
Effect of smoking on
concentrations of receptor
activator of nuclear factor k B
ligand and osteoprotegerin in
human gingival crevicular fluid

Tang TH, Fitzsimmons TR, Bartold PM. Effect of smoking on concentrations of receptor
activator of nuclear factor k B ligand and osteoprotegerin in human gingival crevicular
fluid. J Clin Periodontol 2009; 36: 713–718. doi: 10.1111/j.1600-051X.2009.01444.x.

Abstract
Aim: To compare the levels of the soluble receptor activator of nuclear factor k B
ligand (sRANKL), osteoprotegerin (OPG) and their relative ratio in gingival crevicular
fluid (GCF) among periodontitis patients with varying smoking histories.

Material and Methods: GCF samples were collected from 149 periodontitis patients
who were never smokers (n 5 58), former smokers (n 5 39) and current smokers
(n 5 52). sRANKL and OPG concentrations in GCF were measured by enzyme-linked
immunosorbent assays.

Results: sRANKL, OPG and their relative ratio were not statistically significant
among the never smokers, former smokers and current smokers. However, OPG was
significantly reduced and subsequently the sRANKL:OPG ratio was significantly
increased in the high pack-years group as compared with never smokers. The positive
correlation between pack-years and the sRANKL:OPG ratio remained statistically
significant after adjusting for age and current smoking status.

Conclusion: Increased lifetime exposure to cigarette smoking above a minimum
threshold suppresses OPG production and leads to increased sRANKL:OPG. This may
partially explain increased bone loss in smoking-related periodontitis.
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Periodontitis is a chronic disease asso-
ciated with degradation of the perio-
dontal tissues leading to attachment
loss, bone loss and possibly tooth loss
if left untreated. Smoking is recognized
as one of the major risk factors for

chronic periodontitis, whereby the rela-
tive risk of developing periodontitis
increases by up to six times in smokers
(Linden & Mullally 1994, Bergstrom
2004). A clear dose–response relation-
ship between periodontitis and smoking
has also been reported in several studies
(Martinez-Canut et al. 1995, Alpagot
et al. 1996). Despite this, the mechan-
isms by which smoking contributes to
the pathogenesis of periodontitis are
poorly understood. Previous studies
indicate that smoking may interfere
with several reparative and destructive
factors such as the function of inflam-

matory cells and production of immune
mediators (Ryder et al. 1998, Gustafs-
son et al. 2000, Petropoulos et al. 2004).

One of the main diagnostic features
of periodontitis is alveolar bone loss.
Numerous studies have shown that
smokers have more severe and greater
progression of alveolar bone loss than
non-smokers (Bergstrom et al. 2000a,
Jansson & Lavstedt 2002). Smoking
is also related to a higher incidence
of localized alveolitis (Sweet & Butler
1979) and delayed alveolar healing
in extraction sockets (Pinto et al.
2002).
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Bone remodelling is a coupled pro-
cess between bone formation and bone
resorption. It is regulated by molecular
interactions between the receptor acti-
vator of nuclear factor k B ligand
(RANKL), its cellular receptor, RANK,
and the decoy receptor, osteoprotegerin
(OPG) (Kong et al. 1999). This has been
demonstrated in disease models such as
rheumatoid arthritis and periodontitis
(Crotti et al. 2003, Firestein 2003, Taub-
man et al. 2005). RANKL and OPG are
expressed by multiple cells in periodontal
tissues such as fibroblasts, endothelial
cells and osteoblasts. Their expression is
modulated by inflammatory cytokines
such as interleukin-1 and tumour necrosis
factor-a (Sakata et al. 1999).

In the presence of macrophage
colony-stimulating factor, RANKL is
required for osteoclast differentiation.
RANKL binds directly to RANK on
the surface of pre-osteoclasts and osteo-
clasts, stimulating both the differentia-
tion of osteoclast progenitors and the
activity of mature osteoclasts (Hsu et al.
1999). Conversely, OPG is the naturally
occurring inhibitor of osteoclast differ-
entiation. It binds to RANKL with high
affinity and blocks RANKL from inter-
acting with RANK (Yasuda et al. 1998).
Overall, bone resorption occurs as a
result of the uncoupled process in bone
remodelling and it may be reflected in
an increased RANKL:OPG ratio. The
increased ratio can be due to increased
RANKL, decreased OPG or a combina-
tion of both.

