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Abstract
This study investigated the combined effects of 12 weeks of high-intensity interval training (HIIT) and spirulina 
supplementation on adipokine levels, insulin resistance, anthropometric indices, and cardiorespiratory fitness in 
44 obese males (aged 25–40 years). The participants were randomly assigned to one of four groups: control (CG), 
supplement (SG), training (TG), or training plus supplement (TSG). The intervention involved daily administration of 
either spirulina or a placebo and HIIT three times a week for the training groups. Anthropometric indices, HOMA-IR, 
VO2peak, and circulating adipokines (asprosin and lipocalin2, omentin-1, irisin, and spexin) were measured before 
and after the 12-week intervention. Post-intervention analysis indicated differences between the CG and the three 
interventional groups for body weight, fat-free mass (FFM), percent body fat (%BF), HOMA-IR, and adipokine levels 
(p < 0.05). TG and SG participants had increased VO2peak (p < 0.05). Spirulina supplementation with HIIT increased 
VO2peak, omentin-1, irisin, and spexin, while causing decreases in lipocalin-2 and asprosin levels and improvements 
in body composition (weight, %fat), BMI, and HOMA-IR. Notably, the combination of spirulina and HIIT produced 
more significant changes in circulating adipokines and cardiometabolic health in obese males compared to either 
supplementation or HIIT alone (p < 0.05). These findings highlight the synergistic benefits of combining spirulina 
supplementation with HIIT, showcasing their potential in improving various health parameters and addressing 
obesity-related concerns in a comprehensive manner.
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Introduction
Overweight and obesity describe the accumulation of 
excessive or abnormal fat, with potential health risks. 
Forecasts suggest that by 2035, more than half of the 
global population will grapple with overweight or obe-
sity [1]. The incidence of obesity in Iran escalated from 
2  million in 1980 to 11  million in 2015 [2]. Established 
guidelines from entities like the World Health Organi-
zation and the U.S. Department of Health and Human 
Services recommend that individuals partake in at least 
150–300  min of moderate-intensity or 75–150  min of 
vigorous-intensity physical activity weekly [3]. Along-
side traditional physical activity, high-intensity interval 
training (HIIT) is a promising avenue for altering body 
composition and triggering various metabolic responses 
[4–7]. For instance, supervised HIIT involving 30-second 
bursts at 90% VO2max followed by 30-second recovery 
periods, conducted three times weekly for four weeks, 
enhanced fat oxidation by approximately 31% after a 
30-minute constant load exercise session at 45% intensity 
in overweight and obese men [8].

Several studies [9–12] described the role of inflam-
mation in obesity, highlighting novel adipokines such as 
asprosin, lipocalin2, omentin-1, irisin, and spexin. These 
adipokines play intricate roles in metabolic dysregulation, 
cardiovascular conditions, and the inflammatory state 
associated with obesity [9–12]. Serum levels of asprosin 
correlate positively with BMI, waist circumference, and 
glycemic and lipid parameters, particularly in individuals 
with abdominal obesity [13]. In contrast, lipocalin2 levels 
are approximately 60% higher in obese individuals [14]. 
The recently identified adipokine spexin, regarded as a 
regulator of obesity and related comorbidities, is reduced 
in obese patients [15]. Omentin-1, known for augmenting 
insulin-mediated glucose uptake, is implicated in insulin 
resistance [16, 17]. Similarly, irisin, a skeletal muscle glu-
cose uptake regulator, improves hepatic glucose and lipid 
metabolism while mitigating obesity-related hyperlipid-
emia and hyperglycemia [18]. Irisin’s potential to enhance 
insulin sensitivity correlates with a lower incidence of 
type 2 diabetes mellitus [19, 20].

Moving beyond metabolic disturbances, chronic 
inflammation and systemic oxidative stress also con-
tribute significantly to obesity and exacerbate cardio-
vascular dysfunction [21]. Spirulina, a cyanobacterium 
commonly known as blue-green algae, can potentially 
reduce various obesity-related parameters [22]. Studies, 
primarily conducted in women, indicate that spirulina 
elevates glutathione levels, fat oxidation, and exercise 
performance while reducing exercise-induced lipid per-
oxidation [23]. A combined approach involving spirulina 

supplementation (4.5 g per day for six weeks) and HIIT 
(performed thrice weekly) has beneficial effects on blood 
lipids and BMI in sedentary men with excessive body 
weight [24].

