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Abstract
Background: Exercise intervention and dietary supplementation are considered as approaches to manage obesity, as
well as, metabolic syndrome (MetS). The aim of the present study was to evaluate the effect of sodium alginate
supplementation with high intensity interval training (HIIT) or moderate-intensity continuous training (MICT) on
serum levels of glucagon and glucagon-like peptide-1 (GLP-1) in women with MetS.

Methods: This randomized controlled clinical trial was performed on 46 women with MetS. Participants were
randomly divided to six groups including: 1) HIIT+ sodium alginate (HS, n=8); 2) HIIT+ placebo (HP, n=8); 3) MICT+
sodium alginate (MS, n=8); 4) MICT+ placebo (MP, n=8); 5) sodium alginate (S, n=7); and 6) control group (P, n=7).
Sodium alginate were prescribed 1.5 gram alone or along with HIIT or MICT sessions (3 times per week).
Anthropometric indices, glycemic pro�le, serum level of glucagon and GLP-1 were measured before and after 8 weeks
intervention.

Results: In HS, HP, MS, and MP groups the mean of weight (p=0.000), body mass index (p=0.001), fasting blood
sugar (p=0.003), insulin (p=0.000), insulin resistance (p=0.043), and glucagon (p=0.011) decreased signi�cantly,
however GLP_1 (p=0/01) level increased signi�cantly after intervention.

Conclusion: Since HIIT and MICT with or without sodium alginate supplementation leads to improvement in
anthropometric indices, glycemic pro�le, serum GLP-1 and glucagon levels, it can be stated that the training method
of the present study is suitable for improving and reducing complications associated with MetS in women.

Trial registration: IRCT20191116045457N1. Registered 27 jan 2020, https://en.irct.ir/trial/43776

Introduction
Obesity is considered as the important public health challenge that the health system in most countries is involved in
its related complications(1). This phenomenon is associated with many diseases and disorders of the heart,
diabetes, as well as some cancers, hypertension, metabolic syndrome (MetS), and osteoarthritis, which have led to
obesity was remembered as one of the most serious threats to human health (2).

MetS refers to the presence of at least three indicators of �ve risk components, including triglyceride more than 150
mg/dl, high density lipoprotein (HDL) less than 52 mg / dl, systolic blood pressure (SBP) greater than 130 mmHg or
diastolic blood pressure (DBP) greater than 85 mmHg, fasting blood sugar (FBS) higher than 100 mg/dl, and waist
circumference (WC) more than 88 cm in women. This syndrome is not a disease in itself, but a set of undesirable
features associated with bad habits and lifestyle, and obesity is strongly associated with an increased prevalence
(3).

Factors that contribute to management of obesity and overweight include lifestyle modi�cation, regular physical
activity, dietary intervention, and psychological factors. Lack of physical activity and excess calorie intake is
associated with obesity, which is associated with increased plasma free fatty acids. An imbalance between free fatty
acid intake and fatty acid oxidation leads to the accumulation of lipids in the body and consequently overweight and
obesity (4).

Physical activity as high intensity interval training (HIIT) has been recommended for people with limited time to
achieve health (5). On the other hand, moderate intensity continuous training (MICT) can help control and improve
the weight loss process due to the volume of adjusted training and less impact (6). Another method to deal with the
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problems caused by obesity is herbal supplementation in which can be combined with regular physical activity to
lose more weight, as well as, contribute to attenuate MetS, type 2 diabetes, and cardiovascular diseases (7). In this
regard, the use of regular physical activity with herbal supplements is one of the proposed methods to lose weight
and appetite management. Accordingly, in the present study, the effect of sodium alginate supplementation with HIIT
or MICT was investigated on serum levels of glucagon and glucagon-like peptide-1 (GLP-1) in women with MetS.

Method
Study design and participants

This randomized clinical trial was performed on women with MetS. This trial was registered in the Iranian Clinical
Trial Registration Center (IRCT20191116045457N1) and was approved by the Ethics Committee of Kermanshah
University of Medical Sciences (IR.KUMS.REC.1398.453) and. After explaining the study aims, an informed consent
form was completed and signed by all studied subjects.

Eligible subjects who had MetS were 20-30 years old women with body mass index (BMI) 25-35 kg/ m2. MetS was
diagnosed based on the National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III), which
was de�ned the presence at least of three of the �ve following factors:

-TG> 150 mg/dl, HDL< 52 mg / dl, SBP> 130 mm Hg or DBP> 85 mm Hg, FBS> 100 mg/dl, and WC> 88 cm.

