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A

ims: 1) To assess salivary leptin levels in normal–underweight versus overweight and obese healthy adult males aged 18–25 years
old. 2) The relative contribution of anthropometric measurements, fat percentage, fat distribution (visceral versus subcutaneous) and
total as well as regional muscle mass in arms, trunk and legs respectively in predicting salivary leptin levels. Methods: A total of
92 adult males were classified into two groups based on their body mass index (BMI): normal–underweight, BMI ≤24.9 kg/m2 (n=51);
overweight–obese, BMI ≥25 kg/m2 (n=41). Anthropometric measurements such as BMI, waist circumference (WC), hip circumference (HC)
and waist–hip ratio (WHR) were measured through standardised methods. Fat percentage, visceral fat level, subcutaneous fat and muscle
mass (total and regional) were measured using Karada scan bioelectrical impedance method. Fasting saliva samples were collected and
used for assessing salivary leptin concentrations using enzyme-linked immunosorbent assay. Results: Statistical analysis of the data
showed a significant difference between the two groups in all of the parameters measured except height and salivary leptin levels. Multiple
regression analysis showed that HC, WC and WHR were good predictors for salivary leptin levels in normal–underweight group. However, in
the overweight–obese group, height was the most important independent variable that could predict salivary leptin levels as a dependent
variable. Conclusions: Predictors for salivary leptin levels in adult healthy males are different in normal–underweight subjects from
overweight–obese subjects. The most important predictor for salivary leptin levels is HC in normal weight subjects, while it is height in
overweight and obese healthy adult males.
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The prevalence of overweight and obese people is increasing worldwide. This is accompanied with
an increase in many diseases such as non-insulin dependent diabetes mellitus, hypertension,
and even certain cancers.1,2 Obesity is defined as an excessive accumulation of body fat that
is caused by the imbalance between energy intake and energy expenditure.2 Adults are one
of the subpopulations in which obesity is more prevalent and they are more liable to develop
cardiovascular complications.3
Adipose tissue is an active endocrine tissue that releases many adipokines. The alterations in
the secretory profile of this adipose tissue were found to be the reason for the disturbed fat
metabolism and obesity-associated complications.4 Furthermore, it was shown that the site of
fat accumulation in the body, whether visceral (around the visceral organs) or subcutaneous,
has a great influence on the development of obesity-related complications.5 Studies showed
a strong correlation between visceral fat (VF) accumulation and the occurrence of obesity
complications,6,7 which has been proven by Sarr et al.,5 who reported strong association
between VF accumulation and an increased release of pro-inflammatory adipokines. However,
beneficial adipokines such as leptin and adiponectin, have shown a higher presence in
subcutaneous fat (SCF).8
Leptin is one of the most important adipokines secreted from the adipose tissue. It has
complex and multidirectional actions that mainly include suppression of appetite and regulation
of body weight.9 Thus, it has been proven in mice, and also humans, that a lack of leptin is
associated with marked increase in food intake and development of severe obesity and diabetes
mellitus,10–12 an effect that was reversed by administration of leptin.13 Obesity can also be due to
leptin resistance, a condition whereby leptin is available but does not reduce food intake and fat
accumulation.14 This leptin resistance was found to be reversed with fat loss.15
In addition to adipose tissue, skeletal muscles and bones have been shown to be important
sources of circulating leptin16,17 and also targets for leptin actions as leptin receptors were
found to be expressed in abundance in both muscle and bone cells.18 The high concentration
of leptin found in skeletal muscle cells is not derived from the muscle fat but from the muscle
cells themselves.19
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Several studies showed an association between the serum level of
leptin and body mass index (BMI),20–22 as well as fat distribution in obese
individuals.22,23 However, it has been shown that serum leptin level varies
with each BMI level.12
Saliva has been proven to be a reliable alternative diagnostic tool
that can be used to measure blood biomarkers in healthy as well as
diabetic individuals because of the strong correlation between the
protein levels in serum and saliva.24,25 The non-invasive nature of saliva
sampling provides a potential to be used as a diagnostic and screening
tool in population-based screening studies such as screening for
obesity-associated inflammatory markers. Although saliva is a good
alternative for serum to measure many biomarkers, there are limited
studies which investigate the association between salivary leptin level
with BMI, fat distribution and muscle mass.26,27
The present study aimed to assess the salivary leptin concentrations in
normal weight versus overweight and obese healthy adult males aged
between 18–25 years old and the relative contribution of BMI, waist
circumference (WC), hip circumference (HC), waist–hip ratio (WHR), SCF,
VF level, whole body fat percentage (WF), whole body muscle mass,
muscle mass of the arms, trunk and legs respectively in predicting
the salivary leptin levels. The study was limited to only one race and
one gender to reduce the effect of confounding factors on salivary
leptin levels. A study conducted in Malaysia found an increase in the
prevalence of obesity among medical students, especially males.3 To the
best of our knowledge, this is the first study to investigate the association
between the salivary leptin level with BMI and fat distribution in adult
Malay males.