In gingival tissues, periodontitis
patients exhibit higher expression of
RANKL (Crotti et al. 2003, Vernal
et al. 2004, Bostanci et al. 2007b) and
lower expression of OPG (Liu et al.
2003) compared with healthy controls.
Similar results have been reported for
levels in gingival crevicular fluid (GCF)
(Mogi et al. 2004, Vernal et al. 2004,
Bostanci et al. 2007a). As a conse-
quence, RANKL:OPG ratios are found
to be increased in periodontitis patients
compared with healthy controls (Liu
et al. 2003, Mogi et al. 2004, Bostanci
et al. 2007a, b). In a group of untreated
periodontitis patients, Vernal et al.
(2004) showed that higher levels of
RANKL in GCF were associated with
active sites compared with inactive
sites. However, most of the mentioned
studies failed to report the proportions
of smokers within the study groups.
Considering that smoking is one of the
major risk factors in chronic perio-
dontitis, more studies are warranted to

determine the effect of smoking on the
modulation of RANKL and OPG
expression.

Because RANKL and OPG are key
regulators in alveolar bone loss in perio-
dontitis and the severity of periodontal
breakdown is increased in smokers, we
hypothesized that the RANKL:OPG
ratio is higher in smokers compared
with non-smokers, among periodontitis
patients. In an effort to partially explain
the greater amount of bone loss seen in
smokers compared with non-smokers,
we aimed to measure the levels of
OPG, sRANKL and their relative ratio
in GCF of periodontitis patients and to
investigate the relationship between
these biomarkers and cigarette smoking.

Material and Methods

Subject selection

Periodontitis patients attending clinics
at the Adelaide Dental Hospital were
invited to participate in the study. Writ-
ten and informed consent were obtained
from each subject before enrolment in
the study. Complete medical histories
were obtained after the enrolment. The
exclusion criteria included pregnant
women and sites with evidence of sup-
puration or clinical or radiographic evi-
dence of endodontic pathology. This
study was approved by the Human
Ethics Research Committee of The Uni-
versity of Adelaide.

Smoking history was collected by
means of self-reporting following a
standardized questionnaire. Patients
were then classified as current smokers
(regular daily smokers), former smokers
(previous regular smokers who had
ceased the habit) or never smokers
(never smoked cigarettes). The life-
time smoking exposure of former and
current smokers was expressed as pack-
years: calculated as the number of cigar-
ettes smoked per day multiplied by the
number of years the patient had smoked,
divided by 20 (a standard pack of
cigarettes). The life-time exposure of
these former and current smokers was
subsequently categorized into X20 pack-
years, o20 pack-years.

All subjects underwent a clinical
periodontal examination, and the pre-
sence and severity of periodontitis was
ascertained from the documentation in
each subject’s dental records and assess-
ment of past dental radiographs. Using
the modified Hugoson & Jordan (1982)
classification, subjects were divided

based on the following criteria: no dis-
cernible radiographic evidence of bone
loss (representing no periodontal dis-
ease, P0), proximal bone loss reaching
at most one-third of normal bone height
(mild periodontal disease, P1), proximal
bone loss between one-third and two-
thirds of normal bone height (moderate
periodontitis, P2) or proximal bone loss
more than two-thirds of normal bone
height (severe periodontitis, P3).

