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O

bjectives: The study aimed to measure salivary ghrelin levels in healthy adult males and investigate their association with age,
weight, height, total as well as regional body fat and muscle mass. The study also aimed to investigate the relative contribution
of body mass index (BMI), waist circumference (WC), hip circumference (HC), waist-to-hip ratio (WHR) and waist-to-height ratio
(WHtR) in predicting salivary ghrelin levels in the studied groups. Methods: A sample of young adult males was divided into underweight,
normal weight, overweight, and obese groups, according to their BMI. Standardised methods were used to measure height, WC and HC.
Total body fat, visceral fat, subcutaneous fat, total and regional muscle mass were assessed by bioelectrical impedance technique utilising
Karada scan. Salivary ghrelin concentrations were assessed using enzyme-linked immunosorbent assay. Results: A total of 90 adult males
were included in the analysis (underweight n=9, normal weight n=41, overweight n=22, and obese n=18). One-way ANOVA test revealed
significant differences among the groups in all of the variables except height and salivary ghrelin levels. Multiple linear regression revealed a
significant association between salivary ghrelin levels with total fat, subcutaneous fat, visceral fat and muscle mass in the obese group. The
analysis also revealed that BMI, WC, HC, WHR and WHtR were reliable predictors for salivary ghrelin levels in the obese group but not in other
groups. Conclusions: Anthropometric measures can be used as predictors for salivary ghrelin levels in healthy obese adults. However, they
are poor predictors for salivary ghrelin levels in healthy lean, normal and overweight adults.
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Obesity is now a major public health issue with an increasing prevalence worldwide.1 Obesity
is also closely linked to increased morbidity and mortality caused by the complications related
to obesity, such as type II diabetes, atherosclerosis, hypertension, infertility, neurodegenerative
diseases, and even cancers.2,3 Obesity is the deposition of excess fat in the body caused by an
imbalance between the energy intake and expenditure.4 Body-fat distribution in overweight and
obese individuals, subcutaneous versus visceral, is detrimental in the occurrence of obesity-related
complications.5–7 Adipose tissue is not inert, but it is an active tissue that secretes adipokines;
some are beneficial, such as adiponectin, others are pro-inflammatory, such as tumour necrosis
factor-α (TNF-α) and visfatin.8 The imbalance, or alteration, of these secretions in obese individuals,
results in the development of an inflammatory sate leading to complications.9 Studies have
shown that visceral adiposity, or central fat, is more associated with complications as opposed to
subcutaneous, or peripheral fat, accumulation.10,11
The exact reasons and pathogenesis of obesity are still not fully understood. However, many factors
contribute to obesity, such as lack of physical activity; increased consumption of fast food; stress;
genetic predisposition; and hormonal disorders including the hormones involved in food intake
regulation and maintenance of body weight, such as leptin, ghrelin, insulin, and adiponectin.12–5
Ghrelin is a 28-amino acid appetite-stimulating peptide that is secreted mainly by gastric mucosal
X-cells.16 Ghrelin is also released by many other central, as well as peripheral, tissues, including
the hypothalamus, pituitary gland, intestinal epithelium, pancreas, liver, and adipose tissue.17
Ghrelin has two forms, acyl ghrelin and des-acyl ghrelin (DAG). DAG is the predominant circulating
form, contributing 90% of the total ghrelin. Ghrelin exerts its functions by acting on the growth
hormone secretagogue receptor 1α (GHS-R1α), promoting growth-hormone release and other
ghrelin functions.18 Ghrelin has many other functions including its role in energy homeostasis and
maintenance of body weight by promoting food intake, energy conservation and fat deposition.15–7
Studies have reported a negative correlation between ghrelin levels and body weight,19 and an
increase of ghrelin level during fasting and upon weight loss, supporting the role of ghrelin in the
maintenance of body weight.20,21 Studies have also reported an association between the decrease
in ghrelin level with insulin resistance and the development of type II diabetes in obese subjects.22,23
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It has been reported that ghrelin promotes angiogenesis and regeneration
of ischaemic cardiac cells.24,25 Ghrelin was also reported to promote
gluconeogenesis during hypoglycaemic conditions.26,27 In addition, it
plays a role in promoting muscle cell proliferation and differentiation.28
This brings to attention the possible use of ghrelin level as a screening
test for insulin resistance and other obesity-associated complications,
such as cardiovascular diseases.
The current study aimed to measure salivary ghrelin levels in healthy
adult males with variable body mass index (BMI). We chose to measure
ghrelin levels in saliva as studies have shown a significant correlation
between salivary and serum ghrelin levels in healthy obese and
non-obese individuals.29–32 Thus, using saliva instead of serum for
monitoring ghrelin levels should decrease the level of patient discomfort
associated with blood tests. The study also aimed to investigate the
relative contribution of body fat (total, visceral, and subcutaneous),
muscle mass (total and regional), age, height and weight in predicting
salivary ghrelin concentrations, as well as the possible use of simple
anthropometric measures as predictors for the change in the salivary
ghrelin levels in adult males. The study sample included only Malays and
was confined to only males to avoid the confounding effects of race and
gender on the salivary ghrelin levels. To our knowledge, this study is the
first to investigate the correlation between the salivary ghrelin levels and
anthropometric measures, body fat distribution, and muscle mass in
adult Malay healthy males.

