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A cross-sectional cohort study of gingival crevicular fluid biomarkers in

normal-weight and obese subjects during orthodontic treatment with fixed

appliances

Hayder F. Salooma,; Guy H. Carpenterb; Martyn T. Cobournec

ABSTRACT
Objectives: To investigate the effects of obesity on biomarker levels within lower incisor gingival
crevicular fluid (GCF) in subjects undergoing routine fixed appliance orthodontic treatment.
Materials and Methods: This was a cross-sectional clinical cohort study. GCF was collected from
normal-weight and obese subjects at completion of alignment at least 1 month after placement of
0.019 3 0.025-inch stainless-steel archwires. The primary outcome was the difference in GCF
biomarker levels between groups. Secondary outcomes included differences in clinical parameters
of plaque and gingival indices, unstimulated whole-mouth saliva, and GCF flow rates.
Results: Thirty-eight subjects (18 male, 20 female) with a mean age of 25.6 (SD, 6.3) years and
mean body mass index (BMI) of 22.6 (1.6) in normal-weight and 32.4 (2.2) kg/m2 in obese groups
were investigated. Apart from BMI (P , .0001), there were no statistically significant differences in
essential demographics between groups. Significantly increased levels of the adipokine leptin (P ,

.009) and the tissue-remodeling biomarker matrix metalloproteinase-9 (MMP9; P , .020) were
identified in the obese cohort. For the remainder of the biomarkers, including the RANKL bone-
remodeling marker and several inflammatory markers, there were no significant differences
between groups. No correlation was observed between plaque index or gingival index for any GCF
biomarker for either group (P ¼ .07–1.00).
Conclusions: This study investigated the GCF biochemical profile of obese and normal-weight
subjects undergoing fixed-appliance orthodontic treatment. Significantly increased levels of the
adipokine leptin and the tissue-remodeling biomarker MMP9 were identified in the obese group.
These data provide evidence of differences in GCF biochemistry between obese and normal-
weight subjects undergoing fixed appliance orthodontic treatment. (Angle Orthod. 2019;89:930–
935.)
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INTRODUCTION

Obesity has become increasingly common in West-

ern societies over the past few decades,1 which has

major implications for health care because of the

known associations between raised body mass index

(BMI) and multiple chronic diseases, including diabe-

tes, cardiovascular disease, and cancer.2 Obesity

represents a state of chronic inflammation mediated

through the presence of excess adipose tissue.3

Adipocytes are the predominant cellular component

of adipose tissue and are now recognized as produc-

ers of multiple metabolically active proteins or adipo-

kines that can influence systemic metabolic function

and inflammation.4 These include the proinflammatory

adipokines leptin5 and resistin6 and the anti-inflamma-

tory adiponectin.7
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Orthodontic tooth movement occurs through con-
nective tissue remodeling within the periodontium and
alveolar bone following a localized inflammatory
reaction induced by external force. A host of biochem-
ical mediators are known to be induced during this
process, and many of these are detectable in the
gingival crevicular fluid (GCF),8 including the inflam-
matory mediators myeloperoxidase (MPO)9,10 and C-
reactive protein (CRP)11; the tissue-remodeling bio-
markers matrix metalloproteinase-8 (MMP8), matrix
metalloproteinase-9 (MMP9), and tissue inhibitor of
metalloproteinase 1 (TIMP1); and the bone-remodeling
biomarker receptor activator of nuclear factor kappa-B
ligand (RANKL).12 Given the associations between a
raised BMI and the presence of chronic systemic
inflammation, there are potential implications for
periodontal health in the obese individual. Obese
subjects demonstrate variation in inflammatory mark-
ers in the presence of periodontal disease13 have an
increased risk of chronic periodontitis14,15 and poorer
response to nonsurgical periodontal therapy.16 More
recently, orthodontic tooth movement has been inves-
tigated in obese subjects, focusing on the theory that
proinflammatory change in the periodontium of obese
subjects might influence rates of tooth movement.
Interestingly, in a cohort of subjects undergoing
treatment with fixed appliances, initial tooth displace-
ment was significantly increased in the obese group
and, after adjustment for confounders, obese subjects
had a higher rate of tooth movement compared with
subjects of normal weight.17 A host of further implica-
tions of obesity for orthodontic treatment has also been
discussed, including psychosocial well-being in these
individuals, variation in pubertal and craniofacial
growth patterns, and stability of treatment.18,19 In-
creased BMI also appears to be a risk factor for less
cooperation with removable and fixed appliances,
longer treatment duration, and more oral health–
related problems during fixed appliance treatment.20,21

The aim of this cross-sectional study was to
investigate the influence of a raised BMI on the
biochemical profile of GCF derived from subjects
undergoing orthodontic treatment with fixed applianc-
es.