Site selection and GCF sampling

Each subject had GCF samples taken
from the two periodontal sites that had
the deepest periodontal pockets. These
sites were selected after full-mouth
probing measurements of probing pock-
et depth (PPD) at six sites per tooth. The
probing was carried out at the same visit
during which GCF was sampled. The
presence or absence of bleeding at
the sampled site following probing
was recorded. GCF was sampled by
previously published methods (Offenba-
cher et al. 1986) with slight modifica-
tions. Briefly, all clinically detectable
supragingival plaque was removed with-
out touching the gingiva in order to
minimize contamination of the paper
strips by plaque. The sites under study
were isolated with cotton rolls and
gently dried with an air syringe. A saliva
ejector was used to avoid salivary con-
tamination if necessary. PerioPapert
strips (Oraflow Inc., Plainview, NY,
USA) were carefully inserted 1 mm
into the gingival crevice for 1 min. The
volume of GCF collected was measured
with a Periotron 8000 (Harco, Tustin,
CA, USA). The Periotron readings
were then converted through a calibra-
tion curve to obtain the volume.
One paper strip was used for each
collection site. The paper strips from
the individual sites were stored at
� 201C until processed.

GCF was eluted from the paper strips
with phosphate-buffered saline, pH 7.2,
and collected following centrifugation
as described previously (Fitzsimmons
et al. 2009). The eluted samples from
each strip were stored at � 201C until
further analysis.

sRANKL and OPG analysis in GCF

The amount of sRANKL and OPG in
GCF was determined using commer-
cially available Enzyme Linked Immu-
nosorbent Assay (ELISA) kits (R&D
Systems, Minneapolis, MN, USA for
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OPG and Biomedica, Vienna, Austria
for sRANKL) in accordance with the
manufacturers’ instructions. The lower
detection thresholds for the OPG and
sRANKL ELISA assays were 50.8 and
1.6 pg/ml, respectively. Calculation of
sRANKL and OPG concentrations in
GCF was performed by dividing the
total amount by the volume of the
GCF collected. Data were reported as
the amount of sRANKL or OPG/ml of
GCF.

Statistical analysis

Descriptive statistics and frequency dis-
tribution curves were generated for
sRANKL and OPG. The data were mark-
edly skewed, particularly for OPG,
where 74.8% of samples were below
the detection threshold. For statistical
analysis, the data were therefore log-
transformed for individual mediators.
Constants were used in these formulas
so that a mathematically meaningful ratio
of the transformed data could be com-
puted that did not have negative values.
The ratio of transformed variables repre-
sented the third dependent variable used
in the analysis:

sRANKL : OPG ratio

¼ transformed sRANKL

transformed OPG

Additional descriptive statistics were
generated for smoking history and the
demographic characteristics of the sub-
jects.

Statistical analysis was undertaken to
test hypotheses concerning the relation-
ship between cigarette consumption and
three dependant variables: transformed
sRANKL, transformed OPG and the
sRANKL:OPG ratio. It was expected
that the mediators could be influenced
separately by the qualitative experience
of cigarette smoking (current, former,
never) and the quantitative amount of
exposure (pack-years); therefore, multi-
variate statistical models were con-
structed separately for each dependant
variable. Age was expected to be asso-
ciated with the mediators and with
smoking, and so it was included as a
covariate in the models. Because med-
iators were measured at two sites per
subject, generalized estimating equa-
tions were used to adjust for clustering
of observations within subjects. This
was achieved in SAS Proc Genmod
assuming an independent working cor-
relation matrix. Each dependant variable

was modelled as a linear variable using
the identity link function. The statistical
significance of parameter estimates was
based on Wald’s tests and 95% confi-
dence intervals calculated using empiri-
cal standard error estimates, and
p40.05 was considered to be statisti-
cally significant.

Results

Subject demographics

A total of 149 patients were recruited
into the study with 56 males and 93
females, ranging in age from 26 to 86
years. Fifty-eight patients were classi-
fied as never smokers, 39 as former
smokers and 52 as current smokers
(Table 1). Overall, former smokers
exhibited the deepest PPD, and the
largest GCF volume collected, whereas
current smokers showed the largest
amount of gingival recession and the
lowest volume of GCF collected. Cur-
rent smokers had the highest percentage
of patients suffering from moderate
periodontitis, while former smokers
had the highest percentage of people
suffering from severe periodontitis.
Although the mean number of cigarettes
smoked per day was equal in former and
current smokers, the mean duration of
smoking and pack-years of smokers was
higher among current smokers. The
mean smoking-free time of former smo-
kers since smoking cessation was 13.5
years (data not shown).