Materials and methods
Ethical approval
The study design and consent forms were approved by the Research
Management Committee of MAHSA University, Malaysia. All procedures
were followed in accordance with the responsible committee on
human experimentation and with the Helsinki Declaration of 1975 and
subsequent revisions, and informed consent was received from the
participants involved in this study.

Subjects
All participants were fully informed about the objectives of the study
before completing their written consent forms. Subjects with a history
of diabetes or cardiac diseases were excluded from the study. Other
exclusion criteria included hormonal alteration, gain or loss of body
weight >5 kg in the last 3 months, and use of drugs which could modulate
body composition.

Anthropometric measurements
Height of subjects was measured to the nearest 0.1 cm using stadiometer.
Body weight, BMI, WF, resting metabolism (RM), VF level, whole body SCF
and body age measurements were measured using Omron Karada Scan
HBF-362 Bioelectrical Impedance (Omron, Kyoto Prefecture, Japan); a
method of measuring fats which has been proven to correlate well with
body fat analysed by dual-energy X-ray absorptiometry (DEXA)28,29 and
even by computed tomography.30 Body age is calculated based on body
mass, body fat and resting metabolism. Each subject stood barefooted
and upright in the middle of the sensor platform, holding the fat analyser
with his extended arms. WC and HC of each subject were measured to the
nearest 0.1 cm using measuring tape while standing. WHR was calculated
whereby WC was measured around the waist at midpoint between the
lower costal border (tenth rib) and the iliac crest at the end of normal

E UROPEA N EN DOCRIN O L OG Y

expiration, while HC was measured at the maximum circumference
around the buttocks. Based on the World Health Organisation (WHO)
classification of BMI, participants were categorised into two groups
according to their BMI; normal-underweight control group (BMI
≤24.9 kg/m2) and overweight–obese group (BMI ≥25 kg/m2).31

Saliva collection
An average of 5 ml of fasting non-stimulated saliva was collected by
using the drooling technique from each subject. All subjects were
advised to rinse their mouths with water thoroughly before saliva
collection. Proper instructions were given to ensure collection of suitable
and uncontaminated saliva samples. Saliva samples were collected into
test tubes between 9:00 a.m. and 12:00 noon, and kept in ice before
being centrifuged for 15 minutes at 3000 rpm at 4°C. The supernatant
was then divided into aliquots of 1 ml in Eppendorf tubes and stored at
-80°C until analysis.

Measurement of salivary leptin concentration
The frozen salivary samples were brought up to room temperature and
salivary leptin was measured by enzyme-linked immunosorbent assay
(ELISA) utilising the commercial ELISA kit for human leptin (SEA084Hu,
Cloud-Clone Corp., Houston, TX, USA). The assay was conducted
according to the manufacturer’s instructions.32 Each salivary sample was
analysed in duplicates.