None of the subjects had a history of regular physical activity in the past year. In addition, they were asked to refrain
from any sports activities and do not change their diet. After applying the inclusion and exclusion criteria, 46 women
with MetS were entered the study and randomly divided to six groups including: 1) HIIT+ sodium alginate (HS, n=8);
2) HIIT+ placebo (HP, n=8); 3) MICT+ sodium alginate (MS, n=8); 4) MICT+ placebo (MP, n=8); 5) sodium alginate (S,
n=7); and 6) control group (P, n=7).

Anthropometry measurement

To measure the weight of the subjects, the digital scale (Camry, model EB9003, Japan) was used with an accuracy of
0.1 kg while participants had the least clothing and without shoes. Height was measured using a Seca stadiometer
(Seca scale, Germany) with an accuracy of 0.1 cm while subjects were in standing position without shoes. A non-
stretched tape was used to measure waist circumference (WC) at the top of the iliac crest.

Dietary intake assessment

The dietary intake was evaluated using a 24-hour food recall questionnaire three days per week at the beginning and
last week of intervention. The food items was assessed by NUTRITIONIST IV software based on the United States
Department of Agriculture Food Composition Table that was modi�ed for Iranian foods.

Blood pressure measurement

Blood pressure of subjects was measured by a digital sphygmomanometer (ZYKlusmed BP HS-20A, Japan) in sitting
position and on the right hand two times with ten-minutes interval and the average was recorded.

Blood sampling and analysis

Blood sampling was done in two stages including the beginning of the study and 48 hours after the last training
session. In addition, subjects were asked not to do any physical activity for 48 hours prior to blood sampling. At each
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time, 10 ml of fasting blood venous (12 hours) was obtained from the subjects. Blood samples were centrifuged and
obtained serum were stored at -80 ° C until analysis. Fasting blood sugar (FBS) was evaluated by glucose oxidase
method (Pars Azmon Co, Tehran, Iran). Lipid pro�les including (HDL) and (TG) concentration were measured by
enzymatic kits (Pars Azmon Co, Tehran, Iran).

Intervention

The training and supplementation period was lasted for 8 weeks including 3 training sessions per week and the
supplement was taken only on training days (30 minutes before training sessions). Three groups including HS, MS,
and S groups consumed 1.5 g of sodium alginate (Sigma, USA) solution in 100 mg of water(9).

The training protocol also included 30 minutes of HIIT on a treadmill (HP cosmed pulsar, Germany) for 4 minutes at
high intensity [85 to 95% heart rate (HR) max] and with rest periods for 3 minutes with intensity [50% HR max] 4
times. According to the principle of overload, the training in the �rst and second weeks started with 65 and 75% HR
max, respectively, and in the third and fourth weeks reached 85 and 90% HR max, respectively (10).

MICT sessions were performed after 10 minutes of warm-up for 30 minutes with 60-70% reserve HR, and Borg
pressure perception scale 11-13 in the �rst two weeks with an intensity of 60% and Borg pressure perception scale 11,
in the second two weeks with an intensity of 65% reserve HR and Borg pressure perception scale 12, and in the last
four weeks with an intensity of 70% reserve HR and Borg pressure perception scale 13 (11). The subjects' HR was
monitored by a HR sensor (Beaver model, AS81 Body shape, Germany) during training.

Statistical analysis
Data were analyzed using SPSS software version 20 (SPSS Inc., Chicago, IL). To determine the normality of data
distribution, Shapiro-Wilk test was used. To compare the variables measured in pre-test and post-test, paired t-test
was used. Changes between groups were investigated by one way ANOVA, and if signi�cant, LSD post hoc test were
used. Signi�cant level for all analyzes <0.05 was considered.

Results
In present trial, we found that the mean of weight, BMI, and WHR were signi�cantly decreased in HS, HP, MS, and MP
groups. Basic characteristics of studied women with MetS and anthropometric indices before and after intervention
are presented in Table 1. Dietary intake including energy and macronutrients are reported in Table 2.
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Table 1
Basic characteristics of studied women with MetS and anthropometric indices before and after intervention

Variables HIIT+S

(n = 8)

MICT+S

(n = 8)

HIIT

(n =8)

MICT

(n=8)

Supplement

(n=7)

C

(n=7)

Age 23±2.7* 20.5±1.7 23.8±3.65 22±1.85 22.66±2.78 20.57±2.13

Height 161.89±1.4 165.75±7.24 159±4.81 163.6±6.62 160.98±2.16 164.83±6.4

Bodyweight (kg)          

Before 85.88±9.07 90.65±13.21 86.3±6.14 86.9±8.09 87.14±8.3 89.56±8.47

After 80.02±9.66 86.65±12.73 82.21±6.77 83.8±8.5 86.21±8.29 89.12±8.41

P- Value <0.0001 <0.0001 <0.0001 <0.0001 0.854 0.1

BMI (kg/m2)          

