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Background: Patients with diabetes have increased incidence
and severity of periodontal disease not accounted for by differ-
ences in the subgingival microbial infection. Poor glycemic con-
trol has been consistently associated with periodontal disease
severity. Also, recent evidence suggests that hyperglycemia may
induce inflammatory cytokine production. Few studies, however,
have examined local biochemical measures of periodontal inflam-
mation in patients with type 2 diabetes. The aim of this study
was to determine whether glycemic control was related to gin-
gival crevicular fluid (GCF) levels of interleukin-1p (IL-1f).

Methods: GCF samples were collected from 45 patients with
type 2 diabetes and untreated chronic periodontitis. Plaque index
(PI), bleeding on probing (BOP), probing depth (PD), and attach-
ment level (AL) were recorded at six sites per tooth. IL-1p levels
were determined from individual GCF samples by enzyme-linked
immunoabsorbent assay (ELISA). Individual site and mean
patient values were calculated. Glycated hemoglobin (HbA;.)
levels were measured from anticoagulated whole blood using
an automated affinity chromatography system. Serum glucose
was also determined.

Results: Clinical periodontal measures (PD, AL, BOP) and mea-
sures of glycemic control (HbA1lc, random glucose) were signifi-
cantly correlated with GCF IL-1p. Patients with greater than 8%
HbA1lc had significantly higher mean GCF IL-1p levels than pa-
tients with less than 8% HbA1c. In a multivariate model adjusting for
age, gender, PD, AL, BOP, and PI, HbA1lc and random glucose were
independent predictors of high GCF IL-1.

Conclusions: Poor glycemic control is associated with ele-
vated GCF IL-1f. These data are consistent with the hypothesis
that hyperglycemia contributes to an heightened inflammatory
response, and suggests a mechanism to account for the associa-
tion between poor glycemic control and periodontal destruction.
J Periodontol 2004;75:1203-1208.
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atients with type 2 diabetes have
Pgreater incidence and severity of

periodontal disease than those with-
out diabetes.!* Hyperglycemia has been
thought to play a role in periodontal dis-
ease incidence and prevalence.!® Pa-
tients with relatively good glycemic control
are less prone to periodontal destruction
in longitudinal studies.” Recently an
analysis of the National Health and Nutri-
tion Examination Survey (NHANES) III
data showed that poor glycemic control
in type 2 diabetes patients was associ-
ated with greater severity of periodontitis.?
Early efforts to determine mechanisms
that account for increased occurrence of
periodontitis in diabetes mellitus focused
on differences in the periodontal micro-
flora. One report suggested that hyper-
glycemia was associated with an altered
subgingival microbiota.® However, sub-
sequent studies failed to identify differ-
ences in specific periodontal pathogens
in subjects with diabetes when compared
with non-diabetic subjects.!®11 Studies
have since focused on the host response
as a means of characterizing the peri-
odontal disease of diabetic individuals.
In that regard, IL-1 is biologically active
in low concentrations and is a potent
bone resorptive cytokine.!? Elevated lev-
els of IL-1 in the gingival crevicular
fluid'3-17 and gingival tissues!®19 have
been associated with chronic periodon-
titis. Several clinical studies have demon-
strated elevated inflammatory mediators,
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including IL-1, in the GCF of patients with type 1 dia-
betes compared with non-diabetic subjects.??-23 It is
plausible to suggest that elevated IL-1 expression in
patients with diabetes may be related to the increased
severity of periodontitis observed in these patients.
However, there has been only limited investigation of
the relationship of glycemic control to the level of
inflammatory mediators associated with periodontitis
seen in patients with diabetes.

The purpose of this study was to investigate the effects
of periodontal disease severity and glycemic control on
levels of IL-1B in GCF of patients with type 2 diabetes.

MATERIALS AND METHODS

Study Population

The patient population of this study consisted of 45 adult
patients recruited during routine medical care visits from
an outpatient diabetes center (Naomi Berrie Diabetes
Center, Columbia University Health Sciences Center,
New York, New York). All subjects were diagnosed with
type 2 diabetes at least 6 months previously using stan-
dard WHO criteria, and were being treated with stable
doses of oral hypoglycemic agents and/or insulin. For
entry to the study, patients also required a diagnosis of
chronic periodontitis for which non-surgical treatment
was indicated. An intraoral radiographic series was used
to confirm this diagnosis. Exclusion criteria included preg-
nancy or lactation, HIV infection, bleeding disorders, or
immunosuppressive chemotherapy.