Materials and methods
Ethical approval
The protocol for the study was reviewed and approved by the Research
Management Committee at 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. Participants were briefed about the study
objectives, expected outcomes and the steps involved, and signed a
written consent before starting.

Subjects
The study design involved a convenient sampling method; an
announcement was open to all Malay males at MAHSA University who
are aged 18–25 years old. Exclusion criteria included diabetes mellitus,
hypertension or any cardiac disease, hormonal alterations, decrease or
increase in body weight in the last 3 months of >5 kg, and the use of
medications that could affect body composition.

Anthropometric measurements
The height of each subject was measured to the nearest 0.1 cm
using a stadiometer. The Bioelectrical Impedance Omron Karada Scan
HBF-362 (Omron Healthcare, Kyoto Prefecture, Japan) was used to
measure body weight, BMI, total body fat %, resting metabolic rate in
kcal, visceral fat, whole-body subcutaneous fat %, regional subcutaneous
fat % (in trunk), arms and legs, whole-body muscle mass % and regional
muscle mass % (in trunk), arms and legs. The bioelectrical impedance
technique used to measure body composition with the Karada scan was
proven to be correlated well with other methods such as dual-energy
X-ray absorptiometry33,34 and even computed tomography.35 Body age, a
measurement of biological age, was based on health and fitness level,
calculated based on body mass, body fat, and resting metabolism.
Each subject was given clear and complete instructions on how to stand on
the sensor platform of the Karada scan in an upright position, barefooted,
and holding the fat analyser with arms extended. While standing, a
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measuring tape was used to measure waist circumference (WC) and
hip circumference (HC) of each subject to the nearest 0.1 cm. WC was
measured at the end of normal expiration at the midpoint between the
lower costal border (tenth rib) and the iliac crest, while HC was measured
at the maximum circumference around the buttocks. Waist-to-hip
ratio (WHR) and waist-to-height ratio (WHtR) were then calculated. The
participants were categorised into four groups based on the World Health
Organization (WHO) classification of BMI: lean or underweight group,
BMI <18 kg/m2; normal weight group, BMI 18–24.9 kg/m2; overweight
group, BMI 25–29.9 kg/m2; and obese group, BMI ≥30 kg/m2.36

Saliva collection
An average volume of 5 mL fasting, non-stimulated saliva was collected
from each subject through the drooling technique. All subjects were
given proper instructions to ensure obtaining non-contaminated suitable
samples of saliva. Each subject thoroughly rinsed his mouth with water
before saliva collection. The samples were collected between 9 am and
12 pm. The samples were put in ice until being centrifuged at 3000 rpm
at 4°C for 15 minutes. The supernatant was then divided into aliquots of
1 mL in Eppendorf tubes and stored at -80°C until analysis.37

Measurement of salivary ghrelin concentration
Salivary ghrelin was assessed by enzyme-linked immunosorbent assay
(ELISA) using the commercial ELISA kit for human ghrelin (KA1863,
Abnova, Taipei, Taiwan). Each sample was measured in duplicates.

