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Abstract
Objectives: Polymorphonuclear neutrophil (PMN) dysfunction is associated with
diabetes. We examined the gingival crevicular fluid (GCF) b-glucuronidase (BG) and
interleukin-8 (IL-8) levels of periodontitis patients with and without type 2 diabetes
mellitus (DM).

Material and methods: Forty five adults with type 2 DM and 32 adults without DM,
both with chronic periodontitis were enrolled. GCF was collected from eight posterior
sites in each quadrant, and periodontal parameters were recorded. GCF was assayed for
IL-8 by ELISA and BG by a flourometric assay.

Results: GCF IL-8 was positively correlated with probing depth (PD), and GCF BG
but not clinical attachment level (CAL), bleeding on probing (BOP), or plaque index
(PI). In contrast, GCF BG was strongly correlated with each of the clinical measures of
periodontal disease. Subjects with DM significantly lower levels of both BG (73.0 �
44.8 versus 121.9 � 84.6 pg/sample; p 5 0.002) and IL-8 (32.1 � 33.1 versus 90.8 �
83.2 pg/sample; po0.0001) even after adjustments for age, gender, PD, CAL, BOP,
and PI. Neither BG nor IL-8 was correlated with HbA1c levels in subjects with DM.

Conclusion: These data suggest that an inadequate local response by PMN, partially
explained by an altered chemokine gradient, may contribute to periodontal disease in
patients with type 2 DM.
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Individuals with type 2 diabetes mellitus
(DM) have greater incidence and sever-
ity of periodontal disease than indivi-
duals without DM of similar age
(Tervonen & Knuuttila 1986, Oliver &
Tervonen 1993, Taylor et al. 1996, Tsai
et al. 2002). While the pathogenesis of
diabetes-related periodontitis is not fully
defined (Soskolne & Klinger 2001),
polymorphonuclear neutrophil (PMN)
chemotaxis (Iacono et al. 1985), phago-
cytosis (Delamaire et al. 1998), oxida-
tive burst (Karima et al. 2005), and
killing ability (Sawant 1993) have been
reported to be altered in the hypergly-
cemic state (Esposito et al. 2002). Given
the important role of the PMN in perio-
dontal homeostasis (Lamster & Novak
1992), an altered or impaired PMN
function may partially explain the

increased susceptibility to periodontitis
experienced by people with diabetes.
However, the evidence for an altered
PMN functionality in diabetes has been
inconsistent. Diminished (Kjersem et al.
1988, Noritake et al. 1992, Sawant
1993), normal (McManus et al. 2001),
or exuberant (Noack et al. 2000, Karima
et al. 2005) PMN function have both
been reported. This inconsistency of
findings can partially be explained by
noting that these studies examine differ-
ent aspects of PMN function e.g. che-
motaxis, respiratory burst, lysosomal
enzyme release, and phagocytosis (kill-
ing function) (McManus et al. 2001).

Diminished killing capacity of PMN
derived from DM subjects may be due
to defective PMN chemotaxis (Mowat
& Baum 1975, Iacono et al. 1985, Cutler

et al. 1991, Delamaire et al. 1998) or
release of PMN granules as reported by
Muchova et al. (1999). Hyperglycemia
leads to increased PMN superoxide pro-
duction (Lin et al. 1995, Karima et al.
2005), and oxidative stress in the dia-
betic state may augment existing
chronic inflammatory diseases, such
as periodontitis (Schmidt et al. 1996),
asthma (Lin et al. 1995), and cardiovas-
cular disease (Schmidt et al. 1994). This
observation was recently confirmed and
expanded by Karima et al. (2005) in a
report that also suggests a mechanism
whereby hyperglycemia leads to ele-
vated protein kinase C activity result-
ing in increased phosphorylation of
p47-phox and O2 release.