This study was approved by the Institutional Review
Board at Columbia University Health Sciences Center,
and written informed consent was obtained from all
patients.

GCF Collection

The clinical evaluation was preceded by collection of GCF
as previously described®*2° from the mesio-lingual and
mesio-buccal surfaces of the first molar tooth in each
quadrant. Where the first molar was absent, the second
molar was sampled. If both the first and second molar
were missing, the second premolar was sampled. If
there were no posterior teeth in a quadrant, no sample
was taken from that quadrant. Briefly, teeth were air-dried
and isolated with cotton rolls, supragingival plaque was
gently removed, and GCF was sampled with precut
methylcellulose filter paper strips for 30 seconds. Strips
were measured for fluid volumeT then removed to sepa-
rate microcentrifuge tubes containing 50 pul phosphate
buffered saline-Tween 20. The tubes were stored at —20°C
until eluted (maximum 48 hours). Following elution, each
GCF sample was analyzed separately.

Clinical Measures

Clinical data included probing depth (PD), attachment
level (AL), plaque index (PI), and bleeding on probing
(BOP) and were collected at six sites per tooth. PD man-
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ually determined was defined as the distance in millime-
ters from the coronal-most margin of the free gingiva to
the most apical penetration of the North Carolina probe.
AL was defined as the distance from the cemento-enamel
junction to the most apical penetration of the probe. The
presence of supragingival plaque was recorded dichoto-
mously during PD measurements. Bleeding on probing
within 20 seconds was recorded dichotomously.

Analysis of IL-1B in GCF

GCF samples were analyzed for IL-1B using a com-
mercially available enzyme-linked immunosorbant
assay.t This assay is a sandwich ELISA and was per-
formed according to manufacturer’s instructions using
human recombinant standards. Results are reported
as total amount of IL-1B (in pg = SD) per 30 second
sample as described previously!? and expressed as
pg/sample. Where IL-1 levels are compared between
patient groups, mean whole mouth values are used.

HbAlc

Glycated hemoglobin (HbAlc) levels were measured
from freshly drawn anticoagulated whole blood using an
automated affinity chromatography system.8 Serum glu-
cose was determined by the glucose oxidase method.|
Since subjects were seen at various times throughout
the day, these are random glucose samples.

Statistical Analysis

Since GCF IL-1B it is not normally distributed, Spearman
correlation was used to calculate correlation coefficients
between mean patient GCF IL-1p and PD, AL, BOP,
plaque, HbAlc, and serum glucose. In order to compare
the GCF IL-1p levels of groups of different glycemic
control, we dichotomized subjects based on having an
HbAlc value >8% or <8% and used the Mann-Whitney
U test to compare non-normally distributed continuous
variables. The association of GCF IL-1B with hyper-
glycemia was also evaluated by multivariate logistic
regression analysis. Adjustments were made for clinical
periodontal parameters and other pertinent variables
(age, gender, HbAlc). The dependent variable IL-1(
was categorized as greater than or equal to the median
value (Ln[IL-1B] >50%). Adjusted odds ratios and 95%
confidence intervals were calculated. All analyses were
performed using a statistical software package.!

RESULTS

Study Population
The patients were approximately evenly divided between
male and female and tended to be older adults with a

T Periotron 6000, Interstate Drug Exchange, Amityville, NY.
# Multikine Kit, Cistron Biotechnology, Pine Brook, NJ.

§ BioRad Micromat II, Hercules, CA.

| Roche Diagnostics, Basel, Switzerland.