MATERIALS AND METHODS

Study Design

This cross-sectional cohort study compared the
effects of obesity on selected biomarkers within GCF
in subjects undergoing routine orthodontic treatment
with fixed appliances. Ethical approval was obtained
from the United Kingdom National Research Ethics
Service (14/LO/0769), and written informed consent

was received from all subjects. Data are reported
according to STROBE guidelines.22

Setting

Participants were recruited from the orthodontic
treatment clinic at King’s College London Dental
Institute (Guy’s Hospital), United Kingdom.

Participants

Participants were purposively recruited with matched
age and gender into this cohort study according to the
following criteria: (1) 18–45 years old, (2) undertaking
fixed appliance orthodontic treatment (3M Victory-APC
0.022-inch brackets, MBT prescription, 3M-Unitek,
Monrovia, Calif) and in 0.019 3 0.025-inch stainless-
steel archwires for at least 1 month, (3) no medical
contraindications or regular medication (including
antibiotic therapy) in the previous 6 months, (4)
nonsmoking, and (5) normal weight (BMI ¼ 18.5–
24.9) and obese (BMI �30) classification. Those
classified as underweight (BMI ,18.5) and overweight
(BMI ¼ 25–29.9) were excluded.

Subject body weight was measured to the nearest
0.1 kg using a calibrated scale and height measured to
the nearest centimeter using a wall-mounted ruler. The
BMI was calculated as mass (kg) divided by height in
meters squared (kg/m2). All measurements were taken
by a single-trained operator (Dr Saloom) using the
same equipment.

Variables

Sample collection took place during a routine
orthodontic appointment (between 9:30 AM and 3:30
PM) at least 1 month after placement of 0.019 3 0.025-
inch stainless-steel archwires to ensure a passive fit of
the archwire and therefore completion of alignment.
Unstimulated whole-mouth salivary flow rate (uWMS)
was calculated as milliliters per minute from saliva
obtained from relaxed patients by drooling into a plastic
tube for 5 minutes. Periodontal health was measured
clinically using validated plaque and gingival indi-
ces.23,24 GCF was collected once from the distal side
of the lower six anterior teeth (canine to canine) and
pooled. Teeth were isolated and gently dried using an
air syringe. Filter-paper strips (Periopaper, OraFlow
Inc, New York, NY) were then placed 1 mm into the
gingival crevice for 30 seconds. If there was any
contamination of the strip with saliva or blood, it was
discarded. The volume of collected fluid in the strip was
measured directly using a Periotron 8000 electronic
micro-moisture meter (OraFlow Inc) with readings
converted to an actual volume by reference to the
standard curve and flow rate calculated (per minute).
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GCF was retrieved from filter strips with the addition of
20 lL phosphate-buffered saline and centrifugation for
5 minutes at 9200g. GCF was analyzed by Luminex
magnetic bead-based multiplex assay using a com-
mercial kit (R&D systems, Abingdon, UK) for detection
(in ng/mL, except where indicated) of the adipokines
adiponectin, leptin (pg/mL), and resistin; the inflamma-
tory mediators MPO and CRP; the tissue-remodeling
biomarkers MMP8, MMP9, TIMP1, and the MMP8/
TIMP1, MMP9/TIMP1 ratios; and the bone-remodeling
biomarker RANKL (pg/mL). All clinical samples were
coded and therefore blinded to the laboratory investi-
gator (Dr Saloom). Excellent reliability and agreement
of repeated measurements of GCF biomarker levels
were demonstrated previously.17

Sample Size

Sample size calculation was based on a previous
study investigating the levels of GCF biomarkers
(MMP8, MMP9, interleukin-1b, osteoprotegerin, CRP)
as predictors of periodontal disease progression.25 In
this investigation, differences in the levels of GCF
biomarkers between participants with stable and
progressing periodontitis were identified with a mean
effect size of 2.77. Assuming a significance level of .05
and power of .80, a calculated sample size of eight
subjects per group would be sufficient to detect a
significant difference in GCF biomarker levels between
the obese and normal-weight groups (G*Power 3.1.2).
To allow for any dropouts, sample loss, or power
underestimation between biomarkers, a total sample of
19 subjects in each experimental group was used.