The role of PMN phagocytosis and
killing in periodontitis associated with
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diabetes is less clear. Primary granule
contents of subjects with DM appear to
be similar to those of controls without
DM (Sawant 1993) but granule release
is diminished (Advani et al. 2002, Col-
lison et al. 2002). In spite of enhanced
superoxide production by PMN from
subjects with DM, reduced bactericidal
activity has been observed (Kjersem
et al. 1988, Gallacher et al. 1995, Collison
et al. 2002). PMN from subjects with
DM have been noted to have increased
adherence to endothelium, and sponta-
neous activation (Delamaire et al. 1998),
that may render them ineffective to
a microbial challenge. Advani et al.
(2002) have proposed a mechanism for
defective granule release in PMN from
subjects with DM whereby defective
actin polymerization leads to persistent
CD11b expression.

b-Glucuronidase (BG) is an acid
hydrolase released by primary granules
of PMN in response to stimuli such as
N-formyl–methionyl–leucyl–phenylala-
nine, platelet-activating factor, anaphy-
lotoxin C5a, leukotriene B4, and
interleukin-8 (IL-8) (Harper et al.
1989). Increased levels of BG in gingi-
val crevicular fluid (GCF) have been
associated with increased risk for perio-
dontal attachment loss in systemically
healthy individuals (Lamster et al. 1995,
Grbic et al. 1999), and are strongly
correlated with probing depth (PD). To
date, only one study has evaluated BG in
the GCF of subjects with diabetes. Oli-
ver and colleagues found that increased
BG levels were associated with poor
glycemic control (Oliver & Tervonen
1993). However, that study did not con-
trol for PD at the sampled site (Lamster
et al. 1991), which is a strong predictor
of GCF BG. Hence, it remains unclear
whether diabetes patients with perio-
dontitis are qualitatively different with
regards to levels of GCF BG.

IL-8 is a chemokine important for
PMN recruitment and also for PMN
priming. IL-8 transcript has been shown
histologically to be tightly linked to the
recruitment of PMN to the gingival
sulcus (Tonetti et al. 1994). IL-1 induces
IL-8, and GCF IL-8 is known to be
correlated with IL-1 (Payne et al.
1993), and with periodontal clinical
parameters (Tsai et al. 1995, Gianno-
poulou et al. 2003). A deficient or
ineffective chemokine gradient may
impair PMN response to pathogens and
confer increased susceptibility to perio-
dontitis (Mathur et al. 1996, Chung et al.
1997, Ozmeric et al. 1998, Gainet et al.

1999, Figueredo & Gustafsson 2000,
Gamonal et al. 2000). For example,
IL-8 secretion is impaired in the urine
of women with DM and asymptomatic
bacteriuria compared with women with-
out DM (Geerlings et al. 2000). Inter-
estingly, urinary tract infections are also
more prevalent in patients with diabetes.
Hence, an altered chemokine gradient in
the GCF of DM patients with perio-
dontitis might result in a diminished
PMN barrier function and lead to
increased attachment loss. To date how-
ever, there is little information regarding
markers of PMN function in the GCF of
periodontitis patients with type 2 DM.

The purpose of this study was to
examine and compare the GCF BG
and IL-8 levels of patients with similar
chronic periodontitis severity, with and
without type 2 DM.

Materials and Methods

Patient selection

Forty-five subjects with type 2 DM and
32 subjects without diabetes took part in
this cross-sectional study. All subjects
had a diagnosis of moderate to severe
periodontitis. The enrollment criteria
were as follows: at least 20 teeth; two
sites of X5 mm clinical attachment loss
in each quadrant; no antibiotic usage
within 6 months; not a regular user of
non-steroidal anti-inflammatory drugs
(NSAIDs). A subject was considered a
non-smoker if he or she had never
smoked, or had stopped smoking more
than 5 years previous to the date of
examination and had a pack-year history
of less than 10. Additional exclusion
criteria were: pregnancy or lactation,
HIV infection, bleeding disorders, or
immunosuppressive chemotherapy.

