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Abstract
Obesity, a major health concern worldwide, has a pathophysiology related to energy imbalance
in the body. Glucagon-like peptide 1 (GLP-1), secreted by L cells of the intestine, acts as a signal
for energy balance. GLP-1 is a satiation signal that can promote satiety and reduce food intake. Its
secretion is thought to be impaired in obese individuals, causing reduced satiety and hyperphagia.
This study was conducted as a clinical trial to determine the effect of breakfast with a balanced
macronutrient composition (68.2% carbohydrates, 22.6% lipids, and 12.4% protein) on GLP-1
levels in 22 obese versus 21 non-obese subjects.
Blood glucose levels were also evaluated Subjects were provided breakfast, followed by
measurement of blood glucose and GLP-1 levels at 0, 15, 60, 120, and 180 minutes after
intervention. We found that there are no significant differences between blood glucose levels in
obese versus non-obese subjects before or after having breakfast with a balanced macronutrient
composition (p > 0.05).
There was a significant difference between GLP-1 levels in obese and non-obese subjects at 15
and 60 minutes following intervention (p = 0.042 and p = 0.037, respectively). This finding suggests
that there is impairment in postprandial GLP-1 secretion in obese subjects.
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Introduction
Obesity and its comorbidities are a major
health concern globally. In 2014, there were 1.9
billion (39%) overweight and 600 million (13%)
obese adults.1 Meanwhile, in Indonesia, in 2013,
the prevalence of overweight or obese adults
was 13.5% and 15.4% of the general population,
respectively.2 The World Health Organization has
estimated that 44% of global diabetes, 23% of
ischaemic disease, and 7%–41% of specific
cancers’ global burdens are related to obesity.3
Obesity also has psychological impact related to
social stigma and discrimination, which impairs
the quality of life and increases depression
rates.4,5
Obesity can occur when there is an
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imbalance between energy intake and energy
expenditure. Higher energy intake compared to
expenditure results in increased energy storage
in the form of triglycerides in adipose tissues.
Amount of food intake and energy balance is
regulated by a complex biological system, which
also influences the senses of hunger and satiety.
This system involves interactions between
peripheral endocrine, nutritional, as well as
neural signals, which act on the arcuate nucleus
of the hypothalamus.6-8 Peripheral endocrines in
the system can be involved as long- or shortacting signals. Long-acting signals monitor
energy stores to help the brain adjust food intake
and energy expenditure to maintain body weight.
Examples of long-acting signal molecules include
leptin and insulin. Meanwhile, short-acting
signals are modulated by situational and mealrelated factors, such as glucagon-like peptide 1
(GLP-1).9,10
GLP-1 is a 31 amino acid polypeptide
synthesized by L cells of the terminal ileum. It is
a potent incretin, functioning to increase insulin
levels following meals.11 GLP-1 is a cleavage
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product of the preproglucagon gene, and is also
synthesized by the nucleus of the solitary tract in
the brainstem. GLP-1 is a satiation signal
produced by gastric mechanoreceptors when the
stomach is distended by food, and works in
delaying
gastric
emptying
and
motility.
Interventricular injections of GLP-1 have been
found to inhibit food intake, independent of the
presence of food in the stomach. GLP-1
analogues are currently used for treatment of
type 2 diabetes, and could reduce food intake,
appetite, and hunger, while promoting fullness
and satiety, resulting in weight loss.12
GLP-1 is thought to be impaired in obese
people. Most obesity today can be referred to as
polygenic obesity, in which some inherited genes
make certain individuals more susceptible to
obesity.13,14 One such gene is PCSK1 encoding
the enzyme PC1/3, which is involved in the
proteolytic processing of proglucagon yielding
GLP-1 as one of the peptides. In vitro studies
suggest that the enzyme variant in obese people
may not be as active as its common form, resulting
in partial deficiency of the enzyme. Decreased
GLP-1 synthesis promotes increased gastric
motility and gastric emptying, causing reduced
satiety and hyperphagia in obese people.15-19 We
conducted this study to evaluate the levels of GLP1 and blood glucose in obese and non-obese
patients following consumption of a breakfast
containing balanced macronutrient composition.
Methods
Study design. This clinical trial is part of
larger study evaluating the effects of consuming
breakfast with different protein compositions on
several gut endocrines as well as the level of
satiety in obese patients. There are two intervention
groups, obese and non-obese patients. Both groups
were given breakfast with a balanced macronutrient
composition. Two preliminary studies were done
prior to the primary study for taste testing of the
milk formula and to determine sample size. This
study has been approved by Health Research
Ethical Committee of the Faculty of Medicine
Universitas Indonesia – Cipto Mangunkusumo
Hospital, with the letter approval number
307/PT02.FK/ETIK/2010.
Participants. Participants of this study
included women aged 20–40 years old with a
body mass index of 18.5–23 (non-obese) or 25–
30 (obese), stable body weight within the last 6
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months (body weight change < 4 kg), with normal
blood glucose levels. The exclusion criteria
encompassed patients who never ate breakfast,
those in a weight loss program, patients
consuming lipid absorption inhibitors or appetitesuppressing drugs, and individuals having
undergone gastrointestinal tract resection.
Interventions.There were 22 obese and
21 non-obese participants. Before intervention,
participants were interviewed to obtain demographic
data and food intake analysis, and were given
counseling in healthy dietary habits. The day of
intervention, participants were required to fast for
10 hours, with an allowance of mineral water up
to 2 hours before intervention. The breakfast
administered was a milk-based formula which
was required to be consumed within 15 minutes,
and subjects could only consume 600 mL of
mineral water within subsequent 4 hours after
intervention. Participants’ blood was taken prior
to, and 15, 60, 120, and 180 minutes after
intervention, then tested for blood glucose and
GLP-1 levels.
The breakfast administered was adjusted
to the participants’ energy requirements, which
was calculated by adding basal metabolic rate
(BMR) with additional energy from physical activity
around 40%. BMR was calculated by the
Cunningham equation. Breakfast was given as
chocolate milk-based formula with a volume 200
mL. Composition of the formula is shown in Table 1.
Statistical analysis. Statistical analysis
was conducted using SPSS software version 20.
Data distribution was calculated by the ShapiroWilk test. Data analysis was conducted using
independent t-test and Mann–Whitney U test, Breakfast
Calorie
Protein (g)
Carbohydrates (g)
Lipid (g)
Fiber (g)
Form
Volume
Density
Taste

