,

Figure 2dFive-year change in either MPD (P for any difference = 0.09) (A) or MAL (P for any
difference = 0.09) (B) according to diabetes status. Adjusted for age, sex, smoking, waist-to-hip
ratio, and education. Error bars represent SEs. DM, diabetes mellitus.
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2) uncoupling of bone destruction and re-
pair, and 3) the role of the receptor for
advanced glycation end products. Al-
though our data cannot address the role
of the receptor for advanced glycation end
products, we can make an inference in re-
lation to the first two possibilities of a hy-
perinflammatory response to infection
and/or bone metabolism. In regard to
bone metabolism, multivariable models
including urinary DPD levels had no im-
pact on the current findings, which was
not unexpected because DPD levels were
similar among diabetes-free participants
and those with both controlled and un-
controlled diabetes. SHIP participants
with diabetes demonstrated elevated lev-
els of both hsCRP and WBC, and this
result was more pronounced among
participants with uncontrolled diabetes.
Despite these elevations in systemic in-
flammatory biomarkers, statistical adjust-
ment for both hsCRP and WBC did not
attenuate the association between diabetes
status and periodontal disease change.
This suggests that if a hyperinflammatory
phenotype is a mechanistic intermediate
linking accelerated periodontal destruc-
tion and diabetes, it is likely to be a local-
ized inflammatory response restricted to
the gingival tissues. Alternatively, mea-
sures of generalized systemic inflamma-
tion, such as CRP and WBC, might not
be appropriate epidemiological surrogates

to adequately characterize the “diabetic
hyperinflammatory phenotype” involved
in periodontal destruction.

Uncontrolled diabetes was associated
with mean full-mouth AL increases of
;0.35 mm during 5 years of follow-up.
By extrapolation, this would suggest the
potential for ;1 mm of AL per 15 years
of life lived with uncontrolled diabetes. AL
rates of this nature are likely to be clini-
cally relevant, although it is difficult to
draw strong conclusions regarding the
clinical significance of our findings be-
cause measures of MAL are substantially
diluted by the majority of measured sites
that had little or no disease and experi-
enced no progression. Moreover, teeth
that experience substantial longitudinal
progression in disease are more likely to
be lost during follow-up and unavailable
for longitudinal analysis, which likely
biases findings toward the null. It is also
possible that previous reports concerning
the contribution of diabetes to periodontal
disease progression might have been over-
stated and our current analysis is a more
realistic estimate of the true association.
This is quite possible given the fact that
these results arise from a population-
based sample and that the analysis consid-
ers longitudinal periodontal disease
progression (as opposed to cross-sectional
differences in disease) and controls for a
broad range of putative confounders.

These findings also indicate that un-
controlled diabetes is associatedwith a 1.3–
3.0-fold increase in the risk for prospective
tooth loss. Adjustment for baseline AL
moderately attenuated the association be-
tween uncontrolled diabetes and tooth
loss, suggesting that increased AL levels
among participants with uncontrolled dia-
betes explained a portion of the observed
increased tooth-loss risk. The substantial
elevations in mean AL among teeth that
were lost during follow-up (see RESULTS)
support the role of periodontal pathology
in tooth loss. However, no firm conclu-
sions can be drawn about the meditational
role of periodontal disease without specific
information regarding the indication for
tooth extraction or other reasons for tooth
loss. Another explanation for the high
tooth-loss rate observed among uncon-
trolled diabetes might be failing endodon-
tic treatment or periapical inflammation
(23). Unfortunately, we do not have any
information about the endodontic and the
periapical situation in our sample.

SHIP data support the hypothesis of a
bidirectional relationship between peri-
odontal infection and diabetes, which has
been detailed extensively in the literature
(8,11,24). Original discussions on the topic
were supported by well-articulated epide-
miological arguments based on a compre-
hensive review of the literature showing
diabetes–periodontal disease associations

Table 1dAdjusted mean 6 SE absolute periodontal disease change by diabetes status: SHIP, 1997–2006

Model
No diabetes
(n = 2,280)

Incident T2DM
(n = 79)

T2DM, controlled
(n = 80)

T2DM, uncontrolled
(n = 72)

T1DM, controlled
(n = 43)

T1DM, uncontrolled
(n = 72) P value*

DMPD
1 20.07 6 0.01 20.05 6 0.06 20.11 6 0.06 0.00 6 0.06 0.01 6 0.08 20.02 6 0.06 0.63
2 20.07 6 0.01 0.01 6 0.06 20.03 6 0.06 0.08 6 0.06 20.03 6 0.08 20.05 6 0.06 0.12
3 20.07 6 0.01 0.02 6 0.05 20.04 6 0.05 0.16 6 0.06 20.02 6 0.07 0.01 6 0.05 0.009
4 20.07 6 0.01 0.04 6 0.06 20.02 6 0.06 0.02 6 0.06 20.02 6 0.08 20.06 6 0.06 0.26
5 20.07 6 0.01 0.01 6 0.06 20.03 6 0.06 0.08 6 0.06 20.03 6 0.08 20.05 6 0.06 0.13
6 20.07 6 0.01 0.01 6 0.06 20.02 6 0.06 0.09 6 0.06 20.03 6 0.08 20.05 6 0.06 0.11
7 20.07 6 0.01 0.01 6 0.06 20.02 6 0.06 0.11 6 0.06 20.03 6 0.08 20.04 6 0.06 0.07
8 20.06 6 0.01 0.02 6 0.06 20.03 6 0.06 0.06 6 0.06 NA NA 0.12