This study was approved by the Insti-
tutional Review Board at Columbia
Presbyterian Medical Center. Informed
consent was obtained from all subjects.

GCF Collection

The clinical evaluation was preceded by
collection of GCF as previously
described from the mesiolingual and
mesiobuccal surfaces of the first molar
tooth in each quadrant (Lamster et al.
1991). If the first molar was absent, the
second molar was sampled. If both the
first and second molar were missing
the second pre-molar was sampled. If
there were no posterior teeth in a quad-
rant no sample was taken from that

quadrant. Briefly, teeth were air-dried
and isolated with cotton rolls, supragin-
gival plaque was gently removed, and
GCF was sampled with pre-cut methyl-
cellulose filter paper strips for 30 s.
Strips were measured for fluid volume
with a calibrated Periotron 6000 (Inter-
state Drug Exchange, Amityville, New
York, USA), then removed to separate
microcentrifuge tubes containing 50mL
phosphate-buffered saline-Tween 20.
The tubes were stored at � 201C until
eluted (maximum 48 h). Following elu-
tion, each GCF sample was analysed
separately.

Clinical measures

Clinical data included PD, clinical
attachment level (CAL), supragingival
plaque, and bleeding on probing (BOP)
and were collected at six sites per tooth.
PD was defined as the distance in milli-
metres from the coronal-most margin of
the free gingiva to the most apical
penetration of the Michigan-O probe.
CAL was defined as the distance from
the cemento-enamel junction to the most
apical penetration of the Michigan-O
probe. The presence of supragingival
plaque was recorded dichotomously dur-
ing PD measurements. BOP within 20 s
was also recorded dichotomously.

Analysis of GCF samples for IL-8 and BG

GCF samples were analysed for IL-8
using a commercially available enzyme-
linked immunosorbant assay (R&D Sys-
tems, Minneapolis, MN, USA). This
assay is a sandwich ELISA and was
performed according to manufacturer’s
instructions using human recombinant
standards. Results are reported as total
amount of IL-8 (in pg � SD) per 30 s
sample, and concentration as described
previously (Lamster et al. 1996, Engeb-
retson et al. 1999). Levels of BG were
measured as previously described
(Lamster et al. 1991). Briefly, BG is
measured by using a fluorometric assay
utilizing a synthetic substrate that emits
fluorescence when cleaved by BG. The
assay is highly specific for mammalian
BG and the results are expressed as
fluorescence units/sample.

Where BG and IL-8 levels are com-
pared between patient groups, mean
whole-mouth values are used. Where
mediator levels are reported by PD
category, mean values are calculated
for each PD category for each patient.
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Statistical analysis

Means, median and inter-quartile ranges
were calculated. Comparisons for contin-
uous variables were made with parametric
and non-parametric tests. Categorical
variables were compared with tests of
proportions. Linear regression models
were fit to predict GCF BG and IL-8.

Results

Clinical parameters

Of the 77 subjects, 43 (51.5%) were
females. The mean age was 48.7 years
with a range of 25–69 years. Subjects
with diabetes were older than patients
without DM (mean age 54.5 versus 40.6
years; p 5 0.01), otherwise there were
no significant differences between
groups. The two groups were similar
with regards to clinical periodontal para-
meters. Mean GCF volume was higher
in non-diabetic subjects (145.4 � 38.1
versus 117.5 � 30.7 Periotron units/30 s
sample, p 5 0.003, Mann–Whitney test).
In order to test whether GCF volume
was a determining factor for BG and
IL-8, we used log-transformed values in
an ANOVA model. PD of the sampled site
and DM status, but not GCF volume,
were strong predictors of BG and IL-8,
adjusting for age and sex (not shown).
We, therefore, used total amount of
analytes in the analysis. Demographic
and clinical parameters of the indivi-
duals in this study (mean � standard
error) are provided in Table 1.

