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Salivary leptin levels in normal weight and overweight individuals and their

correlation with orthodontic tooth movement

Tamizhmani Jayachandrana; Bhadrinath Srinivasanb; Sridevi Padmanabhanc

ABSTRACT
Objectives: To assess and compare the concentration of leptin in saliva between normal weight
and overweight individuals and to evaluate the rate of orthodontic tooth movement.
Materials and Methods: Thirty female subjects were divided into two groups: I (normal weight)
and II (overweight group) based on their body mass index. All subjects underwent fixed
appliance therapy requiring upper first premolar extraction and distal movement of the canine.
Distal force was applied to the maxillary right canine using active lacebacks. Salivary samples
were collected just before force application (T0), 1 hour (T1), and 1 month (T2) after force
application. The rate of tooth movement was evaluated over 3 months and was measured on
study models.
Results: At all three time intervals, mean leptin concentration was greater in overweight individuals
than normal weight individuals. In both groups at T1, the mean leptin concentration was found to
increase significantly compared with the baseline value (T0), but at T2, the leptin concentration
declined to values lesser than the baseline values (T0).
Conclusions: Overweight individuals had greater salivary leptin concentration. There was a
positive correlation between salivary leptin concentration and rate of tooth movement in both
normal and overweight individuals. The rate of tooth movement is decreased in overweight
individuals as compared with normal weight individuals. (Angle Orthod. 2017;87:739–744.)
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INTRODUCTION

Forces from orthodontic appliances induce cells in

the periodontal tissues to form biologically active

substances such as enzymes and cytokines, which

are responsible for bone remodeling.1 During applica-

tion of orthodontic force, there is a release of

proinflammatory cytokines such as interleukin (IL)–

1b, IL-2, IL-6, IL-8, and tumor necrosis factor–a.2–6

Leptin is a 16-KDa, nonglycosylated polypeptide

hormone produced primarily by adipocytes and in

minor quantities by the placenta, stomach, osteoblast,

and salivary glands.7–12 There is a strong positive

correlation between serum leptin concentration and

body mass index (BMI) or fat mass.13–15

Leptin plays a dual role as a hormone and cytokine.

As a hormone, it plays a major role as a hypothalamic

modulator of food intake, fat storage, and body weight

maintenance. As a cytokine, it plays a key role in

bone remodeling, resorption, and new bone forma-

tion.16 Leptin controls bone metabolism by two

different regulatory pathways: a direct stimulatory

effect by osteoblastic cell growth and prolonging the

life span of human primary osteoblasts, and an

indirect suppressive effect through the hypothala-

mus.17–20 Leptin shares structural and functional

similarities with long-chain helical cytokines such as

IL-1, IL-6, IL-10, IL-12, and granulocyte stimulating

factor, and it also modulates cytokine production from

monocytes.21–24

The presence of leptin has been reported in inflamed

and healthy gingival tissues.25 Leptin concentration is
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decreased in gingival crevicular fluid as the adjacent

probing depth increases.26 Leptin expression is also
seen in pulp samples, and it is found to increase during

pulpal inflammation.27 Recent studies evaluated leptin

levels in gingival crevicular fluid during orthodontic
tooth movement and found that the leptin level is

decreased during orthodontic tooth movement.28

Leptin is also expressed in saliva, and there is a
strong positive correlation between leptin concentra-

tion from saliva and serum samples.11 Analysis of leptin
in saliva is noninvasive, and its concentration is high

compared with plasma samples.12

Orthodontists are in a unique position to see children

and adolescents over a significant period of time. As
childhood obesity is a major growing global health

problem, more emphasis should be given to treatment
planning in obese patients. It has been reported that

obese persons have altered growth and development,

pubertal development,29 and bone metabolism.30 A
recent study stated that treatment duration was slightly

greater in the overweight group but attributed that
finding to poor patient compliance rather than altered

bone metabolism.31

In overweight or obese individuals, increased fat

mass increases serum leptin level, which in turn can
have an effect on bone remodeling.10,17,18 However, the

literature also mentions leptin resistance, a condition
developed in obese individuals, characterized by

resistance to the effects of leptin due to decreased
transport of leptin through the blood-brain barrier and

other pathways.32

As orthodontic tooth movement involves the inflam-

matory process and leptin has cytokine-like effects
responsible for bone remodeling,21–24 it is logical to

assume that leptin can have an effect on the rate of
orthodontic tooth movement, and this would differ

between normal weight and overweight individuals.