Statistical Methods

Descriptive statistics were used to summarize
outcome variables. Parametric and nonparametric
analyses were carried out after checking for normality
distribution using the Shapiro-Wilk test. Independent t-
tests were used to compare normally distributed data
(age, BMI, uWMS and GCF flow rate, plaque and
gingival indices). The Mann-Whitney U-test was used

to compare the nonnormally distributed biomarker
concentration data. Pearson and Spearman correlation
coefficients were used to measure the relationship
between GCF biomarker concentration and plaque and
gingival indices. All statistical analyses were done
using IBM SPSS Statistics software (IBM Corporation,
version 23, New York, NY).

RESULTS

Participants

This cohort study included 38 subjects (18 male, 20
female) with an overall mean age of 25.6 (6.3) years.
Table 1 shows the essential demographics of the two
cohorts. Mean BMI was 22.6 (1.6) in the normal-weight
group and 32.4 (2.2) kg/m2 in the obese group. Apart
from BMI (P , .0001), there were no statistically
significant differences in essential demographics be-
tween the two groups.

Table 2 shows the GCF biomarker levels in subjects
within the study. There were significantly increased
differences detected in the obese group compared with
the normal-weight group for the obesity biomarker
leptin and the tissue-remodeling biomarker MMP9. For
the remainder of the tissue-remodeling biomarkers, the
RANKL bone-remodeling marker, and the inflammatory
markers, there were no significant differences between
groups.

Some GCF biomarkers are produced as a response
to local inflammation within the gingival tissues. Both
normal-weight and obese subjects showed compara-
ble plaque levels and gingival index scores with no
significant differences between groups (see Table 1).
No correlation was observed between plaque index or
gingival index for any GCF biomarker for either group
(P ¼ 1.00–.07).

DISCUSSION

This cross-sectional study investigated a cohort of
obese and normal-weight adult subjects during the final
phase of fixed-appliance orthodontic treatment. Spe-
cifically, the biochemical profile of GCF samples
derived from these subjects was investigated in an
attempt to identify differences between these matched
cohorts during fixed appliance orthodontic treatment.
Significant differences were found in the levels of two
GCF biomarkers between obese and normal-weight
patients: the adipokine leptin and the tissue-remodel-
ing enzyme MMP9.

The groups in this investigation were carefully
matched and demonstrated equivalence in a range
of baseline demographics including age, gender,
uWMS and GCF flow rates, plaque and gingival
indices. BMI represented the only significant demo-

Table 1. Demographics of Subjectsa

Demographics Overall Normal Weight Obese P Value

Patients, n 38 19 19

Male/female, n 18/20 9/10 9/10

Age, y 25.6 (6.3) 24.6 (6.5) 26.6 (6.2) .338b

BMI, kg/m2) 27.5 (5.3) 22.6 (1.6) 32.4 (2.2) ,.0001b

uWMS, mL/min 0.67 (0.28) 0.68 (0.31) 0.65 (0.26) .73b

Plaque index 1.3 (0.5) 1.26 (0.42) 1.33 (0.50) .662b

Gingival index 2.0 (0.3) 1.94 (0.29) 2.04 (0.28) .302b

a For demographics, values are mean (SD). Significant results are
indicated in bold. BMI indicates body mass index; uWMS,
unstimulated whole-mouth salivary flow rate.

b Independent t-test.
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graphic difference between the two cohorts. However,
significant differences were identified in two GCF
parameters, which included increased levels of the
proinflammatory adipokine leptin and the tissue-
remodeling MMP9. Collectively, these findings pro-
vided some evidence of an increased inflammatory
status within the periodontium of obese individuals in
the later stages of orthodontic treatment with fixed
appliances when compared with normal-weight sub-
jects. However, not all of the biomarkers assayed
were significantly different between groups, including
the additional adipokines adiponectin and resistin, a
selection of inflammatory mediators, and both tissue-
and bone-remodeling biomarkers. This was possibly a
reflection of the complex biochemistry that underlies a
systemic condition such as increased BMI and also
the processes that regulate orthodontic tooth move-
ment.11

A relationship was previously shown between the
levels of several GCF biomarkers and rate of ortho-
dontic tooth movement during alignment with fixed
appliances in obese subjects when compared with
normal-weight subjects, and among these biomarkers,
leptin was significantly increased in the obese group.17