BG activity

BG activity was present in all sites
tested (range 12.5–408.7 fluorescent
units/30 s sample) and followed a
skewed distribution (Fig. 1). As has
been shown previously, BG was signifi-
cantly correlated with PD of the
sampled site (spearman’s rank correla-
tion, po0.0001) regardless of diabetes
status. Also, mean BG levels were sig-
nificantly correlated with mean CAL
(r5 0.44, p 5 0.0001), PD (r5 0.56,
po0.00001), %BOP (r5 0.47, po
0.00001), but not plaque index (PI)
(r5 0.22, p 5 0.06). The correlations
between periodontal clinical parameters
and BG were seen regardless of diabetes
status (not shown). Mean GCF BG
activity levels were significantly lower
in subjects with DM compared those
without DM (Mann–Whitney, p 5
0.001) (Fig. 2). This was true regardless

of attachment loss severity (Fig. 2). In a
linear regression model with normalized
GCF BG as the dependent variable,
diabetes status and periodontal disease
severity were both strong predictors
for BG adjusting for age and gender
(Table 2).

In contrast with BG, mean GCF IL-8
levels were significantly correlated with
mean CAL (Spearman’s r5 0.40,
p 5 0.02), and PD (r5 0.41, p 5 0.02)
among subjects without DM only. For
DM subjects, there was no association
for GCF IL-8 and CAL (r5 0.21,
p 5 0.18), PD (r5 0.28, p 5 0.07),
%BOP (r5 � 0.0009, p 5 0.99), or PI
(r5 � 0.13, p 5 0.40). GCF IL-8 levels
were significantly lower in DM subjects
compared with subjects without DM
(Mann–Whitney, po0.00001) (Fig. 3).
As with BG, GCF IL-8 levels were
lower in subjects with DM regardless

of periodontitis severity, or PD of the
site sampled.

In a linear regression model with
normalized GCF IL-8 as the dependent
variable, only diabetes status and perio-
dontal disease severity were significant
predictors of IL-8 (adjusting for age,
gender, and BG).

Among all subjects BG and GCF IL-8
were weakly correlated (r5 0.22,
p 5 0.04) with each other. Neither BG
(r5 0.21, p 5 0.17) nor IL-8 (r5
� 0.07, p 5 0.67) was associated with
metabolic control among DM subjects.

Discussion

The major finding of the present study
was that GCF levels of the PMN che-
mokine IL-8, and lysosomal enzyme BG
were significantly lower among adult

Table 1. Characteristics of participants

Characteristic N (%) or mean � SD
(unless otherwise indicated)

DM 45 Non-DM 32 p

Age in years 54.2 � 9.3 42.0 � 10.6 0.001
% female 54 47 0.51
% current smoker 19 16
% former smoker 16 27
Mean whole-mouth attachment loss (mm) 4.0 � 1.3 3.6 � 0.9 0.07
Mean whole-mouth probing depth (mm) 3.3 � 0.8 3.3 � 0.7 0.81
% BOP 56.1 55.8 0.96
% plaque 77.1 69.4 0.12
Mean GCF BG (fluorescent units/sample) 70.7 � 43.7 121.9 � 84.6 0.001
Mean GCF IL-8 (pg/sample) 33.0 � 33.4 90.8 � 83.2 o0.00001

GCF, gingival crevicular fluid; BG, b-glucuronidase; BOP, bleeding on probing; IL-8, interleukin-8.
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Fig. 1. Frequency distribution of mean subject gingival crevicular fluid (GCF) b-glucuroni-
dase and interleukin-8 (IL-8) levels by diabetes status.
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subjects with type 2 DM compared with
subjects without DM of similar perio-
dontal disease severity. GCF volume did
not account for these differences. GCF
BG was correlated with periodontal
clinical parameters in subjects with and
without DM, but the total amount of
BG was significantly lower in DM sub-
jects regardless of PD. Significant cor-
relations were observed between GCF

IL-8 and clinical periodontal parameters
only in subjects without DM. Taken
together, these data suggest a dimin-
ished PMN response in the gingival
sulcus of DM individuals with chronic
periodontitis that may be partially
explained by an altered or inadequate
chemokine gradient.