Statistical analysis
Data were analysed using IBM SPSS version 22.0 (SPSS Institute, Chicago,
IL, USA). Independent sample T-test was used to compare between the
two groups in all the parameters measured. Multiple regression analysis
was used to analyse the association of salivary leptin concentration as a
dependent variable with age, height, weight, BMI, WC, HC, WHR, WF, SCF,
VF, whole body skeletal muscle mass, regional muscle mass in arms, legs
and trunk, as independent variables in both groups. Levels of significance
used in this study are as follows: p<0.05 is considered significant with
a confidence interval (CI) 95%, p<0.01 significant with CI 99%, p<0.1 is
considered significant with CI 90%.

Results
This was a cross-sectional study of 92 healthy adult Malay males, aged
between 18–25 years old. Salivary samples from all participants were
analysed, of which 55.4 % (n=51) were of normal–underweight and
44.5 % (n=41) were overweight–obese (Table 1). All of the measured
variables were found to be significantly different between the two
groups, except salivary leptin levels and height, which were found to
be similar (see Table 1).
In the normal–underweight group, a multiple regression analysis revealed
a significant positive correlation between salivary leptin levels with HC,
WC and WHR, with HC being the most important predictor for salivary
leptin levels (see Table 2). However, the analysis revealed an absence of
correlation between salivary leptin levels with age, weight, BMI, WF, VF,
SCF, whole body skeletal muscle mass, regional muscle mass in arms,
legs and trunk (see Table 2) in the same group. In overweight–obese
group, the regression analysis revealed a significant correlation between
salivary leptin levels with height at p<0.05, WC, HC, WHR and RM with
p<0.1. The results also showed lack of correlation of salivary leptin levels
with any of the other anthropometric measurements (see Table 3).

Discussion
The strong correlation that has been reported between the protein
levels in saliva and plasma,24 has made saliva an attractive diagnostic
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Table 1: Mean anthropometric measurements and salivary leptin levels of the studied groups
Parameters

Normal–underweight (n=51)

Overweight–obese (n=41)

P value

Age (years)

20.3 ± 1.8

21.2 ± 2.1

0.035*

Weight (Kg)

57.959 ± 6.5

89.117 ± 17.6

0.00**

Height (cm)

168.37 ± 6.1

169.51 ± 4.9

0.337

BMI (Kg/m2)

20.451 ± 2.3

30.810 ± 5.2

0.00**

WC (cm)

74.176 ± 5.1593

100.302 ± 14.0113

0.00**

HC (cm)

91.824 ± 5.8599

111.220 ± 9.5178

0.00**

WHR

0.8091 ± .04950

0.8993 ± .06978

0.00**

WF (% of body weight)

14.569 ± 4.6108

27.256 ± 5.7372

0.00**

Body age (year)

21.45 ± 4.8

44.3 ± 11.3

0.00**
0.00**

RM

1444.8 ± 105.5

1886.2 ± 246.5

VF level (cm2)

4.08 ± 2.038

14.49 ± 5.793

0.00**

SCF (% of body weight)

10.210 ± 2.9966

19.873 ± 4.6889

0.00**

WMM

35.922 ± 3.6989

31.227 ± 2.5166

0.00**

MMA

41.129 ± 4.9103

35.695 ± 3.1467

0.00**

MML

53.667 ± 2.1095

47.327 ± 4.6069

0.00**

MMT

30.945 ± 2.8667

24.263 ± 5.9712

0.00**

Salivary leptin (ng/ml)

16.6104 ± 4.51883

16.1666 ± 4.07751

0.626

Body age is a measurement of biological age based on health and fitness level, calculated based on body mass, body fat and resting metabolism. Data are expressed as
mean ± SD. *p<0.05 significant difference between the groups using T-test. **p<0.01 significant difference between the groups using T-test. BMI = body mass index;
HC = hip circumference; MMA = muscle mass of the arms; MML = muscle mass of the legs; MMT = muscle mass of the trunk; RM = resting metabolism; SCF = subcutaneous
fat; VF = visceral fat; WC = waist circumference; WF = whole body fat percentage; WHR = waist–hip ratio; WMM = whole body muscle mass.