When subjects were stratified based
on pack-years, there were 51 patients
who smoked o20 pack-years, and 39
patients smoked X20 pack-years
(Table 2). The majority of former smo-
kers were in the o20 pack-year group
and current smokers were approxi-

mately equal in the two groups. The
mean smoking-free time of former smo-
kers who had smoked X20 pack-years
was calculated as 7.9 years, and for
former smokers who had smoked o20
pack-years, it was 16.6 years (data not
tabulated).

sRANKL and OPG concentrations in GCF

Out of the total of 298 sites analysed,
sRANKL and OPG were detectable in
GCF collected from 234 and 75 sites,
respectively.

The log-transformed data were firstly
analysed by stratification across three
age groups and are shown in Table 3.
The log-transformed OPG concentration
was the highest in the oldest age group.
The opposite was true for sRANKL,
where the log-transformed sRANKL
concentration was the highest in the
youngest age group of o45 years.
Neither of these observations was sta-
tistically significant. However, the log-
transformed sRANKL:OPG ratio was
significantly lower in the X65-year
age group compared with the o45-
year age group (p 5 0.01).

When subjects were categorized by
smoking status, the log-transformed
OPG concentration tended to be lower
in the former and current smokers com-

Table 1. Subject demographics and clinical parameters of the sampling areas in the study group

Never smoker Former smoker Current smoker

Number of subjects 58 39 52
Number of female:male 42:16 19:20 32:20
Age (years) 60 � 15 57 � 15 49 � 10
PPD (mm) 4.9 � 1.4 5.4 � 1.4 5.1 � 1.4
REC (mm) 1.1 � 1.1 1.2 � 1.3 1.3 � 1.1
GCF volume (ml) 1.13 � 0.59 1.16 � 0.58 1.01 � 0.62
P1 19 (33%) 8 (21%) 12 (23%)
P2 22 (38%) 14 (36%) 22 (42%)
P3 17 (29%) 17 (44%) 18 (35%)
Mean cigarettes/day 0 16.4 � 11.7 16.5 � 7.8)
Mean duration of smoking (years) 0 21.3 � 13.3 28.0 � 10.7
Pack-years 0 18.3 � 16.1 22.8 � 15.1

Values represent the means � standard deviations or numbers of subjects (in parentheses % of

subjects); PPD, probing pocket depth; REC, gingival recession; GCF, gingival crevicular fluid.

Table 2. Subject demographics based on
pack-years in the study group

Never
smoker

o20
pack-
years

X20
pack-
years

Number of
subjects

58 51 39

Mean age (years) 60 52 54
Former smokers – 24 15
Current Smokers – 27 24

RANKL and OPG in GCF of smokers 715
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pared with the never smokers (Table 4).
The opposite was observed with the log-
transformed sRANKL concentration,
where higher concentrations were mea-
sured in GCF of former and current
smokers compared with the never smo-
kers. As a consequence, the sRANK-
L:OPG ratio also appeared to be higher
in the former and current smokers com-
pared with never smokers. However,
none of these relationships were statis-
tically significant.

When the data were analysed based on
smoking history in terms of pack-years,
the log-transformed OPG concentration
decreased with increasing pack-years,
with the value being significantly lower
in the high pack-years group (X20 pack-
years) compared with the never-smoker
group (p 5 0.05) (Table 4). Although the
log-transformed sRANKL appeared to be
higher in the X20 pack-years group, the
difference was not statistically signifi-
cant. Despite this, the log-transformed
sRANKL:OPG ratio was significantly
higher in the high pack-years group
(X20 pack-years) compared with the
never-smoker group (p 5 0.03). In the
multivariate analysis adjusting for age
and smoking status, the log-transformed
sRANKL:OPG ratio remained signifi-
cantly higher in the high pack-years
group compared with the never-smoker
group (p 5 0.03) (Table 4).

