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Abstract

Overweight remains a complex public health and global health challenge, with a lack of physical activity being a
significant contributor to its prevalence and the associated heightened risk of degenerative diseases. Glucagon-
like peptide-1 (GLP-1), an incretin hormone linked to overweight conditions, exhibits an increase in response to
physical exercise. This study aimed to assess the impact of acute high-intensity intermittent exercise (HIIE) on
fasting GLP-1 concentrations in overweight women. The research employed an experimental pre—post-test
control group design, involving a sample of 20 overweight sedentary women aged 19-29 years, divided into
experimental (EXP) and control (CON) groups. Both groups were required to observe a minimum fasting period
of eight hours before the exercise (with water allowed). The EXP group engaged in high-intensity interval
exercise (HIIE) using an ergocycle for 60 s at an intensity level ranging from 80% to 90% of the maximum heart
rate (HRmax) at 120 rpm. Active rest was maintained at a low intensity (40 rpm for 60 s), and this cycle was
repeated 10 times. Blood samples were collected both before and 60 min after exercise, which were subsequently
analyzed using the Elabscience E-EL-H6025 human GLP-1 enzyme-linked immunosorbent assay (ELISA). The
results indicated a more significant reduction in fasting GLP-1 concentrations in the EXP group (pre: 17.23 +
6.39 pg/mL; post: 15.11 + 8.02 pg/mL; p = 0.07), compared to a non-significant decrease in the CON group (p =
0.17). Fasting delta GLP-1 exhibited a greater decrease in the EXP group (CON: —1.93 + 4.11 pg/mL; EXP:
—2.11 + 3.29 pg/mL). In conclusion, this study found that acute HIIE influences the fasting GLP-1
concentrations, result in a decrease in fasting GLP-1 concentrations in the EXP group.
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Introduction

Overweight and obesity become global health problem. In 2016, 44% (more than 2 million) adult people
in the world were overweight and obese. Overweight is a condition with excess body weight according to
weight and height, caused by many factors: genetic, lifestyle, social economiy, and environment (Hruby & Hu,
2014). Overweight is known associated with increased risk of degenerative diseases such as hypertension,
hyperlipidemia, type 2 diabetes, coronary heart disease, and other health problems (Porth, 2015). Overweight is a
complex health problem that is usually accompanied by insulin resistance and increased oxidative stress and
expression of inflammatory markers leading to increased fat mass in the body (Hossain et al., 2016).

Sedentary lifestyle is a major factor causing overweight and obesity. Regular physical activity and
exercise are known to increase muscle mass and decrease body fat mass, so physical inactivity is associated with
decreased muscle mass and increased fat accumulation (Guyton & Hall, 2016). High Intensity Intermittent
Exercise (HIIE) can be one of the exercises that can be used to reduce body fat accumulation so as to reduce the
risk of obesity. Research shows that HIIE can significantly reduce abdominal fat in untrained normal or obese
women and men. In addition, HIIE induces fat oxidation during and after exercise, and increases aerobic and
anaerobic capacity (Boutcher, 2011). Based on a study conducted by Vigriawan et al. (2022) the effect of high
intensity interval training (HIIT) on fitness components (VO2max) was shown to be effective in improving
physical fitness in overweight young adult women with a sedentary lifestyle. HIIT is an effective exercise
protocol to increase maximal aerobic capacity in female subjects with a sedentary lifestyle with a frequency of 3
times per week exercise duration of 18-30 minutes per session (Syamsudin, et al., 2021). Physical activity is also
known to cause the body's response by stimulating the secretion of peptide hormones produced by the digestive
organs, one of which is glucagon-like peptide-1 (GLP-1) (Ueda et al., 2013). GLP-1 is an amino acid
polypeptide secreted by L cells via secretory granules on the basolateral membrane of the gastrointestinal tract
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(ileum) (Anandhakrishnan & Korbonits, 2016). Increased GLP-1 is associated with improved B-cell function for
insulin stimulation (Ferch et al., 2015). Increased GLP-1 is associated with improved insulin sensitivity and
inhibits glucagon secretion, decreases hepatic gluconeogenesis, increases satiety, and slows gastric emptying
(Prasad-reddy & Isaacs, 2015). Abnormalities in GLP-1 expression and secretion are common in obesity,
diabetes, and hyperlipidemia. A study conducted by Ferch et al. (2015) showed that GLP-1 response was lower
in overweight and obese people compared to normal weight people. Increased GLP-1 levels post-exercise were
also observed in obese men with acute high intensity interval exercise (HIIE) and moderate intensity continous
exercise (MICE), in addition to an increase in GLP-1 levels there was a decrease in hunger but not lasting
(Matos, Souza, Santos, & Medeiros, 2018). However, the acute effect of high-intensity exercise (HIIE) in
sedentary overweight women on plasma GLP-1 under fasting conditions is unknown.