As a mediator of chronic inflammation, this invited
speculation that a baseline proinflammatory state in the
periodontium of obese subjects might facilitate an
increased early response of the dentition to orthodontic
force. Leptin has also been studied in relation to
orthodontic tooth movement in two other investiga-
tions.26,27 Salivary leptin levels were assayed in normal-
weight and overweight female subjects undergoing
canine retraction with fixed appliances. In this inves-
tigation, mean salivary leptin concentration was also
significantly greater in the overweight subjects at all

time points. Leptin levels were significantly increased
in both groups at 1 hour following force application but
fell to baseline levels by 1 month.27 Although this study
did not address leptin concentrations in GCF, it was
consistent with increased GCF leptin in subjects
classified as obese.17,27 However, the biochemistry is
likely to be complex, and normal-weight adolescent
subjects have been shown to have a GCF leptin
concentration that actually decreases in a time-
dependent manner during canine retraction with fixed
appliances, with these changes reaching significance
by 168 hours.26 MMP9 is a gelatinase associated with
the degradation of denatured collagen during soft
tissue remodeling and is upregulated in the periodon-
tium in association with orthodontic tooth move-
ment.12,28 Interestingly, increased GCF MMP9 levels
have previously been found in association with healthy
volunteers undergoing canine retraction with fixed
appliances,12 although no differences in obese subjects
compared with normal-weight subjects have been
described.17 Overall, there have been a number of
clinical studies in orthodontics describing assays for
various biochemical mediators of orthodontic tooth
movement in GCF. The results of these studies have
varied, which almost certainly reflects the relatively
heterogeneous subject cohorts and stages of treat-
ment that have been investigated.8,29

The strengths of the present study included ade-
quate power of the sample size, baseline comparability
between experimental groups including measured
assays of gingival plaque and inflammation, an
absence of dropouts, the use of blinding in the
laboratory, and a sample size based on a robust
power calculation. In addition, obesity was defined and
classified according to recommended and accepted

Table 2. GCF Biomarker Levels of Subjectsa

GCF Biomarker Overall, Mean (SD) Normal Weight, Mean (SD) Obese, Mean (SD) P Value

GCF flow rate, lL/min 0.92 (0.20) 0.86 (0.17) 0.89 (0.21) .06b

Adiponectin, ng/mL 6481.07 (4439.60) 6683.80 (3224.31) 6278.34 (5480.16) .258c

Leptin, pg/mL 353.03 (166.17) 298.30 (81.69) 407.77 (209.19) .009c

Resistin, ng/mL 518.35 (278.51) 484.14 (280.57) 552.56 (279.73) .435c

MPO, ng/mL 453.52 (302.87) 459.47 (319.76) 447.57 (293.67) .773c

CRP, ng/mL 141.06 (286.95) 33.02 (121.61) 249.10 (360.31) .075c

MMP8, ng/mL 3539.26 (943.77) 3310.32 (775.50) 3768.19 (1057.75) .223c

MMP9, ng/mL 4452.52 (1434.44) 4117.81 (1209.17) 4787.23 (1590.90) .020c

TIMP1, ng/mL 99.82 (67.62) 103.98 (76.43) 95.66 (59.34) 1.000c

MMP8/TIMP1 21.35 (12.70) 20.86 (14.00) 21.84 (10.86) .603c

MMP9/TIMP1 15.54 (9.28) 15.10 (10.46) 15.99 (7.61) .435c

RANKL, pg/mL 1192.24 (681.41) 1040.51 (324.95) 1343.97 (894.56) .624c

a Significant results are indicated in bold. SD indicates standard deviation; GCF, gingival crevicular fluid; MPO, myeloperoxidase; CRP, C-
reactive protein; MMP8, matrix metalloproteinase-8; MMP9, matrix metalloproteinase-9; TIMP1, tissue inhibitor of metalloproteinase 1; RANKL,
receptor activator of nuclear factor kappa-B ligand.

b Independent t-test.
c Mann-Whitney U-test.
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international standards. However, this was a cross-
sectional study that evaluated clinical parameters
between groups at only a single time point. In addition,
while all subjects had been in 0.019 3 0.025-inch
stainless-steel wires for at least 1 month, some
heterogeneity in treatment mechanics was inevitable,
and this might have influenced the results.

CONCLUSION

� This cross-sectional clinical cohort study investigated
obese and normal-weight subjects undergoing fixed-
appliance orthodontic treatment. The biochemical
profile of GCF samples derived from the lower incisor
region of these subjects following alignment showed
significantly increased levels of the adipokine leptin
and the tissue-remodeling biomarker MMP9. These
data provide further evidence of biochemical differ-
ences in the GCF of obese and normal-weight
subjects undergoing orthodontic treatment with fixed
appliances.
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