Discussion

Smokers with periodontitis show
increased disease severity and alveolar
bone loss. In order to partially explain
these observations, the current study
explored the inter-relationship between
smoking and the RANKL:OPG axis in
GCF of periodontitis patients. The con-
centrations of OPG, sRANKL in GCF
and the sRANKL:OPG ratio were not
significantly different between current
smokers and former smokers when com-
pared with never smokers. However,
when pack-years were taken into con-
sideration, significant differences could
be found between the high pack-years
group and the never smoker group. A
negative correlation was observed
between OPG concentration in GCF
and pack-years. In addition, a positive
correlation was found between the
sRANKL:OPG ratio and pack-years.
Furthermore, the high pack-year group
showed a significantly higher sRANK-
L:OPG ratio compared with the never-
smoker group even after adjusting for
age and current smoking status.

Although OPG and RANKL have
previously been measured in GCF of
periodontitis patients, no consideration
has been given to the smoking history of
patients. Lower OPG concentrations,
together with increased RANKL in

GCF of periodontitis patients, have
been reported compared with healthy
controls (Mogi et al. 2004, Lu et al.
2006, Bostanci et al. 2007a). The non-
significant changes measured in
RANKL concentrations in the current
study may be reflective of the large
number of GCF samples that were
below the level of detection of the
assays. These results, however, are con-
sistent with other studies that have also
reported a significant proportion of GCF
samples with undetectable levels of
RANKL and OPG (Lu et al. 2006,
Arikan et al. 2008). Nevertheless, the
high number of samples below the
detection threshold for OPG could be
related to the low levels of OPG in GCF
in our present periodontitis populations.
Alternatively, the levels of OPG and
RANKL in GCF may have been below
the sensitivity of the ELISA assay used
in this study.

Our results are consistent with studies
that have assessed the impact of smok-
ing on the concentration of these med-
iators in serum, saliva and GCF (Lappin
et al. 2007, Buduneli et al. 2008, 2009).
These studies showed decreased OPG
concentrations and increased RANK-
L:OPG ratios in smokers compared
with non-smokers. A negative correla-
tion also existed between OPG concen-
tration and pack-years. Another group
measuring gene expression in gingival
tissues for both mediators in perio-
dontitis patients showed similar results
in periodontitis patients who were smo-
kers and non-smokers, but the influence
of pack-years was not considered
(Cesar-Neto et al. 2007).

These findings may indicate that
greater alveolar bone loss among smo-
kers in periodontitis patients could be
related to the suppression of OPG
expression by smoking cigarettes, lead-
ing to a higher sRANKL:OPG ratio
compared with never smokers. In addi-
tion, the influence of smoking on the
concentrations of the two mediators,
particularly OPG, is dependent on the
quantitative amount of cigarette expo-
sure, and not the qualitative experience
of smoking. Our data suggest that a
minimum threshold of lifetime exposure
is required before cigarette smoking
starts to have an effect on OPG levels
and the sRANKL:OPG ratio, which is in
accordance with earlier studies (Marti-
nez-Canut et al. 1995). A reduction in
periodontal bone height is also shown to
be significantly associated with lifetime
exposure (Bergstrom et al. 2000b),

Table 3. sRANKL and OPG concentrations in GCF between different age groups (person-level
analysis)

Age (years) Nw Log-transformed Log-transformed Log-transformed
OPG sRANKL sRANKL:OPG

o45 37 0.6 5.8 68.4
45–64 65 0.8 5.0 54.1
X65 46 1.7 5.2 42.9n

wNumber of subjects.
nSignificantly different compared with o45-year age group (p 5 0.01) – Wald’s test.

Table 4. sRANKL and OPG concentrations in GCF between smoking and pack-years groups
(person-level analysis)

Nw Log-transformed Log-transformed Log-transformed
OPG sRANKL sRANKL:OPG

Never smoker 58 1.3 5.0 47.0
Former smoker 38 0.8 5.8 65.5
Current smoker 52 0.8 5.2 54.0
o20 pack-years 51 1.0 5.3 51.5
X20 pack-years 39 0.6n 5.5 68.4#

wNumber of subjects.
nSignificantly different compared with the never smoker group (p 5 0.05) – Wald’s test.
#Significantly different compared with the never smoker group (p 5 0.03) – Wald’s test.

sRANKL, soluble receptor activator of nuclear factor k B ligand; OPG, osteoprotegerin; GCF,

gingival crevicular fluid.
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which may be partially a result of
modulated RANKL:OPG ratios.