9| Statview Version 5.0, SAS Institute, Cary, NC.
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Table I.
Study Population Characteristics (N = 45)

Mean £ SD Range
Age (years) 540+£938 32-69
Gender (% female) 55%
Mean PD (mm) 335+0.79 227-5.31
Sampled site PD (mm) 427 £097 2.63-7.63
Mean AL (mm) 405+ 127 2.48-7.62
Plaque (%) 772+23 [4.6-100
BOP (%) 559+27.1 12.8-100
HbAlc (%) 782+ 196 4.7-12.0
Years since diagnosis of diabetes 9.08 £9.49 0.5-48.0

mean age of 54. Other demographic and clinical
parameters (mean + standard deviation) are provided
in Table 1.

GCF IL-1B

A total of 176 GCF samples were collected. Our study
design called for the collection of samples from each
of four first molar sites. Because of missing teeth, the
number of samples collected were: four samples from
42 subjects, three samples from two subjects, and two
samples from one subject. GCF levels of IL-1 demon-
strated a significant positive correlation with mean
probing depth (r=0.613, P <0.0001), mean clinical
attachment loss (r = 0.587, P=0.0001), percentage of
sites exhibiting bleeding on probing (%BOP) (r = 0.424,
P=0.006), %HbAlc (r=0.371, P=0.01), and random
serum glucose (r = 0.490, P=0.002), but not percent-
age of sites exhibiting plaque (%plaque) (r=0.231, P=
0.14). We then compared patients according to their rela-
tive glycemic control using the Mann-Whitney U test.
Table 2 illustrates the results when HbAlc was cate-
gorized as <8% or >8%. Total amounts of GCF IL-1B
were significantly higher in those with greater than 8%
HbAlc (P=0.01), while only a trend (P=0.14) was seen
for GCF concentrations of GCF IL-1p.

In a multivariate model, using above median GCF
IL-1B as the dependent variable, HbAlc remained a
significant predictor of GCF IL-1f after adjusting for AL,
BOP, PI, age, and gender (adjusted odds ratio [OR], 2.19;
95% confidence interval [CI], 1.24 to 3.87) (Table 3).
When probing depth of the sampled site was used as
an independent variable in place of AL, HbAlc
remained a significant predictor of GCF IL-1B (adjusted
OR, 1.79; 95% ClI, 1.09 to 2.94). Random serum glu-
cose was substituted for HbAlc in the multivariate

Table 2.

A Comparison of Median (interquartile
range) Patient GCF IL-1p Levels in Total
Amount (pg/sample) and Concentration
(pg/ul), by Glycemic Control Status

GCF IL-1B (pg/sample) GCF IL-1B (pg/ul)

Al subjects 702 (332-107.2) 67.0 (40.7-933)
HbA I c <8% 49.1 (18.3-80) 55.8 (32.3-79.3)
HbA I c >8% 89.0 (61.7-1163)* 77.6 (54.7-100.5)
* P=0.01.
Table 3.

Multivariate Model Using Median GCF IL-1
(Table 2) as the Dependent Variable
(Ln[IL-1] >50%)

Odds

Coefficient ~ Ratio 95% Cl P Value
Mean AL (mm) 223 447 [.21-16.53 0.0246
BOP (%) -0.997 0.09 0.001-9.65 03170
Plaque (%) 0.959 7.6 0.12-47125  0.3369
HbAlc 2.69 2.19 1.24-3.87 0.0071
Age 0.170 008  0919-1.106 0.8586
Female gender 0.700 .78 0.352-9.031 0.4846

model and likewise was associated with above median
GCF IL-1B (adjusted OR, 1.02; 95% ClI, 1.007 to 1.039),
but not as strongly as HbAlc.

DISCUSSION

Our study found that hyperglycemia is independently
associated with high GCF levels of IL-1B in patients
with type 2 diabetes and chronic periodontitis. Previ-
ous studies!416:17.19 have shown that GCF IL-1p is
strongly related to periodontal clinical parameters, par-
ticularly probing depth of the sampled site. Nonethe-
less, in this study even when including periodontal
clinical measures in the multivariate model, hyper-
glycemia was a significant contributor to GCF IL-1p.
Also, glycemia levels were positively associated with
GCF IL-1P regardless of whether the glucose mea-
surement reflected the actual blood level at the time of
GCF sampling (random serum glucose) or the longer-
term measure of glycemic control, HbAlc. While both
measures were significant predictors of GCF IL-1(,
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HbAlc was a much stronger predictor of GCF IL-1
than random glucose. These results suggest an altered
host response to microbial infection in diabetic subjects
mediated, at least in part, by hyperglycemia.