Our investigation aims to scrutinize the hypothesis that 
an extended administration of spirulina supplementation 
(over 12 weeks), coupled with HIIT, could potentially 
mitigate obesity and induce favorable alterations in the 
levels of pro-inflammatory adipokines (asprosin and lipo-
calin2) and anti-inflammatory adipokines (omentin-1, 
irisin, and spexin) within obese males.

Methods
Ethical approval
A written informed consent for study participation was 
obtained from all study participants before the study 
started. The study was approved by Sport Sciences 
Research Institute Ethics Committee of Alzahra Univer-
sity (Tehran, Iran). (Ethics code: IR.SSRC.REC.1401.093). 
All procedures were performed according to the latest 
revision of the Declaration of Helsinki [25].

Participants
Following recruitment efforts in various settings, includ-
ing public spaces, laboratories, sports clubs, and social 
networks, a total of 143 individuals volunteered to par-
ticipate in the study, of which 80 were deemed ineligible 
for participation (aged 25–40 years). Inclusion criteria 
for participation were: a body mass index (BMI) exceed-
ing 30  kg/m², a lack of engagement in regular physical 
activity during the preceding six months, no cardiovas-
cular and endocrine disorders, and non-consumption of 
alcohol.

A subset of 80 individuals were carefully selected to 
participate in the study after an initial evaluation of 
volunteers. In order to meet inclusion criteria, all par-
ticipants underwent a thorough physical examination 
conducted by a qualified medical professional and clini-
cal exercise physiologist during the initial visit. Follow-
ing the initial assessment and a detailed explanation of 
the research components, 64 individuals were ultimately 
chosen. The determination of the sample size was based 
on the standardized effect size (SES), calculated utilizing 
mean and standard deviation values from other compa-
rable studies [26].

This SES was analyzed using the G*Power (3.1.9.4) 
program [two-sided, α = 0.05, power (1-β) = 0.95, effect 
size = 1.43], which indicated a minimum required sam-
ple participant size per group of nine. For this study, we 
opted to include 16 subjects in each group. Participants 
provided a signed consent form and completed the 
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Physical Activity Readiness Questionnaire (PAR-Q) [27]. 
This procedural step was implemented to uphold com-
pliance with established research standards and ethical 
guidelines.

Experimental design
Before commencing the training programs, participants 
engaged in a familiarization session one week in advance, 
wherein a comprehensive explanation of all study proce-
dures was provided. The participants’ height, mass, and 
body composition were measured. Following this, a ran-
dom assignment process was undertaken, placing indi-
viduals into one of four equally sized groups: Control 
Group (CG), Supplement Group (SG), Training Group 
(TG), and Training + Supplement Group (TSG). Over the 
course of the study, 20 participants in different groups 
withdrew due to medical reasons, job-related constraints, 
and waning interest in the research. This attrition led to 
11 participants remaining within each group for subse-
quent analysis.

All groups received instructions on the execution of the 
training protocols during the third session, which coin-
cided with the measurement of body composition vari-
ables and peak oxygen uptake (VO2peak). The 12-week 
exercise training program of three sessions per week, was 
initiated in the two training groups (TG and TSG) after 
baseline assessments. In contrast, participants in the 
CG were instructed to maintain their existing lifestyles 
throughout the study.

To ensure consistency and minimize confounding 
factors, data collection occurred at identical times of 
day, typically within an hour window, and under uni-
form environmental conditions of ~ 20  °C and a relative 
humidity of ~ 55%. Baseline measurements were acquired 
48  h before the onset of the training protocols, while 
post-tests were executed 48  h after the final session in 
all groups. Participants in the two training groups were 
instructed to maintain a consistent dietary regimen dur-
ing the 48  h preceding the baseline assessment and the 
final measurements after training.