Statistical analysis
The collected data were analysed using IBM SPSS version 26.0 (SPSS
Institute, Chicago, IL, USA). The statistical difference among the groups
in all parameters measured was tested using a one-way ANOVA test. For
each group, multiple linear regression analysis was used to investigate
the association between salivary ghrelin concentration as a dependent
variable with age, height, weight, total fat, visceral fat, total subcutaneous
fat, regional subcutaneous fat (in trunk, arms and legs) total as well as
regional muscle mass (in trunk, arms and legs) as independent variables.
Multiple regression analysis was performed to assess the predictive
effect of anthropometric measures, including WC, HC, WHR and WHtR
on salivary ghrelin concentrations for each group where salivary ghrelin
concentration was the dependent variable. An alpha of p<0.05 was
considered significant.

Results
The study was a cross-sectional study that used a sample of 90 adult
healthy Malay males aged 18–25 years old. Study participants were split
into the following groups based on weight: underweight (n=9; 10.0%),
normal weight (n=41; 45.6%), overweight (n=22; 24.4%) and obese (n=18;
20.0%). All of the measured parameters were found to be significantly
different among groups, except height, and salivary ghrelin levels, which
were found to be similar (Table 1).
The multiple regression analysis between salivary ghrelin as a dependent
variable with age, weight, height, total fat percentage, total and regional
subcutaneous fat, total and regional muscle mass, and visceral fat as
independent variables, revealed an absence of association between the
salivary ghrelin level with any of these variables in underweight, normal
weight and overweight groups. However, the same model of regression
revealed a significant association between salivary ghrelin levels and the
stated independent variables in the obese group (r=0.96, p=0.04) (Table 2).
Table 2 also shows an adjusted R-square of 0.741, which refers to the
proportion of variance in the dependent variable (salivary ghrelin level)
that can be predicted from the independent variables (age, weight, height,
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Table 1: Anthropometric measurements and mean levels of salivary ghrelin
Parameters

Underweight (n=9)

Normal weight (n=41)

Overweight (n=22)

Obese (n=18)

P value

Age (years)

19.8 ± 1.3

20.4 ± 1.9

21.7 ± 2.2

20.6 ± 2.0

0.03*

Weight (kg)

49.8 ± 4.0

59.7 ± 5.7

77.7 ± 6.7

104.1 ± 15.9

0.01*

Height (cm)

171 ± 6.0

167.9 ± 6.1

169.0 ± 5.3

170.1 ± 4.7

0.36

BMI (kg/m2)

17.0 ± 0.8

21.2 ± 1.9

27.1 ± 1.25

35.6 ± 4.4

0.01*

WC (cm)

69.5 ± 4.4

75.2 ± 4.8

90.8 ± 7.1

112.7 ± 10.3

0.01*

HC (cm)

86.0 ± 8.3

93.1 ± 4.5

104.9 ± 4.9

119.3 ± 7.7

0.01*

WHR

0.8 ± 0.07

0.8 ± 0.04

0.9 ± 0.07

0.9 ± 0.05

0.01

WHtR

0.4 ± 0.02

0.4 ± 0.03

0.5 ± 0.04

0.7 ± 0.06

0.01*

WF (% of body weight)

12.2 ± 4.8

15.2 ± 4.5

23.3 ± 3.6

32.3 ± 3.7

0.01*

Body age (year)

18.0 ± 0.0

22.2 ± 5.1

38.2 ± 4.8

53.6 ± 6.7

0.01*

RM (kcal)