There have been a number of reports
of IL-8 in the GCF but to our knowledge
the present study is the first to report IL-
8 in the GCF of DM subjects. The
finding of lower levels of IL-8 in the
GCF of DM individuals was unex-
pected, as diabetes is often associated
with increased inflammatory mediators,
such as IL-1b (Salvi et al. 1998, Engeb-
retson et al. 2004) that is known to
induce IL-8 expression (Payne et al.
1993).

In contrast to GCF, circulating IL-8
has been shown in several studies to be
elevated in subjects with DM compared
with controls (Zozulinska et al. 1999,
Herder et al. 2005). Hyperglycemia is
associated with increased inflammatory
cytokines in the serum (Esposito et al.
2002), and IL-8 transcript is induced in
endothelial cells in the presence of
excess glucose (Srinivasan et al. 2003).
A lower extracorporeal IL-8 was pro-
posed by Geerlings et al. (2000) to
account for increased urinary tract infec-
tions in women with DM. Thus, our
finding of diminished IL-8 levels in the
GCF of diabetic subjects is not without
precident. IL-8 is important for PMN

recruitment (Tonetti et al. 1994) and
also promotes monocyte adhesion
(Srinivasan et al. 2003). A diminished
host response due to low GCF IL-8
levels was suggested by Mathur et al.
(1996) to account for increased suscept-
ibility to attachment loss. Alternatively,
the PMN activity of individuals with
DM may be inherently diminished.
The latter explanation would be consis-
tent with Karima et al. (2005) who
demonstrated enhanced superoxide pro-
duction in PMN from subjects with DM.
While the precise mechanism for lower
GCF IL-8 in subjects with DM is
unknown, a deficient or ineffective che-
mokine gradient may impair PMN
response to pathogens and confer
increased susceptibility to periodontitis
(Mathur et al. 1996, Chung et al. 1997,
Ozmeric et al. 1998, Gainet et al. 1999,
Figueredo & Gustafsson 2000, Gamonal
et al. 2000).

Diminished PMN activity in the gin-
gival sulcus is seemingly at odds with
the long-established finding that BG is
elevated in the serum of individuals with
DM compared with controls (Belfiore
et al. 1972, Ferrara et al. 1979, Pitkanen
et al. 1980). Studies of PMN from
DM subjects suggest a normal lysoso-
mal enzyme granule content (Sawant
1993) but diminished lysosomal enzyme
release in response to challenge
(Wierusz-Wysocka et al. 1987). Our
data are consistent with the latter find-
ing. BG activity was diminished among
the subjects with DM in our study, yet
there was a positive correlation between
BG and pocket depth. A possible inter-
pretation of this finding is that PMN are
unable to migrate through the epithelial
lining of the gingival sulcus, or are
unable to degranulate once there.

Despite elevated circulating PMN
and BG among DM subjects, a lower
chemotactic activity (Mowat & Baum
1975, Delamaire et al. 1998) of PMN
from subjects with DM could prevent
an effective PMN response. Delamaire
et al. (1998) reported increased adhesion
molecule expression, and spontaneous
activation of neutrophils among subjects
with DM. That finding is consistent with
elevated BG in the serum, and dimin-
ished BG in the gingival sulcus. Inef-
fective granule release is associated with
decreased killing by PMN (McManus
et al. 2001). In the gingival sulcus this
deficiency would likely confer added
risk for attachment loss.