DMAL
1 0.05 6 0.02 0.18 6 0.12 0.09 6 0.11 0.36 6 0.12 0.19 6 0.16 0.46 6 0.12 0.003
2 0.05 6 0.02 0.20 6 0.12 0.12 6 0.12 0.40 6 0.12 0.17 6 0.16 0.40 6 0.12 0.005
3 0.02 6 0.02 0.20 6 0.11 0.12 6 0.11 0.44 6 0.13 0.21 6 0.15 0.46 6 0.12 ,0.0001
4 0.05 6 0.02 0.20 6 0.12 0.13 6 0.12 0.33 6 0.13 0.15 6 0.16 0.40 6 0.12 0.01
5 0.05 6 0.02 0.18 6 0.12 0.13 6 0.12 0.39 6 0.12 0.18 6 0.16 0.39 6 0.12 0.006
6 0.05 6 0.02 0.21 6 0.12 0.14 6 0.12 0.41 6 0.12 0.18 6 0.16 0.40 6 0.12 0.003
7 0.03 6 0.02 0.19 6 0.12 0.12 6 0.12 0.38 6 0.13 0.18 6 0.15 0.40 6 0.12 0.002
8 0.07 6 0.02 0.16 6 0.12 0.08 6 0.12 0.42 6 0.12 NA NA 0.04

Model 1, unadjusted; model 2, adjusted for age, sex, smoking, waist-to-hip ratio, and education; model 3, model 2 + baseline periodontal disease; model 4, model 2 +
5-year HbA1c change; model 5, model 2 + visited dentist in previous year; model 6: model 2 + visited physician in previous year; model 7, model 2 + hsCRP andWBC
count; model 8, model 2 + urinary DPD excretion. Controlled diabetes defined as HbA1c , 7.0%. NA, not applicable (participants with T1DM do not have urinary
DPD excretion data). *P for any difference (5 df).
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to be consistent in multiple contexts (i.e.,
cross-sectionally and longitudinally, with
periodontal disease as both predictor and
consequence of poorly controlled diabetes).
In support of this work, the current report,
in combination with previously published
SHIPdata, succinctly demonstratesmultiple
perspectives of the bidirectional hypothesis
arising from the same study population.
Specifically, SHIP has shown that 1) peri-
odontal disease is associated with elevated
HbA1c levels cross-sectionally (25) and pre-
dicts prospective HbA1c progression longi-
tudinally among diabetes-free participants
(26), thereby bolstering other reports
showing periodontal disease to predict di-
abetes development longitudinally (27);

2) diabetes status is associated with
cross-sectional levels of periodontal dis-
ease (28); and 3) uncontrolled diabetes is
associated with periodontal disease pro-
gression (current data).

These findings bolster the notion that
tight control of diabetes status may prevent
progression of periodontal disease and
suggest the value of increased communica-
tion between the dental and medical pro-
fessionals in enhancing overall patient
health. Dentists and physicians alike should
be aware that diabetes and periodontal
diseases are common comorbidities and
be able to communicate these risks to
patients and make appropriate referrals
(i.e., dentists referring to physicians for

diabetes screening and physicians to den-
tists for periodontal disease screening) (29).

Although the use of half-mouth ex-
aminations and a lack of radiographic
assessments has the potential to underes-
timate periodontal disease, our use of
relative outcomes (e.g., mean AL vs.
absolute number of sites per mouth with
severe AL) minimizes this problem, as
relative measures are less likely to be
biased than absolute measures of peri-
odontal disease (30,31). Our ability to ex-
plore evidence supporting inflammatory
mediators of disease was limited by the
fact that we only have two markers of sys-
temic inflammation collected at baseline.
Additionally, we could not account for
changes in body fat composition during
follow-up, and given the previous find-
ings of associations between obesity,
inflammation, and periodontal disease
(32–34) independent of diabetes status,
it is possible that the evolution of body
composition might further explain asso-
ciations between diabetes status and peri-
odontal disease. Future studies that can
prospectively collect a broader range of in-
flammatory biomarkers as well as lon-
gitudinal changes in body fat composition
will be informative.

We have found uncontrolled T1DM
and T2DM to be associated with declining
periodontal health during 5 years of longi-
tudinal follow-up in a population-based
sample of adult men and women in
Germany. These findings were consistent
after robust adjustment for periodontal
disease risk factors. Thedata do not provide
strong support for the biological hypoth-
esis that a hyperinflammatory response to
infection or abnormal bone metabolism
mediates the associations observed, al-
though more focused mechanistic studies
are necessary to adequately address this
possibility. These findings substantially
advance previous research in this area
as a result of the strong design features,
including a large, relatively homogenous
population-based sample, longitudinal
data collection, robust multivariable sta-
tistical models, and the concurrent ex-
amination of both T1DM and T2DM
alongside diabetes-free participants.
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Table 2dFive-year DMPD and DMAL estimates derived from multivariable regression
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Variable
Increase in baseline risk

factor level* DMPD estimate DMAL estimate

Waist-to-hip ratio 0.09 20.03 20.03
CRP 1 mg/dL 20.005† 0.00
WBC count 1 3 109 cells/L 20.01† 20.01
Age (years)
50–59 Reference Reference
20–29 0.16† 0.24†
30–39 0.15† 0.18†
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Yes Reference Reference
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Physician visit in last year
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Diabetes status
No diabetes Reference Reference
Incident T2DM 0.07 0.14
Controlled T2DM 0.04 0.09
Uncontrolled T2DM 0.18† 0.37†
Controlled T1DM 0.04 0.15
Uncontrolled T1DM 0.04 0.37†

Participants missing data for either CRP or physician visit in previous year were excluded (n = 131). *Esti-
mates correspond to the specified change in continuous variables (e.g., for a 14-year increase in baseline age,
5-year change in AL was 20.04 mm); change for categorical variables is in comparison with the reference
category. †P , 0.05.
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