Body composition and cardio-respiratory fitness 
assessments
Body weight and stature were gauged using a calibrated 
scale and stadiometer (Seca, Germany). These measure-
ments were subsequently employed to compute BMI (kg/
m²). Determination of fat-free mass (FFM) and fat mass 
(FM) was accomplished using a bio-impedance analyzer 
(Medigate Company Inc., Dan-dong Gunpo, Korea).

The evaluation of VO2peak was conducted using a 
modified Bruce protocol in a controlled environment 
(21–23  °C), consistent with established practices for 
overweight and obese cohorts [28, 29]. We utilized an 
electronically motorized treadmill (H/P/Cosmos, Pulsar 

med 3p- Sports & Medical, Nussdorf-Traunstein Ger-
many). Our approach followed the physiological criteria 
outlined in the American College of Sports Medicine 
(ACSM) guidelines. Participants were deemed to have 
achieved VO2peak when indicating physical exhaustion 
and maximal exertion (according to the Borg scale) or if 
supervisory personnel identified severe dyspnea, dizzi-
ness, or other limiting symptoms, aligning with ACSM 
and American Heart Association (AHA) protocols [30, 
31].

Blood pressure measurements were acquired utilizing 
an electronic sphygmomanometer (Kenz BPM AM 300P 
CE, Japan), while heart rate was continuously monitored 
using a Polar V800 heart monitor (Finland) throughout 
the testing sessions. Gas analysis was conducted with a 
gas analyzing system (Metalyzer 3B analyzer, Cortex: 
biophysics, GMbH, Germany) that was calibrated before 
each test.

Training protocols
The exercise intensity during training sessions was based 
on VO2peak values based on a 32-minute running exercise 
on a treadmill. Participants engaged in a 5-minute warm-
up phase of stretching maneuvers, walking, and running 
prior to each training session. Participants performed 
treadmill running at an intensity set at 65% of their 
VO2peak during the first week, which was then progres-
sively increased to 75% of their VO2peak in the subsequent 
week. The control of exercise intensities throughout the 
sessions was managed by adjusting the treadmill settings 
based on the specified percentages of VO2peak. This stan-
dardized approach was consistently maintained across 
three weekly sessions.

Transitioning into the third week marked the com-
mencement of High-Intensity Interval Training (HIIT) 
sessions. Over the third and fourth weeks, participants 
executed intervals comprising 4  min of running at 75% 
of their VO2peak, followed by 4  min of passive recovery, 
for a 32-minute duration of HIIT. In weeks 5, 6, and 7, 
intervals were extended to 4  min of running at 85% of 
their VO2peak, interspersed with 4-minute active recovery 
intervals at 15% of their VO2peak, maintaining the 32-min-
ute HIIT duration. For weeks 8, 9, and 10, participants 
engaged in 4-minute intervals at 90% of their VO2peak 
and active recovery intervals at 30% of their VO2peak for 
4 min, all executed on the treadmill within the 32-minute 
timeframe. The final stretch (weeks 11 and 12) consisted 
of 4-minute intervals of running at 95% of their VO2peak 
and 4-minute intervals of active rest at 50% of their 
VO2peak for 32  min. Participants performed a 5-minute 
cool-down at 50% of their VO2peak after each training ses-
sion [32]. In contrast, the control group continued their 
customary daily activities and did not engage in routine 
physical exercise.
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Supplementation of spirulina and placebo
Spirulina (Hellenic Spirulina Net. Production unit: Ther-
mopigi, Sidorokastro, Serres, Greece) was prepared as 
capsules for administration. Each subject ingested a daily 
dosage of 6  g of spirulina, divided into two equal por-
tions of three grams each, taken in the morning and eve-
ning, for 12 weeks [33]. Both the CG and the TG were 
also provided with an equivalent quantity of placebo. 
This placebo was constituted of corn starch, which was 
appropriately colored with edible green dye to mimic 
the appearance of spirulina powder, and further flavored 
with essence of kiwi fruit. Participants’ adherence to the 
supplement regimen was considered satisfactory when 
consumption equaled or exceeded 80% of the stipulated 
supplements.