Material & Methods

This research was quantitative experimental research with pre - post test control group design. The
sampling used purposive sampling technique. Subjects were divided into two groups, namely the experiment
group (EXP) and the control group (CON) using simple random sampling technique and each subject had the
same opportunity in the grouping. All participants were provided with informed consent prior to their enrolment
into this study. This study has been approved by the ethical committee of Faculty of Medicine, Airlangga
University with reference number: 245/EC/KEPK/FKUA/2022.
Participants

This study was conducted on 20 sedentary overweight women (10 EXP, 10 CON). The inclusion criteria
for subjects in this study were adult women aged 19-29 years with overweight body mass index (BMI) criteria of
23-24.9 kg/m2. Not actively doing exercise (<150 minutes of moderate physical activity or <60 minutes of
vigorous physical activity per week) and have normal blood pressure.
HIIE Procedure

The EXP group performed the HIIE protocol using the Astrand ergocycle 10 repetitions for 60 seconds at
intensities of 80 - 90% heart rate maximal (HRmax) 120 rpm with active rest performed at a low intensity of 40
rpm for 60 seconds. The CON group did not perform any exercise. The exercise protocol included a 3-minute
warm-up and 2-minute cool-down at 40 rpm. Exercise was performed acutely or once in the study. The
participant’s heart rate was monitored using a Polar H7 and accompanied by the research team. Figure 1 shows
the exercise protocol in this study.

High intensity,
maximal effort
0% HRmax
{10% 60 sec)
Low intensity/
active rest
6% HRmax
(10x 60 5ex)
I
I | i | L — lT
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Figure 1. Research Protocol. HRmax: heart rate maximal; sec: second; HIIE: high intensity intermittent exercise

Blood Analysis

Blood samples were taken twice before and after treatment in the EXP and CON groups. Subjects were
asked to fast 8 hours before blood collection and intervention. Blood was taken through a vein as much as 5 ml.
In the EXP group, blood was taken after 60 minutes of rest along with the CON group. GLP-1 concentration was
analyzed using the Human GLP-1 Enzyme-Linked Immunosorbent Assay (ELISA) Elabscience E-EL-H6025
with a concentration unit of pg/ml. GLP-1 concentration was also calculated to determine the difference before
and after treatment (delta A GLP-1 = post - pre).
Statistical Analysis

Data were analyzed using SPSS software which includes descriptive analysis, normality and difference
test. Parametric statistical tests used in this study were paired t-test, while the non-parametric test used was Mann
Whitney to analyze the difference in delta GLP-1 between EXP and CON groups with 95% of significant level.