Leptin concentration in women is higher than men

because of greater subcutaneous adipose tissue in
women than men.13 Thus, the aim of this study was to

assess and compare the salivary leptin concentration
between normal weight and overweight female individ-

uals and to correlate this with rate of orthodontic tooth

movement in both groups.

MATERIALS AND METHODS

Thirty female subjects were divided into two groups: I
(control group, age 14–28 years) and group II

(overweight group, age 14–30 years). Group I com-

prised 15 normal weight patients whose BMI range
was between 18.5 and 25 kg/m2, and group II

comprised 15 overweight patients whose BMI range
was between 25 and 30 kg/m2. The BMI range was

determined according to the chart devised by the World
Health Organization (WHO).33

Inclusion Criteria
� Only female subjects were included in this study
� Patients who were to undergo orthodontic treatment

with fixed mechanotherapy requiring upper first
premolar extraction and distal movement of the
canine

� Clinically healthy periodontium with no radiographic
evidence of bone loss

� Individuals with permanent dentition

Exclusion Criteria
� Subjects with any history of systemic disease or

taking any medication
� Presence of any salivary gland disorders
� Subjects with smoking and alcohol habits

Informed consent was obtained from all patients, and
ethical clearance was obtained from the institutional
ethical committee.

Collection and Processing of Saliva

Salivary samples were collected just before ortho-
dontic force application (T0) and 1 hour (T1) and 1
month (T2) after force application. Salivary samples (5
mL) were collected between 9:00 AM and 12:00 PM at
least 1 hour after meals. Unstimulated whole saliva
was collected by the passive drool method. The
subjects were seated upright and leaned their head
forward with the test tube placed toward the corner of
the mouth to allow saliva to drain into the test tube.34

Collected salivary samples were centrifuged at 15,000
g for 15 minutes at 48C to remove insoluble material,
and the supernatants were stored in 1-mL cryotubes
under �808C, until leptin analysis was accomplished.

Estimation of Leptin Concentration

Leptin concentration in saliva was estimated using a
commercially available enzyme-linked immunosorbent
assay (Ray Biotech Inc, Germany). Leptin concentra-
tion was normalized according to the salivary levels in
overweight and normal weight individuals, and the
volume for each sample was calculated by dividing the
amount of leptin by the volume of the sample (ng/100
lL).

Application of Force and Calculation of Rate of
Tooth Movement

The appliances were placed 2 weeks after extraction
of premolars in all subjects, and an initial archwire of
014-inch NiTi was used. A distal force was applied to
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the maxillary right canine using active lacebacks, and
the force was standardized by giving an equal number
of turns (five turns) for each subject.35,36

An upper alginate impression was made for all
subjects before and 3 months after appliance place-
ment, and models were poured using type IV dental
stone (Orthokal, Kalabhai Company). The distance
from the mesial contact point of the right maxillary
canine to that of the second premolar was measured
from the study models before and after force applica-
tion using an electronic digital caliper, and the
difference between the two measurements was re-
corded as the net distal movement of the right maxillary
canine over 3 months.

Statistical Analysis

Statistical analysis was carried out using SPSS 16.0
statistical software (SPSS Inc, Chicago, Ill). Student’s
t-tests were used to compare mean salivary leptin

levels with the rate of tooth movement between normal
weight and overweight subjects. The Shapiro Wilk’s
test was used to test the normality of the data, and
repeated-measures analysis of variance was used to
compare the differences in salivary leptin levels within
the groups with adjustment for multiple comparisons.
The cumulative mean of the mean salivary leptin
concentrations at three time intervals was calculated,
and this was correlated to the rate of tooth movement
using the Pearson correlation test.

RESULTS

At all three time intervals, the mean leptin concen-
tration was two to three times greater in overweight
individuals compared with normal weight individuals.
The differences were statistically significant at all three
time intervals (P , .01; Table 1; Figure 1).

In both groups after force application (T1), the mean
leptin concentration was found to increase significantly
compared with the baseline value (T0). One month later
at T2, the levels decreased to less than the baseline
value (T0). The differences were statistically significant
within the groups (Table 2).