Based on the three age groups stu-
died, the sRANKL:OPG ratio was
significantly lower in older people com-
pared with younger people. This finding
may indicate that the progression of
alveolar bone loss is more evident
among the younger periodontitis
patients as compared with the older
periodontitis patients. While this may
appear to be counter-intuitive as the
prevalence of periodontitis naturally
increases with age (Albandar et al.
1999, Albandar 2002), alveolar bone
loss as a result of periodontitis is mostly
irreversible, and so epidemiological
measures of periodontitis mostly capture
the cumulative experience of the dis-
ease. Nevertheless, age is an important
factor in identifying individuals suscep-
tible to periodontitis progression. The
amount of bone loss in relation to a
patient’s age may be a good predictor
of future disease progression. A young
individual with aggressive periodontitis
is considered to be at a higher risk of
disease progression than an older indi-
vidual with the same amount of disease
(Heitz-Mayfield 2005). It can be pro-
posed that the greater susceptibility to
progression of alveolar bone loss in the
younger group may be reflected in the
sRANKL:OPG ratio. Interestingly, cur-
rent smokers in this study were younger
than former smokers and never smokers.
However, the multivariate analysis
showed age to be an independent factor
influencing the sRANKL:OPG ratio.
Therefore, further studies are warranted
to study the relationships between the
sRANKL:OPG ratio and periodontal
disease susceptibility.

The mechanism by which OPG levels
are reduced in GCF is yet to be eluci-
dated. Several cell types within the
periodontal tissue may contribute to
the presence of OPG in GCF. These
cells may be negatively affected by the
direct and indirect effects of nicotine
and other chemicals found in cigarettes
leading to reduced OPG production.
Indeed, gene and protein expression of
OPG in gingival biopsies from smokers
with periodontitis is decreased com-
pared with non-smokers (Cesar-Neto
et al. 2007). Furthermore, the combina-
tion of lipopolysaccharide and nicotine
is shown to decrease OPG production in
osteoblasts in a dose-dependent manner
(Tanaka et al. 2006). Few other studies
have investigated the direct effects of
nicotine or other toxic components of

cigarette smoke on OPG production by
other cell types. However, periodontal
ligament fibroblasts and epithelial cells
directly exposed to nicotine decrease
their overall protein synthesis (Gianno-
poulou et al. 2001, Chang et al. 2002).
These studies may suggest a reason as
to why OPG protein levels are decreased
in GCF of smokers. The resultant in-
creased sRANKL:OPG ratio may then
lead to an imbalance in tissue home-
ostasis and tissue degradation seen in
smokers with periodontitis.

In summary, the results of the present
study show that reduced concentrations
of OPG in GCF and a subsequent
increase in sRANKL:OPG ratios occur
in periodontitis patients with a history of
cigarette smoking. The study found that
an increased lifetime exposure to cigar-
ette smoking above a minimum thresh-
old is required for these patterns to be
observed. These data build on previous
studies that have not quantitatively con-
sidered the effect of smoking on the
concentration of these mediators in
GCF from patients suffering from
periodontitis. Further studies are still
required, however, to identify the mech-
anisms as to how the chemicals of
cigarette smoke modulate these media-
tors. This may then allow a better under-
standing of the regulation of these
mediators and their involvement in
alveolar bone loss, a common character-
istic of periodontitis patients who are
also smokers.
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Clinical Relevance

Scientific rationale for the study:
sRANKL and OPG regulate bone
resorption and may be modulated
by cigarette smoking in periodontitis.
We examined the relationship among
sRANKL, OPG and their relative
ratio in GCF with periodontitis
patient smoking history.

Principal findings: A significant
increase in the sRANKL:OPG ratios
in GCF of periodontitis patients was
positively correlated to smoking
pack-years and remained significant
after adjusting for age and smoking
status.
Practical implications: Lifetime
cigarette smoking exposure may con-

tribute to periodontal tissue degrada-
tion by modulating OPG and
sRANKL:OPG ratios in GCF. Pack-
years smoking history may provide a
better measure of the impact of
smoking on bone resorption.
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