Nutrient intake and dietary analysis
Three-day dietary records were procured, encompassing 
two weekdays and one weekend day, before and after the 
study. These records monitored alterations in custom-
ary dietary patterns over the study duration [34]. Each 
specific food item was entered in the Diet Analysis Plus 
version 10 software (Cengage, Boston, MA, USA), which 
calculated the total caloric intake and the proportion of 
energy derived from proteins, fats, and carbohydrates 
(Table 1).

Blood markers
Standardized conditions were used for collecting blood 
samples that were drawn between 8am and 10am. Blood 
samples were obtained from the right arm after a 12-hour 
fast, 48-hour before the initial exercise session and 48 h 
after the final session. The blood samples were collected 
in EDTA-containing tubes. Subsequently, a centrifuga-
tion process lasting 10 min at 3000 rpm was performed, 
and the resulting plasma was stored at -80 °C.

Plasma glucose levels were quantified using a colori-
metric enzymatic kit (Pars Azmun, Tehran, Iran) with 
a sensitivity of 5 mg/dl. For insulin level assessment, an 
ELISA kit (Demeditec, Germany) was used, with a sen-
sitivity of 1 ng/ml and a within-coefficient variations 
of 5.1–8.4%. Insulin resistance was calculated with the 
homeostasis model assessment of insulin resistance 
(HOMA-IR), using the equation: (fasting insulin in μU/
mL × fasting glucose in mmol/L)/22.5.

Measurement of plasma lipocalin-2 levels was made 
using an ELISA kit (Biovendor, Czech Republic; Cata-
logue No: RD191102200R), having a sensitivity of 0.02 
ng/ml. The intra-assay coefficient of variation (CV) was 
7.7%, while the inter-assay CV was 9.8%. Plasma omen-
tin-1 levels were quantified utilizing an ELISA kit (Bio-
vendor, Czech Republic; Catalogue No: RD191100200R) 
having a sensitivity of 0.5 ng/ml, and an intra-assay CV of 
3.7%, with an inter-assay CV of 4.6%.

An ELISA kit (Phoenix Pharmaceuticals Inc, USA; 
Catalogue No: EK 067 − 16) was used to assess plasma 
irisin levels; the kit had a sensitivity of 6.8 ng/ml. Intra-
assay CV was less than 10%, while the inter-assay CV was 
less than 15%. Plasma spexin levels were measured with 
an ELISA kit (Elabscience Biotechnology, USA; Cata-
logue No: E-EL-H5607) with an intra-assay CV of < 10%. 
Plasma asprosin levels were determined using an ELISA 
kit (Elabscience Biotechnology, USA; Catalogue No: 
E-EL-H2266) having an intra-assay CV of < 10%.

Statistical analysis
Descriptive statistics, presented as means along with 
standard deviations (SD), described the entirety of the 
collected data. The Shapiro–Wilk test was used to ascer-
tain the normality of the data distribution. A two-way 
ANOVA repeated measures test was used to evaluate 
Group × Time interactions. Baseline data for the four 
groups underwent assessment using one-way ANOVA 
and Fisher LSD post hoc tests. In instances where 
ANOVA detected a significant difference, pairwise com-
parisons were conducted to ascertain mean differences. 
The determination of sample size was used to identify a 
statistical difference in study variables, maintaining a 95% 
confidence interval (CI) with a power value equal to or 
exceeding 80%. Additionally, effect sizes were included in 
the analysis, reported as partial eta-squared (η2). Adher-
ing to the classification by Hopkins et al. (2009) [32], 
effect sizes were categorized as trivial (< 0.2), small (0.2–
0.6), moderate (0.6–1.2), large (1.2–2.0), and very large 
(2.0–4.0). The threshold for statistical significance was 
set at a p-value of < 0.05. All statistical analyses were con-
ducted using SPSS software, version 24 (Chicago, Illinois, 
USA).