Before 33.13±2.2 33.29±3.99 34.13±3.64 32.71±0.97 34.03±1.07 33.3±2.26

After 30.78±3.8 31.82±3.61 32.51±4.24 31.55±1.36 33.66±2.78 33.14±2.51

P- Value <0.0001 0.001 0.016 0.001 0.374 0.085

WC            

Before 135.8±16.1 139 ±11.2 134.5±22. 5 131.9±24.1 134.8±17.4 135. 2±0. 4

After 133.6±14.1 133.9±21.1 132.83±16.7 130.3±19.6 133.9±18.3 134.1±0. 5

P- Value 0.029 0.023 0.041 0.032 0.325 0.21

Vo2max            

Before 27.77±1.85 28.62±2.38 29.4±1.34 30±3.16 30.12±1.48 30.62±2.92

After 31.44±1.79 31.12±2.41 31.8±2.58 31±2.82 31.11±1.45 30.27±2.19

P- Value 0.021 0.033 0.003 0.001 0.42 0.573

*Mean± SD

BMI: body mass index; WHR: waist to hip ratio; S: supplementation with sodium alginate; HIIT: high intensity
interval training; MICT: moderate-intensity continuous training

P- values were obtained paired t test.
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Table 2
Energy and macronutrients before and after intervention

Variables Energy (Kcal/d) Protein Carbohydrates Fat

Kcal/d g/d Kcal/d g/d Kcal/d g/d

HIIT+S Before 3186 804.68 201.17 1608 402 774 86

After 3062 746.72 186.68 1560 390 756 84

MICT+S Before 3089 794.96 198.74 1584 396 711 79

After 2886 742.04 185.51 1496 374 648 72

HIIT Before 3014 668 167 1680 420 666 74

After 2889 588.6 147.15 1644 411 657 73

MICT Before 2959 597.28 149.32 1624 406 738 82

After 2901 572 143 1600 400 729 81

Supplement Before 3067 717.92 179.48 1576 397 774 86

After 2996 700.84 175.21 1540 385 756 84

Control Before 3166 741.41 185.41 1624 406 801 89

After 3065 692.68 173.17 1608 402 765 85

Our �ndings were indicated that the GLP-1 level after 8 weeks intervention was signi�cantly increased in
HS(p=0.000), HP(P=0.000) MS(0.014), and MP(0.000) groups, while in sodium alginate and control group were not
seen any difference after intervention. (Table 3) Furthermore, the glucagon hormone level was signi�cantly decreased
in in HS(p=0.000), HP(P=0.001) MS(0.016), and MP(0.032) groups. (Table 3)



Page 7/11

Table 3
Comparison of GLP-1 and Glucagon hormones changes before and after 8 weeks intervention within groups

Variables HIIT+S

(n = 8)

MICT+S

(n = 8)

HIIT

(n =8)

MICT

(n=8)

Supplement

(n=7)

C

(n=7)

GLP-1 (pg/ml)          

Before 186.33±8.86* 180.5±9.47 191.11±9.22 185.87±5.84 206.28±13.53 204±12.28

After 208.22±8.18 202.62±13.29 209.55±7.48 206.5±6.47 207.4±8.67 203±8.86

P- Value <0.0001 0.014 <0.0001 <0.0001 0.139 0.199

Glucagon (n/ml)          

Before 379.16±17.39 351.52±19.64 328.33±53.98 372.82±15 364.9±14.27 338.7±51.95

After 376.27±16.93 348.48±24.52 327.48±39.25 370.27±16.11 363.3±13.15 335.54±54.22

P- Value <0.0001 0.016 0.001 0.032 0.117 0.125

*Mean± SD

GLP-1: glucagon-like peptide-1; S: supplementation with sodium alginate; HIIT: high intensity interval training;
MICT: moderate-intensity continuous training

P- values were obtained paired t test.

Although, there were no signi�cant deference between level of GLP-1 and glucagon between studied groups in
baseline, also after intervention the level of glucagon was not different between groups; however a signi�cant
difference was seen in GLP-1 level between studied groups after intervention (P= 0.012). (Table 4)
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Table 4
Comparison of differences in GLP-1 and Glucagon hormones changes

before and after 8 weeks intervention within and between groups
Variables   df Mean square F P- value

GLP-1 (pg/ml)        

Before Between groups 5 318.46 3.56 0.109

Within groups 40 89.35    

After Between groups 5 105.03 1.36 0.012

Within groups 40 77.15    

Glucagon (n/ml)        

Before Between groups 5 82.47 3.3 0.114

Within groups 40 52.83    

After Between groups 5 97.46 3.16 0.117

Within groups 40 82.04    

GLP-1: glucagon-like peptide-1

P-values were obtained one way ANOVA.