The mean rate of orthodontic tooth movement was
less in the overweight group compared with the normal
weight group, and the difference was statistically
significant (P ¼ .01; Table 3). The rate of tooth
movement was correlated to the mean leptin concen-
tration (ng/100 lL) between T0, T1, and T2 in both
groups (normal weight ¼ 809.55, overweight ¼
1850.13). The results showed that there was a positive
correlation of salivary leptin concentration and rate of

Table 1. Mean and Standard Deviation of Salivary Leptin Levels

(ng/100 lL) Between Normal Weight and Overweight Individuals

Group n Mean

Standard

Deviation P Value

T0 ,.01

Normal 15 322.9289 99.83514

Overweight 15 748.1269 303.09050

T1 ,.01

Normal 15 407.1345 57.69496

Overweight 15 895.8558 454.45105

T2 ,.01

Normal 15 238.4858 106.34972

Overweight 15 618.4668 259.39389

Figure 1. Mean salivary leptin concentration between normal weight and overweight individuals.
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tooth movement in both groups. The correlation was
significant in the overweight group (P ¼ .01) and the
normal weight group (P ¼ .03; Table 4).

DISCUSSION

Leptin, a polypeptide hormone produced primarily by
adipocytes, was originally found to be related to
obesity and later proven to have a dual role as a
hormone and cytokine.7–12,16 This study sought to
assess the concentration differences of leptin in saliva
between normal weight and overweight individuals and
its correlation with orthodontic tooth movement. An
association was found in this study between salivary
leptin levels, BMI, and orthodontic tooth movement.

In overweight or obese individuals, increased fat
mass results in increased serum leptin levels, which
could have a strong influence on bone metabolism
when compared with normal weight individuals.15 This
might have further effects on the rate of orthodontic
tooth movement in those individuals.

BMI is reflective of body fat mass and has a strong
positive correlation with serum leptin levels.13–15 In this
study, individuals were categorized into two groups
(normal weight and overweight) based on their BMI
according to the chart devised by the WHO.33 Leptin
concentrations in women are higher than in men
because of greater subcutaneous adipose tissue in
women than men.13 Therefore, to reduce any gender-
related bias, only female subjects were included in this
study.

Leptin expression has been detected in salivary
glands, and a positive correlation between serum and
salivary leptin concentration has been shown.11 In this
study, unstimulated saliva was collected for leptin
estimation as stimulated salivary secretion can in-
crease the salivary flow rate and leptin concentration

up to threefold.11,12 Salivary leptin, like plasma leptin,
displays circadian variations, and therefore, the collec-
tion of salivary samples was accomplished only in the
morning between 9:00 AM and 12:00 PM.12 Salivary
samples were collected 1 hour after dietary intake to
eliminate the influence of recent food intake on salivary
leptin level concentration, although Schrauwen et al.37

concluded that there was a poor correlation between
salivary leptin concentration and recent food intake.

In this study, active lacebacks were used to distalize
the maxillary canine as they produced a light contin-
uous force, and the force applied was standardized by
giving an equal number of turns (five) for all sub-
jects.35,36 At all three time intervals of the study, salivary
leptin concentrations were higher in overweight indi-
viduals when compared with normal weight individuals.
These results were consistent with previous studies,
which suggested that serum leptin levels were higher
in overweight individuals as compared with normal
weight individuals.13–15

After force application (T1), the mean leptin concen-
tration showed an initial increase but then declined at
T2 to a level even lower than the baseline value (T0)
both in normal weight and overweight individuals.
However, this rise and fall in the leptin concentration
during one cycle of orthodontic force application was
contrary to results obtained by Dilsiz et al.,28 who
showed a decrease in leptin concentration 1 hour after
force application. Studies have demonstrated that,
after force application, several proinflammatory cyto-
kines tend to increase in the first 24 hours. Later, the
system stabilizes and reaches a new physiological
homeostasis until the next activation.3,4 These obser-
vations were reflected in the results of this study. A
significant increase of salivary leptin concentration 1
hour after force application was seen at T1, demon-

Table 2. Repeated-Measures Analysis of Variance Test Comparing

Leptin Concentrations at Different Time Intervals in Group I (Normal

Weight) and II (Overweight)

Time Interval

Comparison

Within Group

P Value

Normal Weight Overweight

T0 T1 .013* .024*

T2 .001* ,.001*

T1 T2 ,.001* .001*

* The P value is significant at the .05 level.