Table 1 Mean (± SD) values of nutritional intake in the four study groups
CG SG TG TSG
Pre Post Pre Post Pre Post Pre Post

Energy (kcal/d) 2321 ± 47 2342 ± 56 2354 ± 101 2314 ± 100 2349 ± 117 2297 ± 117 2375 ± 157 2301 ± 126
CHO (g/d) 292 ± 30.4 295 ± 31.3 288.4 ± 25.1 278 ± 26.5 298 ± 41.6 270 ± 37.2 297 ± 39.6 269 ± 30.1
Fat (g/d) 91.2 ± 16.0 92 ± 19.8 95.5 ± 17.7 84 ± 16.2 94.4 ± 19.4 84.1 ± 15.2 918 ± 15.87 75.2 ± 18.3
Protein (g/d) 115 ± 17.0 119 ± 19.3 112 ± 15.5 105 ± 16.6 113 ± 13.8 103 ± 11.7 112 ± 11.5 101 ± 12.5
CG: Control group; SG: Supplement group; TG: Training group; TSG: Training supplement group
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Results
Anthropometric indices, and VO2peak
The baseline differences between the four groups were 
not significant for body mass (p = 0.46) or BMI (p = 0.46). 
Body mass was different from baseline in the TSG 
(p = 0.039), but not in the SG (p = 0.72), TG (p = 0.12) 
or CG groups (p = 0.70) (Table  2). Values of BMI were 
not different from baseline for any of the four groups 
(p > 0.05) (Table  2). There were no significant interac-
tions between group and time for either weight (p = 0.28, 
η2 = 0.08) or BMI (p = 0.36, η2 = 0.07). Values of FFM 
(p = 0.99) and FAT (p = 0.33) did not differ in the four 
groups at baseline. There was an increase in FFM in 
TSG (p = 0.002) but not in SG (p = 0.067), TG (p = 0.056), 
or CG (p = 0.42). There was an interaction between time 
and groups for FFM (p = 0.046, η2 = 0.18). A Bonferroni 
post hoc test indicated that FFM in the TSG was higher 
than in CG (p = 0.039) (Table  2). There were reductions 
from baseline FAT in SG (p = 0.004), TG (p < 0.0001) and 
TSG (p < 0.0001), but not in CG (p = 0.28). The time x 
group interaction for FAT was also significant (p < 0.001, 
η2 = 0.46). Fat percentage was higher in CG compared 
to SG (p = 0.036), TG (p = 0.0001) and TSG (p = 0.0001), 
while there were no differences between the TSG and SG 
(p = 0.078) and TG (p = 0.99) or between the TG and SG 
(p = 0.83) (Table 2).

There were no differences in VO2peak between the four 
study groups at baseline (p = 0.10). There were significant 
increases in VO2peak from baseline in TG (p = 0.001) and 
TSG (p = 0.0001) after 12 weeks, but with no changes in 
CG (p = 0.29) or SG (p = 0.15). The interaction between 
time and groups was significant for VO2peak (P = 0.001, 
η2 = 0.35). In comparison to the CG, VO2peak was higher 
in TG (p = 0.003) and TSG (p = 0.001) after 12 weeks, but 
not in SG (p = 0.51). There were no differences in VO2peak 

between the SG and TG (p = 0.30) or between the TSG 
and TG (p = 0.99) or SG (p = 0.15) (Table 2).

Glucose, insulin, and HOMA
Baseline values for glucose (p = 0.66), insulin (p = 0.53), 
and HOMA-IR (p = 0.49) were not different between 
the groups. The time x group interaction for glucose 
(p = 0.0001, η2 = 0.60), insulin (p = 0.0001, η2 = 0.73) 
and HOMA-IR (p = 0.0001, η2 = 0.76) were significant. 
Reductions in glucose levels in the SG (p = 0.0001), TG 
(p = 0.0001), and TSG (p = 0.0001) were significant com-
pared to baseline, while there were no changes in CG 
(p = 0.62). Blood glucose was different in SG (p = 0.006), 
TG (p = 0.0001) and TSG (p = 0.0001) compared to CG. 
In addition, the reduction in blood glucose in TSG 
was greater than in SG (p = 0.005) but not than in TG 
(p = 0.99). The differences between glucose in the SG and 
TG were not significant (p = 0.10) (Table 1).