1,322.0 ± 78.9

1,470.8 ± 92.5

1,730.0 ± 100.9

2,088.8 ± 229.5

0.01*

VF level (cm2)

1.3 ± 0.5

4.6 ± 1.7

10.5 ± 1.6

19.6 ± 5.1

0.01*

WSCF (% of body weight)

8.4 ± 2.8

10.6 ± 2.9

16.6 ± 2.3

24.0 ± 3.6

0.01*

SCFA %

13.5 ± 5.0

16.8 ± 3.8

23.3 ± 3.8

31.6 ± 4.6

0.01*

SCFT %

6.9 ± 2.4

9.0 ± 3.2

15.3 ± 2.2

22.9 ± 3.9

0.01*

SCFL %

13.3 ± 4.2

15.8 ± 4.1

23.0 ± 4.0

32.6 ± 4.4

0.01*

WMM %

35.1 ± 4.0

36.1 ± 1.9

32.9 ± 1.6

29.1 ± 1.7

0.01*

MMA %

43.9 ± 1.4

40.5 ± 5.2

37.3 ± 2.6

34.4 ± 1.8

0.01*

MML %

55.3 ± 1.9

53.3 ± 2.0

48.4 ± 6.7

45.9 ± 2.6

0.01*

MMT %

32.9 ± 2.9

30.5 ± 2.7

26.8 ± 2.7

20.3 ± 2.3

0.01*

Salivary ghrelin (pg/mL)

355.4 ± 172.9

378.2 ± 159.9

339.2 ± 153.9

357.8 ± 153.5

0.64

Data are expressed as mean ± SD.
*p<0.05 significant difference among the groups using a one-way ANOVA 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;
SCFA= subcutaneous fat in the arms; SCFT= subcutaneous fat in the trunk; SCFL = subcutaneous fat in the legs; VF = visceral fat; WC = waist circumference; WF = whole-body
fat percentage; WHR = waist-hip ratio; WHtR= waist-to-height ratio; WMM = whole-body muscle mass; WSCF = whole-body subcutaneous fat.

Table 2: Model summary of the multiple linear regression
analysis of salivary ghrelin concentration as a dependent
variable with age, weight, height, muscle mass and
body fat in underweight, normal weight, overweight,
and obese groups
Group

R

R square

Adjusted R

F

P value

square
Underweight

1.0

1.0

–

–

–

Normal weight

0.550

0.302

–0.033

0.901

0.563

Overweight

0.787

0.619

0.000

1.000

0.520

Obese

0.961

0.924

0.741

5.044

0.043*

*Significant association p<0.05.
Dependent variable: ghrelin. Predictors (constant): age, height, weight, whole-body
muscle mass, total body fat percentage, and whole-body subcutaneous fat,
the muscle mass of the arms, legs, and trunk, subcutaneous fat in the arms, legs,
and trunk, as well as visceral fat.

total fat percentage, total and regional subcutaneous fat, total and regional
muscle mass, and visceral fat) indicating that those variables can predict
74.1% of the change in the salivary ghrelin levels in the obese group. In
the obese group, the results revealed a significant positive correlation
between salivary ghrelin level with total fat percentage, visceral fat and
subcutaneous fat in the legs – the higher the total body fat, visceral fat
and subcutaneous fat in legs, the higher the salivary ghrelin level in obese
healthy adult males. However, ghrelin levels negatively correlated with
regional subcutaneous fat, in arms and trunk.
The analysis revealed an absence of association between the salivary
ghrelin levels with age, height, body weight, total and regional muscle
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mass in the arms, trunk and legs (Table 3) in the group. Multiple linear
regression analysis between salivary ghrelin levels as a dependent
variable with BMI, WC, HC, WHR and WHtR revealed an absence of
correlation between these variables and ghrelin levels in underweight,
normal and overweight groups (Table 4). However, it revealed a
significant positive correlation between ghrelin levels with BMI (p=0.02),
HC (p=0.006) and WHR (p=0.003), respectively, and a significant negative
correlation with WC (p=0.01) and WHtR (p=0.001) in the obese group
(Table 5).