Hyperglycemia has been thought to play a role in
periodontal disease incidence and prevalence.!>° It
has been found that patients with relatively good
glycemic control are less prone to periodontal destruc-
tion in longitudinal studies.” Recent analysis of the
NHANES Ill data showed that worse glycemic control
in type 2 diabetes patients was associated with more
severe periodontitis.® The findings of the current study
are consistent with these reports.

Our finding of elevated IL-1f in the GCF of patients
with type 2 diabetes and poor glycemic control is con-
sistent with a previous study of type 1 diabetes by
Salvi et al.?! In that study, significantly elevated IL-1p
and prostaglandin E; levels were found in the GCF of
patients with diabetes compared with non-diabetic con-
trol subjects regardless of periodontal disease severity.
However, that study did not find a correlation between
GCF IL-1 and HbA1lc, which is inconsistent with our
study. Our results are also consistent with those of
Cutler et al.?> who showed a trend for increased GCF
IL-1B with diminished glycemic control in subjects with
diabetes. That study also provided some evidence that
systemic levels of triglycerides may be associated with
elevated GCF IL-1B. Losche et al.? also found elevated
circulating lipid levels in subjects with periodontitis,
which is consistent with the findings of Cutler et al.?3
Our study did not examine the role of hyperlipidemia
in GCF IL-1p levels; hence, we could not evaluate the
relative contribution of lipids in our multivariate model.
Certainly larger studies are needed to address both the
role of hyperlipidemia and hyperglycemia in gingival
inflammation.

A hyperresponsive monocytic trait has been pro-
posed by Salvi et al.?!?? as an explanation for elevated
cytokine levels found in type 1 diabetes patients. This
hypothesis holds that a heightened inflammatory
response, either as a result of gene polymorphism or
hyperglycemia, causes a heightened monocyte release
of inflammatory mediators. While it is possible that
genetic polymorphisms in the production of proinflam-
matory cytokines contribute to diabetes-related peri-
odontitis, to our knowledge no specific gene or genotype
has been tested thus far. Our study supports the con-
cept that hyperglycemia influences elevated inflam-
matory mediators in GCF and does not rule out the
possibility that a hyperresponsive monocyte trait is
also present in type 2 diabetes patients.

An alternative hypothesis to the hyperresponsive
monocytic trait theory is that elevated glucose levels
may directly or indirectly lead to a heightened inflam-
matory response. Acute and chronic hyperglycemic
models have been studied. Ex vivo stimulation of mono-
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cytes of human volunteers with solutions high in glu-
cose resulted in increased tumor necrosis factor-o
(TNF-0.) and IL-6.2° A recent human experimental
study by Esposito et al.2” demonstrated that circulating
levels of TNF-a and IL-6 became elevated acutely in
response to a bolus of glucose in healthy and impaired
glucose tolerance individuals. These researchers con-
cluded that acute hyperglycemia raised circulating cyto-
kines through an oxidative mechanism, since an
infusion of the antioxidant glutathione resulted in no
increase of cytokines following a glucose bolus admin-
istration. Hence, there is evidence for increased inflam-
matory mediator activity in the presence of acute
hyperglycemia. In our study, random glucose was sig-
nificantly associated with elevated GCF IL-1f. This find-
ing may indicate that the hyperglycemic excursions in
serum glucose frequently encountered by patients with
diabetes may contribute acutely to GCF IL-1f levels.
The effects of chronic hyperglycemia on inflamma-
tory mediators are also well documented. Clinical and
animal studies have shown that chronic hyperglycemia
is associated with increased inflammatory mediator
levels.?8-35 A mechanism to account for this finding
involves the non-enzymatic glycation of tissue proteins
and the production of advanced glycation end products
(AGESs).%® Hyperglycemia results in reversible and irre-
versible change to the host including formation of
AGEs. Receptors for AGEs (RAGE) have been identi-
fied. AGE formation and AGE-RAGE interaction at the
cell surface of endothelial cells and mononuclear phago-
cytes have been shown to generate reactive oxygen
intermediates?® and enhance the expression of proin-
flammatory cytokines3? through a mechanism involv-
ing the nuclear transcription factor kappa B (NF-«B).
AGE-RAGE interactions have been shown in vitro to
upregulate NF-kB associated gene products?® which
include vascular cell adhesion molecule3'and proin-
flammatory cytokines.3?> RAGE is present in the gingi-
val tissues and has been linked to oxidative stress.33
We reason that if AGE-RAGE interactions are taking
place within the gingival tissues, then a heightened
cytokine response should differentiate patients with
more pronounced hyperglycemia. Since RAGE recep-
tors are present on mononuclear phagocytes,3* AGE-
RAGE interactions in the tissues of diabetic subjects
may account for a heightened inflammatory response.3?
Hence, our finding that GCF IL-1p is increased in sub-
jects with worse glycemic control is not unexpected.
Our study found that elevated HbAlc was associated
with GCF IL-1B, which is consistent with a role for
chronic hyperglycemia in the production of gingival
inflammation. Since chronic hyperglycemia can lead
to the non-enzymatic glycation of tissue proteins, gly-
cation of tissue protein may contribute to pathologic
vascular change and subsequent tissue damage.3*
While not an AGE itself, HbAlc is a measure of hemo-
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globin glycation, and as such is a measure of chronic
hyperglycemia.