There were no differences for insulin at base-
line (p > 0.05) in the four study groups. Insulin lev-
els decreased after 12 weeks in SG (p = 0.0001), TG 
(p = 0.0001) and TSG (p = 0.0001) compared to baseline, 
while there was no change in CG (p = 0.31). A Bonfer-
roni test indicated that the reductions in insulin after 
12 weeks in SG (P = 0.006), TG (P = 0.0001) and TSG 
(P = 0.0001) were different from CG. The reduction in 
the TSG was greater than in SG (p = 0.0001) but not com-
pared to TG (p = 0.58). The reduction in insulin levels in 
SG was greater compared to TG (p = 0.001) (Table 1).

A similar pattern of changes was observed in HOMA-
IR. No differences in HOMA-IR were observed between 
the groups at baseline, but HOMA-IR was lower in SG 
(p = 0.001), TG (p = 0.001) and TSG (p = 0.001) after 
12 weeks, with no change in CG (p = 0.36). The reduc-
tions in HOMA-IR in SG (p = 0.0001), TG (p = 0.0001) 
and TSG (p = 0.0001) were different from changes in 

Table 2 Mean (± SD) values of glucose, insulin, lipid profile, body composition, and VO2peak in the four study groups
CG SG TG TSG
Pre Post Pre Post Pre Post Pre Post

Body height (cm) 175.7 ± 4.2 - 171.3 ± 4.2 - 173.3 ± 8.2 - 175.2 ± 6.5 -
Body mass (kg) 101.2 ± 5.3 102.0 ± 2.5 97.8 ± 4.7 97.05 ± 2.45 99.5 ± 10.1 96.2 ± 2.4 101.5 ± 7.9 96.9 ± 1.9 &

BMI (kg/m2) 32.8 ± 1.2 33.1 ± 1.4 33.3 ± 0.6 33.13 ± 1.99 33.0 ± 0.8 32.2 ± 2.7 33.0 ± 1.0 31.7 ± 2.2
FFM (kg) 26.4 ± 2.8 25.7 ± 2.8 26.2 ± 2.2 27.86 ± 1.18 26.5 ± 1.8 28.2 ± 2.4 26.4 ± 2.1 29.2 ± 2.3 &,*,#

FAT (kg) 31.1 ± 1.5 31.8 ± 2.1 31.1 ± 1.6 29.08 ± 0.80 &,* 31.4 ± 1.5 27.9 ± 0.9 &, * 32.1 ± 1.4 27.6 ± 1.2 &,*,#

VO2peak
(mL⋅kg− 1⋅min− 1)

26.6 ± 1.8 25.7 ± 1.7 26.7 ± 1.4 27.92 ± 2.32 &,* 26.4 ± 1.3 29.9 ± 2.1&, * 26.5 ± 1.8 30.4 ± 1.9 &,*,#

Glucose (mg/dl) 96.4 ± 13.1 98.0 ± 9.4 98.9 ± 10.7 84.77 ± 4.50 &,* 99.3 ± 5.7 74.1 ± 5.44 &,* 101.6 ± 7.1 71.5 ± 7.7 &,*,#

Insulin (ng/ml) 18.8 ± 0.7 19.1 ± 0.6 18.8 ± 0.8 17.60 ± 0.52 &,* 18.8 ± 0.4 15.8 ± 1.1 &,* 19.1 ± 0.5 15.3 ± 0.8 &,*,#

HOMA -IR 4.5 ± 0.7 4.6 ± 0.5 4.6 ± 0.5 3.69 ± 0.25 &,* 4.6 ± 0.3 2.9 ± 0.3 &,* 4.8 ± 0.4 2.7 ± 0.3 &,*,#

CG: Control group; SG: Supplement group; TG: training group; TSG: training + Supplement group BMI: Body Mass Index; FFM: Fat-Free Mass; HOMA-IR: Homeostatic 
Model Assessment of Insulin Resistance
& Significant difference compared to pre-test values (p < 0.05)
* Significant difference from the control group (p < 0.05)
# Significant interaction between time and groups (p < 0.05)
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CG. Reductions in HOMA-IR in TSG (p = 0.0001) and 
TG (p = 0.0002) were greater than changes in SG, while 
there were no differences between TG and TSG (p = 0.59) 
(Table 1).