Table 2: Multiple linear regression analysis of salivary leptin concentration as a dependent variable with anthropometric
measurements as independent variables in the normal–underweight group
Coefficientsa
Model

1

Unstandardised Coefficients

Standardised Coefficients
Beta

t

Sig.

B

Standard Error

Constant

-360.483

258.850

-1.393

0.173

Age

0.983

0.784

0.409

1.253

0.219

Height

-0.330

0.936

-0.447

-0.353

0.726

Weight

0.936

2.621

1.356

0.357

0.723

BMI

-1.771

4.129

-0.917

-0.429

0.671

WF

-2.625

5.662

-2.679

-0.464

0.646

VF

1.112

2.518

0.501

0.442

0.662

WC

-3.690

1.951

-4.213

-1.891

0.067

HC

3.621

1.748

4.695

2.071

0.046

WHR

354.202

171.915

3.821

2.060

0.047

Body age

-0.309

0.531

-0.329

-0.582

0.564

RM

-0.043

0.135

-1.011

-0.321

0.750

SCF

4.977

8.954

3.300

0.556

0.582

WMM

0.342

0.241

0.280

1.423

0.164

MMA

-0.032

0.046

-0.358

-0.700

0.489

MMT

1.152

4.988

0.731

0.231

0.819

MML

1.028

0.879

0.480

1.170

0.250

Dependent variable: leptin. Body age is a measurement of biological age based on health and fitness level. *significant, p<0.05. **significant p<0.1. BMI = body mass index;
HC = hip circumference; MMA = muscle mass of the arms; MML = muscle mass of the legs; MMT = muscle mass of the trunk; RM = resting metabolism; SCF = subcutaneous fat;
VF = visceral fat level; WC = waist circumference; WF = whole body fat percentage; WHR = waist–hip ratio; WMM = whole body muscle mass.

a

tool that can be used as an alternative to blood to measure several
biomarkers. A previous study showed that salivary leptin levels were
almost the same as they are in plasma,33 and another study reported a
strong correlation between salivary and plasma leptin levels in adults.27
These findings support that the salivary leptin levels that are reported in
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our study are equivalent with leptin plasma levels. This is the first study
to investigate the association of salivary leptin concentrations with BMI,
fat distribution in subcutaneous versus visceral, total skeletal muscle
mass as well as regional muscle mass in arms, trunk and legs, body age
and resting metabolism in healthy young adult Malay males who are
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Table 3: Multiple linear regression analysis of salivary leptin concentration as a dependent variable with anthropometric
measurements as independent variables in the overweight–obese group
Coefficientsa
Model

1

Unstandardised Coefficients

Standardised Coefficients
Beta

t

Sig.