Discussion
Although ghrelin is known to be the hunger hormone that plays a
significant role in increasing food intake, fat deposition and weight gain,
it also has many protective effects such as improving insulin resistance,
promoting muscle cell proliferation and differentiation, and others.27
The monitoring of ghrelin level, especially in obese individuals, can help
to predict insulin resistance and other obesity-related complications.
The strong correlation between ghrelin levels in plasma and saliva has
made saliva a good reliable, non-invasive, convenient alternative to
serum measure of ghrelin levels.31,32 However, limited studies have been
conducted to investigate the correlation between salivary ghrelin levels
with anthropometric measurements in healthy adults with variable BMI.
This is the first study aimed at measuring salivary ghrelin levels
among healthy adult Malay males and their association with different
anthropometric measures in underweight, normal weight, overweight,
and obese adults. The study findings revealed a significant difference
among adult males with different BMI categories in most of the measured
variables: body weight; age; resting metabolism; total body fat; visceral
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Table 3: Multiple linear regression analysis of salivary
ghrelin concentration as a dependent variable with age,
weight, whole-body fat, regional fat, and muscle mass
in the obese group
Model

Unstandardised

Standardised

Unstandardised

Standardised

coefficients

coefficients

coefficients

coefficients

Beta

B

B

Standard

t

P value

Table 5: Multiple linear regression analysis of salivary
ghrelin concentration as a dependent variable with waist
circumference, hip circumference, body mass index,
waist-to-hip ratio, and waist-to-height ratio in the obese group
Model

error

P value

Beta

error

(Constant)

-24,635.014

11,857.448

-2.078

0.092

(Constant)

-25,268.538

7,510.029

-3.365

0.006*

Age

9.907

18.238

0.129

0.543

0.610

BMI

41.769

15.635

1.208

2.672

0.020*

Height

-12.279

11.256

-0.376

-1.091

0.325

WC

-205.071

67.223

-13.804

-3.051

0.010*

Weight

-28.378

11.985

-2.944

-2.368

0.064

WHR

29,137.719

7,988.247

8.737

3.648

0.003*

WF

352.125

102.133

8.378

3.448

0.018*

HC

207.864

61.984

10.384

3.354

0.006*

VF

225.297

80.006

7.519

2.816

0.037*

WHtR

-7,622.987

1,658.159

-2.952

-4.597

0.001*

SCFA

-883.209

287.812

-26.232

-3.069

0.028*

SCFT

-809.964

262.961

-20.986

-3.080

0.027*

SCFL

1,182.668

384.296

33.710

3.077

0.028*

WMM

967.035

397.301

10.580

2.434

0.059

MMA

-14.374

90.017

-0.165

-0.160

0.879

MMT

-204.739

108.892

-3.043

-1.880

0.119

MML

-31.279

13.195

-0.524

-2.370

0.064

*Significant association p<0.05.
MMA = muscle mass of the arms; MML = muscle mass of the legs; MMT = muscle
mass of the trunk; SCFA = subcutaneous fat in the arms; SCFL = subcutaneous fat in
the legs; SCFT = subcutaneous fat in the trunk; VF = visceral fat; WF = whole body fat
percentage; WMM = whole body muscle mass; WSCF = whole body subcutaneous fat.

Table 4: Model summary of the multiple linear regression
analysis of salivary ghrelin concentration as a dependent
variable with waist circumference, hip circumference, body
mass index, waist-to-hip ratio, and waist-to-height ratio
in normal weight, overweight and obese groups
Group

R

R square

Adjusted R

F

P-value

square
Underweight

0.92

0.85

0.61

3.498

0.166

Normal weight

0.414

0.171

0.053

1.444

0.233

Overweight

0.255

0.065

-0.227

0.222

0.948

Obese

0.879

0.773

0.678

8.156

0.001*

*Significant association p<0.05.