There were no differences at baseline between the four 
groups for asprosin (p = 0.92), spexin (p = 0.88), lipo-
calin2 (p = 0.89), omentin (p = 0.35), or irisin (p = 0.71). 
The results of repeated measures ANOVA indicated a 
significant interaction between time and groups asprosin 
(p = 0.001, η2 = 0.33) (Fig.  1). An analysis using Bonfer-
roni post hoc test indicated that the increases in asprosin 
after 12 weeks in CG were different from the reduction 
in SG (p = 0.017), TG (p = 0.038) and TSG (p = 0.001), 
while the differences between TSG and TG (p = 0.99) and 
SG (p = 0.99) and also between TG and SG (P = 0.99) for 
reductions after 12 weeks were not significant. In terms 
of within-group changes, there were increases in aspro-
sin after 12 weeks in CG (p = 0.049) and the decreases 
in asprosin in SG (p = 0.018), TG (p = 0.007) and TSG 
(p = 0.047) (Fig. 1).

The interaction between time and groups was signifi-
cant for spexin (p = 0.014, η2 = 0.23) (Fig. 2). The post hoc 
test results indicated that spexin levels only increased 
after in TSG compared to changes in CG (p = 0.011), 
but other between-group changes were not significant 
(p = 0.99). Pre-post changes in TG (p = 0.007) and TSG 
(p = 0.0001) were significant, while the decrease of spexin 

in CG (p = 0.53) and the increase in SG (p = 0.095) were 
not significant (Fig. 2).

There was a significant interaction between time and 
groups for lipocalin-2 (p = 0.005, η2 = 0.27) (Fig. 3). There 
were differences between decreased lipocalin-2 lev-
els in TSG and the increased level of lipocalin-2 in CG 
(p = 0.004) after 12 weeks, while other between-group 
changes were not statistically significant (p = 0.99). In 
comparison with pre-test levels, the decreased post-
test values of lipocalin-2 in TG (p = 0.005) and TSG 
(p = 0.0001) were significant, while the increase of lipo-
calin-2 in CG (p = 0.40) and decreased levels in SG 
(p = 0.08) were not significant (Fig. 3).

There were significant time and group interactions for 
omentin (p = 0.0001, η2 = 0.50) (Fig.  4). The increase in 
CG was lower than in SG (p = 0.032), TG (= 0.0001), and 
TSG) (p = 0.0001). Moreover, increases in omentin levels 
in TG were not greater than in SG (p = 0.17). Addition-
ally, increases in omentin levels in TSG did not differ 
from either TG (p = 0.99) or SG (p = 0.07). Omentin values 
increased in SG (p = 0.0001), TG (p = 0.0001), and TSG 
(p = 0.0001), whereas no change occurred in CG (p = 0.34) 
(Fig. 4).

There was an interaction between time and groups for 
irisin levels (p = 0.0001, η2 = 0.39) (Fig. 5). Changes in iri-
sin levels in CG after 12 weeks were different from the 
increased levels of irisin in SG (p = 0.006), TG (p = 0.002) 

Fig. 1 Pre- and post-training values (mean ± SD) for asprosin in control (CG), supplement (SG), training (TG), training + supplement (TSG) groups
&: different from pretest values (p < 0.05)
*: different from control group (p < 0.05)
#: interaction between time and groups (p < 0.05)
Correct “&” in TSG bar graphs
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Fig. 3 Pre- and post-training values (mean ± SD) for lipocalin-2 in control (CG), supplement (SG), training (TG), training + supplement (TSG) groups
&: different from pretest values (p < 0.05)
*: different from control group (p < 0.05)
#: interaction between time and groups (p < 0.05)
Correct “&” in TSG bar graphs

 

Fig. 2 Pre- and post-training values (mean ± SD) for spexin in control (CG), supplement (SG), training (TG), training + supplement (TSG) groups
&: different from pretest values (p < 0.05)
*: different from control group (p < 0.05)
#: interaction between time and groups (p < 0.05)
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and TSG (p = 0.0001). The increase in irisin levels in TG 
were not higher than in SG (p = 0.99). Irisin levels in TSG 
were higher than in TG (p = 0.99) or CG (p = 0.99). The 
reduction in irisin levels in CG after 12 weeks was differ-
ent from pretest values (p = 0.46). There were increases in 
irisin levels in SG (p = 0.0001), TG (p = 0.0001) and TSG 
(p = 0.0001) after 12 weeks (Fig. 5).