Neutrophil dysfunction in DM, is
possibly due to the direct or indirect

400

350

300

250

200

150

100

50

0

M
ea

n 
G

C
F

 β
-g

lu
cu

ro
ni

da
se

Attachment loss < 4mm Attachment loss � 4mm

Non-diabetes Diabetes

Fig. 2. Gingival crevicular fluid (GCF) b-glucuronidase by attachment loss category in
subjects with and without type 2 diabetes.

Table 2. Linear regression models for GCF
b-Glucuronidase and IL-8

Coefficient (SE)

Log (b-Glucuronidase)
Age (years) 0.00444 (0.0067)
Sex (female) 0.278nn (0.13)
CAL44 mm 0.514nnn (0.14)
DM Status � 0.633nnn (0.16)
Constant 4.108nnn (0.30)
R2 0.32
Log (IL-8)
Age 0.000215 (0.0099)
Sex � 0.00358 (0.20)
CAL 44 mm 0.598nnn (0.23)
DM Status � 1.196nnn (0.26)
Log BG � 0.141 (0.17)
Constant 4.629nnn (0.84)
R2 0.37

npo0.1,
nnpo0.05,
nnnpo0.01.
[]CAL44 mm, mean attachment loss greater

than 4 mm; DM status, diabetes mellitus;

LogBG, b-Glucuronidase; standard errors in

parentheses.
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effects of hyperglycemia (Kjersem et al.
1988). Hyperglycemia has been shown
to be associated with reduced PMN
killing (Gallacher et al. 1995), though
not always with reduced PMN chemo-
taxis (Donovan et al. 1987). We
observed no statistically significant
association between measures of hyper-
glycemia and GCF levels of either BG
or IL-8. Alpagot et al. (2001) measured
the PMN enzyme elastase in the GCF of
type 1 and 2 DM, and also found no
correlation with glycemic control.

A limitation of the present study is
that we were not able to sample PMN
from the subjects. Hence, we are not
able to determine whether absolute
numbers of PMN were lower in subjects
with DM. Insufficient or ineffective
PMN in the gingival sulcus would
have important ramifications for perio-
dontitis pathogenesis. Li et al. (2004)
have recently determined that a critical
neutrophil concentration is needed in
order to maintain stable bacteria popula-
tions and prevent host infection. Studies
of ex vivo stimulation of PMN from the
gingival sulcus of subjects with DM and
quantitative assessment of sulcular
PMN are needed to explore whether
lower BG in the GCF is indicative of a
suboptimal critical neutrophil concen-
tration.

Our finding of lower levels of BG is
inconsistent with the findings of Oliver
et al. (1993) who showed increased
levels of GCF BG in patients with
diabetes. The PD of the sampled site

may explain these disparate findings. In
our study, we sampled pre-determined
anatomic locations within the period-
ontium rather than the most inflamed
or diseased sites. Sampling sites with the
most inflammation or increased PD will
provide a bias towards increased BG
levels as BG in the GCF are strongly
associated with increased levels of
inflammation and PD (Lamster et al.
1991). In our study, decreased levels
of BG in patients with DM were
observed regardless of PD, suggesting
a systemic dysfunction of PMNs. The
relationship of the diminished PMN
response to IL-8 activity in DM subjects
needs further study. Initial IL-8 levels
are likely due to the presence of patho-
genic subgingival microbiota (Jin et al.
2002). One deficiency in our own data is
a lack of information regarding subgin-
gival species and IL-8 production. This
issue also needs to be addressed in
future studies.

In summary, our data indicate a sig-
nificant deficiency in neutrophil activity
within the crevice of periodontitis
patients with type 2 diabetes. A dimin-
ished neutrophil response may in part
explain the increased susceptibility of
type 2 diabetes patients to periodontal
disease. Further, our data support the
concept that the pathogenesis of chronic
periodontitis and that of diabetes-related
periodontitis are distinct. Future studies
will be directed towards examining the
relevance of these perturbations to pro-
gressive disease, and the use of specific

drugs that may moderate the host
response in periodontal disease occur-
ring in the patients with diabetes.
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