Balanced composition breakfast
200.85
6.25
34.27
5.06
2.25
Liquid
200 mL
1 kcal/1 mL
Chocolate

%
12.4
68.2
22.6

Table 1. Composition of macronutrients in
breakfast formula
depending on the data distribution of each group,
where blood glucose and GLP-1 levels from
obese and non-obese participants were compared
at each point in time (prior to, and 15, 60, 120,
and 180 minutes after intervention). P values <
0.05 are considered to be significant.
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Results
Initially 51 subjects underwent screening,
with 22 obese and 21 non-obese subjects
completing
the
study.
Sociodemographic
characteristics of the subjects are shown below
in Table 2.
Blood glucose and GLP-1 levels at 0, 15,
60, 120, and 180 minutes following intervention
are shown in Figure 1 and Figure 2. Table 3
compares GLP-1 levels in obese versus nonobese patients following intervention with a
breakfast composed of balanced macronutrients.
Table 4 shows the comparison between blood
glucose levels in obese and non-obese patients
after intervention.
Mean GLP-1 levels in obese subjects was
lower than that of non-obese subjects. GLP-1
Characteristics
Age
Education (n, %)
Low
High
Body mass index
Income (n, %)
Below UMP
Equal or more than UMP
Teenage nutritional status (n, %)
Thin
Normal
Overweight
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levels increased with fluctuations after eating
breakfast in both obese and non-obese subjects.
Before consumption of the meal (at minute 0),
there is no significant difference between GLP-1
levels in obese and non-obese subjects.
However, there was a significant difference
between GLP-1 levels of obese and non-obese
subjects at 15 and 60 minutes after the meal.
Previous clinical studies have evaluated
GLP-1 secretion in obese and non-obese subjects.
In several studies, GLP-1 secretion following an oral
glucose tolerance test consistently demonstrated a
reduction in obese subjects.20 Meanwhile,
postprandial GLP-1 responses showed conflicting
results. Faerch et al. and other groups showed
similar results as our study, in which there is lower
level of postprandial GLP-1 - secretion in obese