B

Standard Error

Constant

-308.106

224.822

-1.370

0.183

Age

0.117

0.511

0.063

0.230

0.820

Height

0.904

0.437

1.100

2.069

0.049*

Weight

4.859

2.775

21.001

1.751

0.093

BMI

2.134

2.482

2.766

0.860

0.398

WF

-2.580

1.556

-3.630

-1.658

0.110

VF

-0.292

2.067

-0.414

-0.141

0.889

WC

-4.452

2.472

-15.298

-1.801

0.084**

HC

3.954

2.182

9.230

1.812

0.082**

WHR

478.524

268.546

8.189

1.782

0.087**

Body age

-0.205

0.147

-0.572

-1.399

0.175

RM

-0.336

0.184

-20.332

-1.829

0.080**

SCF

0.088

0.808

0.101

0.109

0.914

WMM

-0.471

1.649

-0.290

-0.285

0.778

MMA

-0.254

0.578

-0.196

-0.439

0.664

MMT

-0.153

0.426

-0.224

-0.359

0.723

MML

-0.212

0.218

-0.239

-0.971

0.341

Dependent variable: leptin. *significant, p<0.05. **significant p<0.1. Body age is a measurement of biological age based on health and fitness level. BMI = body mass index;
HC = hip circumference; MMA = muscle mass of the arms; MML = muscle mass of the legs; MMT = muscle mass of the trunk; RM = resting metabolism; SCF = subcutaneous fat;
VF = visceral fat level; WC = waist circumference; WF = whole body fat percentage; WHR = waist–hip ratio; WMM = whole body muscle mass.
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normal–underweight versus overweight–obese. This will help to
investigate the most important anthropometric measures that can be
used to predict the level of salivary leptin in these groups of people.
The current study was limited to only one ethnic group to reduce the
confounding factors that may affect leptin concentrations.34
Although, the present study confirmed the presence of a highly
significant difference between normal-underweight and overweightobese adult males in body weight, BMI, WF, VF, SCF, total and regional
skeletal muscle masses, body age and resting metabolism, there was
no difference between the two groups in their height nor their salivary
leptin levels. This may reflect the importance of height in determining the
salivary leptin levels.
The lack of association between leptin levels and BMI that is found in
our study is in agreement with the finding of a study done in Burnei
secondary school children who were mostly Malays.26 Contrary to
that, studies conducted among Omanis and Pakistanis have reported
the presence of positive association between serum leptin levels and
BMI.20,35 These conflicting results could be due to the different ethnic
and age groups used. Further studies are needed in this regard for
more understanding.
Our study also revealed lack of correlation between salivary leptin
levels with WF as well as fat distribution; visceral versus subcutaneous.
Controversial results from similar studies done among different
population groups have been reported. A study done in older Caucasian
and African-America subjects of both genders in the United States
revealed that leptin concentrations were dependent on WF in Caucasian
women but not in African-American women or in men.21,36 Another
study reported that serum leptin levels were correlated with the WF but
not abdominal fat.37 Further studies are required to find out the effect
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of ethnicity, age and gender (hormonal difference) on the correlation
between leptin levels and adiposity measures.
Our results confirm the presence of a difference in the predictors for
salivary leptin levels in the normal–underweight group as compared
with the overweight–obese group. HC seemed to be the most important
predictor for salivary leptin levels in the normal–underweight group.
This is in agreement with Ho et al. who reported HC as a significant
determinant for plasma leptin in an Asian cohort.38 The inverse correlation
between HC with blood glucose and lipids as well as blood pressure that
were reported by previous studies39–42 could be explained by the positive
predictive effect of HC on salivary leptin levels found in the present
study; as HC increases, leptin levels increases.
WC and WHR appear to be good predictors for salivary leptin levels in
both of the groups in our study. This is in agreement with findings in
similar studies involving different populations.43–45 This is also partially
in agreement with Ayina et al., who reported that BMI and WC were
significantly associated with leptin in a Sub-Saharan African population.46
The findings of the present study showed that height was the strongest
predictor for salivary leptin levels in overweight–obese subjects. As
height increases by one unit, salivary leptin increases by 0.9 units. This
may be explained by the fact that bone is an important source of leptin.17
However, a study conducted by Wells and Cole reported that height was
independently negatively associated with leptin.47 These contradictory
results may be explained by the different age groups used.
The direct correlation observed between leptin and height may be also
explained by the central and peripheral effects of leptin on bone mass. In
addition to the central effect of leptin in prompting the increase of bone
mass that has been reported in leptin-deficient ob/ob mice following
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central infusion of leptin,48 leptin has a direct effect on the osteoblasts
and bone-derived mesenchymal cells.49 Leptin receptors were also found
to be abundant in the periosteium.17 In addition, the stimulating effect of
leptin on bone can be mediated by insulin-like growth factor-1, which is
a potent osteogenic factor.17
In conclusion, our study revealed lack of association between salivary leptin
concentrations with BMI, WF and fat distribution in healthy adult Malay
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