Table 3. Comparison of Rate of Tooth Movement (mm/3 months)

Between Normal Weight and Overweight Individuals

Group n

Rate of Tooth Movement

Mean Standard Deviation P Value

Normal 15 1.99 0.218 .01

Overweight 15 1.25 0.349

Table 4. Pearson Correlation Test in Groups I (Normal Weight) and

II (Overweight)

Mean Leptin

Concentration

Between T0, T1, T2

Rate of

Tooth Movement

Mean leptin concentration between T0, T1, T2

Overweight

Pearson correlation 1 .598

Significance .019*

Normal weight

Pearson correlation 1 .558

Significance .031*

Rate of tooth movement

Overweight

Pearson correlation .598 1

Significance .019*

Normal weight

Pearson correlation .558 1

Significance .031*

* The correlation is significant at the .05 level.
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strating leptin as an inflammatory marker,16 and at T2,
the leptin level decreased. Tuncer et al.5 also showed
that cytokine levels fluctuated with a 30-day cycle
when continuous orthodontic force was applied. This
could also explain the decrease observed in the leptin
concentration at the T2 time interval.

Since the leptin concentration varied at different time
intervals, an average (cumulative mean) of the leptin
concentration at different time intervals for each group
was correlated to the corresponding rate of tooth
movement. The results revealed that there was a
strong positive correlation of mean leptin concentration
with the rate of tooth movement in both the overweight
group and the normal weight group. The correlation
was stronger in the overweight group when compared
with the group with normal weight. In addition, the
mean rate of tooth movement was lesser in the
overweight group (1.25 mm) than in the normal weight
group (1.99 mm; P ¼ .01).

Although previous studies have shown that leptin
has both bone stimulatory and inhibitory effects,17,19,20 in
this study, a significant decrease in the rate of tooth
movement in the overweight group compared with the
normal weight group was found. This can be attributed
to leptin’s bone stimulatory effects being through direct
peripheral action, which could be more prominent than
its inhibitory effects. Leptin’s bone inhibitory effects are
indirect through the hypothalamus. The bone stimula-
tory effects increase bone mass, which, in turn, could
delay orthodontic tooth movement.31 This action of
leptin is also supported by the increased bone mineral
density observed in obese individuals as measured
using dual energy x-ray absorptiometry.38

Another factor to be considered is possible leptin
resistance in obese individuals. Although Leptin’s
central action is to inhibit bone formation, leptin
resistance is characterized by decreased effects of
leptin, primarily mediated through the central nervous
system, because of diminished blood to brain transport
of leptin. In turn, the centrally mediated bone suppres-
sive action of leptin is diminished. This could further
explain the increased bone deposition seen in obese
individuals. Increased bone deposition usually devel-
ops in patients who are classified as obese with a BMI
greater than 30. In this study, overweight patients with
a BMI between 25 and 30 were included.39 Hence, the
influence of leptin resistance on the subjects in this
study is debatable.

In this study, the leptin concentration was assessed
for one orthodontic cycle, and the rate of tooth
movement was measured for 3 months. Evaluation of
the rate of tooth movement over a longer period, and
correlating that with leptin levels at each time point,
could contribute more information. Further studies at
the molecular level during orthodontic tooth movement

are necessary to determine the exact biological role of
leptin in orthodontic tooth movement.

CONCLUSIONS

� Overweight individuals had greater mean salivary
leptin concentrations compared with normal weight
individuals.

� Overweight individuals had a significantly lesser rate
of tooth movement compared with the normal weight
group.

� There was a strong positive correlation between the
rate of tooth movement and mean salivary leptin
concentration, suggesting an important role of leptin
in controlling the rate of tooth movement in individ-
uals with different body masses.

REFERENCES

1. Krishnan V, Davidovitch Z. Cellular, molecular, and tissue-

level reactions to orthodontic force. Am J Orthod Dentofacial

Orthop. 2006;129:469e.1–32.

2. Alhashimi N, Frithiof L, Brudvik P, Bakhiet M. Orthodontic

tooth movement and de novo synthesis of proinflammatory

cytokines. Am J Orthod Dentofacial Orthop. 2001;119:307–

312.

3. Lee KJ, Park YC, Yu HS, Choi SH, Yoo YJ. Effects of

continuous and interrupted orthodontic force on interleukin-

1b and prostaglandin E2 production in gingival crevicular

fluid. Am J Orthod Dentofacial Orthop. 2004;125:168–167.

4. Grieve WG, Johnson GK, Moore RN, Reinhardt RA, DuBois

LM. Prostaglandin E (PGE) and interleukin-1b (IL-1b) levels

in gingival crevicular fluid during human orthodontic tooth

movement. Am J Orthod Dentofacial Orthop. 1994;105:369–

374.
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