Obese (n = 22)
31.55  5.34

Non-obese (n = 21)
28.90  5.53

0 (0)
22 (100)
28.68  2.34

0 (0)
21 (100)
21.21  1.12

0 (0)
22 (100)

1(4.8)
21(95.2)

p-value
0.119TT
1.000MW
0.000TT
0.464F

0.002MW

2 (9.1)
9 (42.9)
15 (68.2)
12 (57.1)
5 (22.7)
0 (0)
Notes C: Chi-Square test, M: Mann–Whitney test, UMP: Upah Minimum Propinsi (provincial minimum wage)

Table 2. Sociodemographic characteristics of obese and non-obese subjects
GLP-1 level (pmol/L)
Obese
Time after intervention (minutes)
0
0.165 (1.41)
15
0.245 (1.90)
60
0.205 (1.85)
120
0.250 (2.42)
180
0.220 (2.14)
Notes M: Mann–Whitney test

Non-obese

p-value

0.320 (0.82)
0.500 (1.20)
0.490 (1.11)
0.470 (1.05)
0.500 (1.18)

0.082M
0.042M
0.037M
0.106M
0.061M

Table 3. Comparison between GLP-1 levels in obese and non-obese subjects
Blood glucose level (mg/dL)
Time after intervention (minutes)
0
15
60
120
180

Obese

Non-obese

87.23  6.43
87.05  6.87
112.00 (75.00) 109.00 (71.00)
103.09
 99.52  19.06
25.80
80.59  8.88
79.09  10.41
82.00 (45.00)
80.00 (40.00)
Notes M: Mann–Whitney test, TT: Independent T-test

p-value
0.930TT
0.465M
0.610TT
0.614TT
0.592M

Table 4. Comparison between blood glucose levels in obese and non-obese subjects
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Figure 1. Mean GLP-1 levels in obese and non-obese subjects following intervention

Figure 2. Mean blood glucose levels in obese and non-obese subjects following intervention.
compared to non-obese subjects.21-24 Meanwhile,
earlier studies found that there was no significant
difference in postprandial GLP-1 secretion in
obese versus non-obese subjects.25 Another
report demonstrated that GLP-1 increases after a
meal only correlate positively with satiety in nonobese subjects, which might provide an alternate
hypothesis in the role of GLP-1 in obesity.20
Evidences from clinical studies suggest that
weight gain induces alteration in functional GLP1 signaling. Though the mechanism remains to
be defined, several satiety signals - such as
insulin, leptin, and ghrelin - are thought to participate
in GLP-1 impairment. Increased BMI is associated
with hyperinsulinemia, and increasing glucose
intolerance could impair GLP-1 secretion.
Chronic hyperinsulinemia in obese people might
act as a negative feedback signal inhibiting
postprandial GLP-1 release.21-23 Meanwhile,
Volume ∙ 12 ∙ Number ∙ 1 ∙ 2019

leptin resistance associated with obesity is also
associated with decreased postprandial GLP-1
secretion.20 Physiological ghrelin signaling has
been shown to enhance postprandial GLP-1
release, and a reduction in fasting ghrelin levels
in obese individuals might account for decreased
postprandial GLP-1 release.20
As can be seen in Figure 2, mean blood
glucose levels within obese subjects were slightly
higher than within non-obese subjects. Blood
glucose levels in both groups rose from 0 to 15
minutes after intervention, and then declined.
However, this study found that there was no
significant difference in blood glucose levels
between obese and non-obese subjects at any
point of time following intervention. Previous studies
show that obese people have higher blood
glucose levels and lower glycaemic control. A
study in overweight/obese girls also showed a
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positive association between BMI and fasting
blood glucose.26 However, subjects with abnormal
blood glucose levels have been excluded from
this study, and this exclusion might be a
contributing factor to the nonsignificant results
found in this study.
Conclusions
This study found that there is no significant
difference between blood glucose levels in obese
versus non-obese subjects following consumption
of breakfast with a balanced macronutrient
composition. We did find that there is a significant
difference in GLP-1 levels between obese and
non-obese subjects at 15 and 60 minutes
following this intervention. Therefore, we can
conclude that following the same meal composition,
postprandial GLP-1 release is lower in obese
compared to non-obese subjects. This finding
also supports the theory that there is an
impairment of GLP-1 release and signaling in
obese subjects.
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