Results

The results of this study showed that the age characteristics of respondents were normally distributed and
there was no difference between the control group and the HIIE group (p>0.05). The characteristics of the
respondents are shown in Table 1. The mean fasting GLP-1 concentration in Table 2 shows that there was no
significant change before and after treatment in both groups (p>0.05). Figure 1 shows that A GLP-1 decrease
was greater in the EXP group (-2.11£3.29 pg/ml) compared to the CON group (-1.93+4.11 pg/ml). The results of
the A GLP-1 difference test using the Mann-Whitney Test showed no difference between the control group and
the treatment group.
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Table 1. Characteristics of Sample

Variable (HE:X{)O) (HC:OIl\IO) p
Age (year) 243 £1.63 23.6+1.71 0.37
Height (cm) 155.1+4.22 158.7 +£7.45 0.21
Weight (kg) 5748 £3.7 60.31 +6.47 0.24
BMI (kg/m?) 23.91£0.60 23.88 £0.62 0.91

Note: Data are presented as mean+SD; CON (control group); EXP (experimental group); BMI (body
mass index)
Tabel 2. Fasting GLP-1 Concentration

EXP CON
GLP-1 (pg/mL) (n=10) (n=10)
Pre 17.23 £6.39 18.41 £6.74
Post 15.11£8.02 1648 £6.13
p* 0.07 0.17

Note: Data are presented as mean+SD; CON — control group; EXP — experimental group; GLP-1 —
glucagon-like peptide-1; “paired t-test analysis.
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Figure 2. A GLP-1 Concentration
Statistical analyzes: Mann Whitney

Discussion

This study analyzed the acute effect of HIIE on fasting GLP-1 concentrations before and after exercise
between the EXP and CON groups. We found that fasting GLP-1 concentrations were not significantly different
before and after treatment in both groups. Fasting GLP-1 decreased in both groups with a greater decrease
occurring in the EXP group 60 minutes after exercise. Study conducted by Kullman et al., (2016) in obese people
with nonalcoholic fatty liver desease (NAFLD) showed a reduction in GLP-1 after acrobic exercise under fasting
conditions. In line with a study conducted by Hamilton et al. (2020) moderate intensity exercise performed on
overweight subjects without food consumption before exercise, decreased GLP-1 concentrations one hour after
exercise for 45 minutes at moderate intensity. Another study also showed that there was a decrease in GLP-1 in
the control group who did not do the exercise. In contrast, a study conducted by Santos-Parker et al. (2017)
showed that post-acute moderate-intensity exercise increased GLP-1 concentrations in both normal and
overweight people. The GLP-1 response after acute exercise increases in normal weight adults, but in overweight
people shows various results, some studies state that there is no change, an increase or even a decrease in GLP-1
in response to acute exercise (Janus et al., 2019). Changes in GLP-1 concentrations were found to increase from
30 to 60 minutes post-exercise, with increased 29% after 30 minutes of exercise, increased 49% after 45 minutes
of exercise, and no increase was found immediately and after 15 minutes of exercise (Holliday & Blannin,
2017b). In addition, a study conducted by applying chronic high-intensity interval training showed that GLP-1
increased after 12 weeks of training (Wang & Wang 2022). Several studies have shown an increase in GLP-1
concentrations in obese people after moderate to high intensity exercise with high volume (60 minutes, 50-70%
VO2max), as well as high intensity exercise (Douglas et al. 2017; Martins et al. 2015).
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GLP-1 is secreted from enteroendocrine L cells that are influenced by nutritional, hormonal,
pharmacological, and neural signals (Fujiwara et al., 2019). Increased GLP-1 may be related to increased
catecholamines and circulating FFAs that stimulate L cells during exercise (Hazell et al., 2016). Increased GLP-
1 secretion can reduce gastric motility, thus reducing the appetite, and exercise is known to lead to a faster
decline in GLP-1 concentrations. GLP-1 in digestion increases satiety secreted by intestinal L cells in response to
food, GLP-1 concentrations are known to be low under fasting conditions and increase during food consumption
(Schubert et al., 2013). This study is also in line with a study conducted by Janus et al., (2019) fasting GLP-1
concentrations were found lower especially for each additional hour spent doing moderate intensity physical
activity. Lower fasting GLP-1 concentrations were associated with higher levels of cardiorespiratory fitness and
total activity volume. In addition, it is also associated with being overweight, which will reduce fasting GLP-1
levels as well as the GLP-1 response after meals (Holts, 2007; Ueda, 2013). The study conducted by Borer et al.,
(2021), which analyzed changes in GLP-1 concentration in exercise before food and changes in GLP-1
concentration after food consumption. The results of the study showed that GLP-1 concentrations were higher in
the group that had a meal before exercise compared to the group that did not have a meal before exercise and
was sedentary. Exercise inhibits insulin secretion through sympathetic response to alpha receptors on pancreatic
beta cells, which may suppress the incretin hormone response. Insulin concentrations were significantly lower
during the postprandial period in the pre-exercise meal consumption group than in the non-exercise meal
consumption and sedentary groups. However, other studies have shown different effects of glucose consumption
on GLP-1 response, a study conducted by Vollmer et al. (2008) showed that a person with impaired glucose
tolerance has a high average GLP-1 response, while a study conducted by Rask et al. (2004) showed a low
average GLP-1 response to glucose.