fat; total subcutaneous fat; subcutaneous fat in arms, trunk and legs;
total muscle mass; and regional muscle mass of the arms, trunk and legs.
There was no significant difference in salivary ghrelin levels and height.
This may reflect the importance of height in ghrelin level variation.
The absence of any significant difference in salivary ghrelin levels
among groups of different BMI categories found in this study is in line
with a study conducted in Germany by Benedix et al., which compared
serum and salivary ghrelin levels among healthy controls, morbidly
obese, and patients with carcinoma, and reported that salivary ghrelin
levels did not differ among the groups.31 This can be explained by the
tight physiological regulation of the ghrelin levels that involves not only
changes in body composition, but also many central and peripheral
signals, such as fasting blood glucose level, insulin, leptin and others.17
This was also reported in a study by Wadden et al., which found
that serum-acylated ghrelin levels were the same in normal weight,
overweight and obese men at baseline.38
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Standard

t

*Significant association p<0.05.
BMI = body mass index; HC = hip circumference; WC = waist circumference;
WHR = waist-to-hip ratio; WHtR = waist-to-height ratio.

Although age, weight, total fat, visceral fat, and total and regional
subcutaneous fat in arms, trunk and legs seem to be of lower
significance in predicting salivary ghrelin levels in underweight,
normal weight and overweight groups, they were able to predict
74.1% of the changes in salivary ghrelin levels in obese individuals,
reflecting the significance of these parameters in predicting
ghrelin-level changes in obese subjects. Our findings revealed that
whole fat, visceral fat and regional subcutaneous fat were more
important in determining ghrelin levels in the saliva of obese adults
than muscle mass. The significant correlation between salivary
ghrelin levels and visceral fat reported in our study is in agreement
with a previous study conducted in Denmark, 2009, which reported
that visceral fat mass was a strong predictor of basal ghrelin
concentrations and also attenuated the suppressive effect of insulin
on ghrelin concentrations in obese premenopausal women.39
The present study also revealed the significant effects of the simple
anthropometric measures, BMI, WC, HC, WHR and WHtR, in predicting
the changes in salivary ghrelin levels in obese healthy adults. The
positive correlation between salivary ghrelin levels and BMI reported in
our study among obese participants concurs with a study conducted
among Chinese children and adolescents.40 However, it differed
from the results of a study conducted in Germany, which reported a
negative correlation between BMI and salivary ghrelin levels.41 This
difference may be due to different sample sizes, study groups and
study design. Although WC is a simple anthropometric indicator of
abdominal obesity, it has its limitation in assuming the same cut-off
point for individuals with different statures, since they also present
unequal body proportions.42
Studies have shown the superiority of WHtR in comparison with
other anthropometric measures in screening for obesity-related
complications.43,44 The present study revealed a significant negative
association between salivary ghrelin levels with both WC and WHtR
and a positive correlation with HC and WHR. This is in agreement with a
previous study conducted among Iranian adolescents by Heshmat et al.
2016,45 and partially in agreement with the results of a study conducted
by Stepien et al., in Poland, which revealed a non-significant positive
correlation with WHR in insulin-sensitive obese patients. However,
in the insulin-resistant group of Stepien’s study, ghrelin was not
significantly correlated negatively with WHR.46 These results indicated
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that the association between ghrelin levels and anthropometric
measures is greatly affected by insulin resistance. This is evidenced in a
meta-analysis by Zhang et al. on the association between circulatory
ghrelin and obesity-associated insulin resistance which concluded a
negative correlation between ghrelin level and insulin resistance.47
The current study limited the assessment of ghrelin levels to saliva based
on the pieces of evidence available on its reliability. The generalisability
of the study results are limited by the small study sample size, limited
age range of subjects, the inclusion of only one race, and that all the
participants were from the same location and were all males.
More studies are recommended to combine measuring ghrelin levels in
saliva and plasma to investigate its correlation with body fat and muscle
mass. Further studies are also needed to assess the difference in ghrelin
levels between males and females, and to measure serum levels of
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