Discussion
According to the results of the present study, after 8 weeks weight, BMI, WHR decreased signi�cantly and VO2 max
increased signi�cantly in HS, HP, MS, and MP groups. Although in all mentioned four groups was seen a change in
anthropometric indices due to exercise, the average of these changes according to Table 1 in the HS is higher than
other groups. This indicates the greater impact of HS on anthropometric indices improving.

In this regard, Nikroo et al. (12) showed that both HIIT and MICT were signi�cantly increased the VO2 max and were
signi�cantly reduced the BMI. However, they showed a signi�cant difference between the two groups in increasing
the VO2 max. Suri et al. (13) showed that 10 weeks of aerobic exercise led to a signi�cant reduction in weight, BMI,
and body fat percentage. In another study, Kurdi et al. (14) reported a signi�cant increase in VO2 max, a decrease in
body fat percentage, weight, BMI, and WC following 8 weeks of endurance training. In addition, Farazmandi et al. (15)
who examined the effect of HIIT on obese women, reported that these exercises signi�cantly increased VO2 max
consumption, decreased body fat percentage, weight, BMI and WC. Studie have shown that do exercise signi�cantly
reduces subcutaneous fat, especially abdominal fat, as well as BMI, and improves VO2 max consumption and insulin
sensitivity (16). Overall, our �ndings showed that 8 weeks of HIIT or MICT with or without sodium alginate
supplementation could improve anthropometric indices, as well as components of MetS(17).

Furthermore, this study showed that GLP-1 hormone was signi�cantly increased in HS, HP, MS, and MP groups. GLP-
1 the gastric inhibitory polypeptide, is an incretin, which can reduce blood sugar through insulin secretion stimulating
and this peptide hormone has several protective and regulatory effects (16, 18). Hallworth et al. investigated the
effect of continuous exercise on GLP-1 in overweight women and reported that intermittent exercise increases the
hormone GLP-1 in overweight women (19). On the other hand, in another study, Martin et al. was showed that the
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intense intermittent and continuous exercise had no signi�cant effect on the level of GLP-1 hormone in overweight
subjects after 12 weeks with 3 sessions per week (20). In another study, Islam et al. investigated the effect of HIIT
and MICT on GLP-1 and observed that these exercises caused a signi�cant increase in GLP-1(21). Jafari et al.
investigated the effect of intermittent aerobic exercise (for 12 weeks) which includes running on a treadmill with
periods of four minutes with an intensity of 85- 95% of HR max and three minutes of active rest with an intensity of
65-75% HR max on Acylated Ghrelin, Peptide Tyrosine Tyrosine and Glucagon-Like Peptide-1 (22). The results
showed that the level of GLP-1 remained unchanged in the exercise group compared to the control group after eight
and 12 weeks of training (23). In study by Lee et al. (24) was reported the HIIT (80% reserve HR) could increase GLP-1
levels in patients with type 2 diabetes compared to low-intensity interval training (LIIT) (45% reserve HR). In contrast,
the results of Farzanegi study (24) indicated that 8 weeks of aerobic exercise on a treadmill on mice decreased GLP-1
levels. In relation to this inequality, we can point to the differences in subjects and the intensity of training that this
study was performed on rats and the results of the present study on glucagon did not show a signi�cant change.
Inconsistent studies with the present study showed that glucagon levels increased during acute activity and after
recovery (26). Yada et al. (27) reported that following one hour of cycling with 50% of VO2 max consumption in obese
and normal-weight men, glucagon concentration increased during activity and a recovery period of 4 hours thereafter.
Some studies have shown that glucagon secretion increases with increasing catecholamines during exercise. An
experimental study on male Wistar rats after 12 weeks of endurance training with different intensities on insulin and
plasma glucose concentration was not showed signi�cant difference between the concentration of insulin and
glucose in the training group compared to the control group, although their concentration was lower in the training
group. These results are consistent with the present study. Decreased blood glucose increases the glucagon
hormone. In addition, increased amino acids, especially alanine and arginine, as well as exercise stimulate the
secretion of this hormone (28).

Conclusion
Overall, the �ndings of the present study showed that eight weeks of HIIT or MICT with or without sodium alginate
increased GLP-1, decreased glucagon, and improved anthropometric indices signi�cantly. However, sodium alginate
supplementation alone could not change the anthropometric indices, GLP-1, and glucagon. Therefore, HIIT or MICT
alone or with sodium alginate supplement seem is a better approach to weight loss and reducing complications
associated with overweight and obesity.
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