Plasma glucose levels showed an increase after breakfast and a decrease in the recovery phase after acute
aerobic exercise until 90 minutes back to pre-breakfast levels. These changes occurred along with increased
levels of insulin and GLP-1 (Bock, Monteiro, Berlanda, Casali, & Schaan, 2022). In line with the study
conducted by Devi et al., (2023) with HIIE exercise showed that 1-hour post-exercise glucose concentration
increased. Based on a study conducted by De Lima et al. (2021) also shows that the acute effect of high-intensity
intermittent exercise reduces glycemic variability in patients with type 1 diabetes. In addition, it is known that
GLP-1 is positively correlated with insulin, HOMA-IR, and obesity markers (Abou-Samra et al., 2022). Some
studies have also found that GLP-1 levels are higher in obese individuals, therefore circulating GLP-1 levels
might be used as a potential indicator in the early detection of metabolic syndrome risk in women without a
disease diagnosis (Seon et al., 2021). Studies conducted by Ruslan et al. (2022) also showed that high-intensity
and moderate-intensity interval training can lead to a larger proportion of muscle fibers and improve insulin
sensitivity which can provide a positive response in patients with metabolic diseases.

Increased glucose concentration can increase insulin secretion which is influenced by the secretion of GLP-
1 and GIP, the potential insulin secretion produced is estimated to be up to 50% of the total produced (Roder et
al., 2016). Physical activity is known to affect GLP-1 secretion, where under fasting conditions GLP-1 levels are
at a transient minimum concentration and have the potential to increase significantly when there is nutritional
intake with increased postprandial GLP-1 secretion (Janus et al., 2019). Based on the previous discussion, it is
known that glucose concentration is inversely proportional at 1 hour post-exercise, where during high-intensity
exercise with a short time can affect carbohydrate metabolism (glycogenolysis) in the liver which causes an
increase in blood glucose. Increased adrenaline during exercise increases plasma glucose concentration due to
stimulation of the sympathetic nervous system (Sheerwood, 2016). However, this study showed that GLP-1 was
decreased, which may affect the decrease of insulin secretion, thus affecting the high glucose level.

Some factors that may affect the decrease in GLP-1 concentration in this study are fasting before exercise,
exercise intensity, and time of blood collection after exercise. Future research ideas can analyze the effect of
exercise on GLP-1 concentration by considering the time of blood collection, glucose concentration, insulin, IL-
6 and several other factors that may correlate with GLP-1 secretion such as food consumption before and after
exercise, and diversity of gut microbiota.

Conclusion

Acute high intensity intermittent exercise influences the fasting GLP-1 concentrations 60 minutes post-
exercise. The findings in this study suggest that sedentary overweight women who performed acute HIIE under
fasting conditions caused GLP-1 concentrations to decrease. As previously known, GLP-1 is a treatment for
overweight people to lose weight that works to reduce appetite. Therefore, it is necessary to further analyze the
various types of exercise that can increase GLP-1. This may be influenced by the fasting state before exercise
and thus related to glucose concentrations before, during, and after exercise.
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