Elevated IL-1 represents, in part, a plausible expla-
nation for the increased incidence and severity of
periodontal disease in patients with diabetes. The rela-
tionship of poor glycemic control to GCF IL-1p requires
further study in light of the current findings. Other
cytokines are likely to play a role in this regard as
well. One limitation of the present study is that only
small amounts of GCF can be collected at one visit.
The small volume of GCF sample limits the number
of inflammatory mediators that can be reliably mea-
sured. Clearly there is a need for GCF testing tech-
nologies which could measure many inflammatory
mediators simultaneously from such very small fluid
volumes. Another limitation of this study is that test-
ing was not done for genetic polymorphisms. Future
studies should consider genetic variation in IL-10, and
other inflammatory mediator expression.

Our study was designed to sample predetermined
anatomic locations within the periodontium rather than
the most inflamed or deepest sites. Shallow, medium,
and deep probing depths were encountered in this
study so that sites with clinically different characteris-
tics could be compared. Sampling only inflamed or
deepest sites may give an inaccurate profile of inflam-
matory mediators since probing depth and clinical
inflammation are strongly associated with IL-1p.17:36
Any description of inflammatory mediators in the GCF
from diseased periodontium should, therefore, con-
sider the probing depth of the sampled site.

Also, the current finding of elevated GCF IL-1f in
diabetic subjects with poor glycemic control raises the
possibility of the converse; namely, that local gingival
inflammation may adversely influence the glycemic
control of patients with diabetes. An excellent review
of the complex association between inflammation,
hyperlipidemia, and hyperglycemia was recently pub-
lished.3” Whether inflammation precedes clinical dia-
betes is an intriguing proposition. This question has
been addressed in at least one large cohort study.3®
Results reported by the Atherosclerosis Risk in Com-
munities Study investigators indicate that baseline lev-
els of inflammatory mediators in serum were significant
predictors of incident diabetes at the 7-year follow-up.38
This association was found even after adjusting for
baseline fasting glucose levels. The authors concluded
that inflammation may precede development of dia-
betes. Their data support the hypothesis that host
inflammation may contribute to hyperglycemia. It is
conceivable that elevated GCF IL-1p may contribute
to hyperglycemia. At least one human study has exam-
ined the issue of whether chronic periodontitis infuences
circulating lipid and glucose levels.? Losche et al.”
reported increased levels of serum glucose in non-
diabetic subjects with periodontitis compared with age-

and gender-matched non-diabetic subjects without peri-
odontitis. The question of whether gingival inflam-
mation contributes to hyperglycemia in patients with
diabetes needs to be addressed in future interventional
studies.

In summary, our data indicate a significant increase
in GCF inflammatory mediator levels among patients
with type 2 diabetes and poor glycemic control. Hyper-
glycemia may, in part, explain the increased incidence
and severity of periodontal disease among type 2 dia-
betes patients.
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