Discussion
This study indicates that a 12-week intervention of HIIT 
and spirulina supplementation, individually or in com-
bination, improves the levels of some circulating adipo-
kines in obese men. Notably, the combined intervention 
of HIIT and spirulina yielded greater improvements in 
the measured outcomes compared with each interven-
tion alone. Specifically, we report reductions in plasma 
lipocalin-2 and asprosin levels combined with increases 
in irisin, omentin, and spexin levels produced by HIIT 
and spirulina supplementation. Furthermore, this com-
bined approach increased VO2peak and FFM while 
decreasing body fat levels and insulin resistance.

Anthropometric indices and cardiorespiratory parameters
Our findings provide insights into the intricate relation-
ship between spirulina supplementation, HIIT, and body 
composition, with a particular focus on the interplay of 
these factors on fat percentage. The combined use of 

spirulina and HIIT enhanced FFM and simultaneous FAT 
reductions. Notably, HIIT alone induced changes specifi-
cally in FAT, while sole supplementation with spirulina 
failed to elicit modifications in either FFM or FAT. This 
observation suggests a synergistic interaction between 
spirulina’s antioxidant effects and the physiological ben-
efits of HIIT, which leads to nuanced alterations in body 
composition.

The reductions in FAT can be reasonably attributed 
to the greater energy expenditure associated with HIIT. 
Despite not providing daily energy expenditure details, 
our analysis indicated no energy intake discrepancies 
between pre- and post-intervention reporting peri-
ods. This alignment with our results corroborates find-
ings from previous studies showcasing the efficacy of a 
12-week HIIT regimen leading to decreases in abdomi-
nal, trunk, and visceral fat in overweight young males 
[32, 33].

Furthermore, the increase in FFM in the combined 
HIIT and supplement group in our study aligns with pre-
vious reports that underscored spirulina’s benefits on lean 
body mass and body composition, particularly in middle-
aged and elderly individuals [24, 35]. Additionally, prior 
studies highlighted spirulina’s potential to enhance body 
fat percentage, reduce fat mass, and modulate myostatin, 
follistatin, and insulin-like growth factor 1 (IGF-1) levels, 
factors that are pivotal in regulating muscle mass [24, 35]. 

Fig. 4 Pre- and post-training values (mean ± SD) for omentin in control (CG), supplement (SG), training (TG), training + supplement (TSG) groups
&: different from pretest values (p < 0.05)
*: different from control group (p < 0.05)
#: interaction between time and groups (p < 0.05)

 



Page 9 of 13Delfan et al. Nutrition & Metabolism           (2024) 21:11 

Our findings align with this body of work, suggesting spi-
rulina’s positive influence on lean body mass in the con-
text of training and weight loss regimens.

The preservation or promotion of muscle mass has 
important implications for metabolic health by fend-
ing off an array of obesity-associated ailments, such as 
insulin resistance, type 2 diabetes, and cardiovascular 
disorders [36–38]. Likewise, there is much evidence to 
support a link between cardiorespiratory fitness, cardio-
metabolic health, and all-cause mortality [39]. While our 
study demonstrated a boost in VO2peak due to HIIT, it 
is important to note that the incorporation of spirulina 
failed to yield further increases in VO2peak compared to 
HIIT alone. The existing literature describing spirulina’s 
impact on aerobic exercise performance remains incon-
clusive, with conflicting evidence proposing both ergo-
genic and non-ergogenic effects [40].

Asprosin
Asprosin, a glucogenic adipokine secreted by white 
adipocytes, participates in numerous physiological 
processes, including hepatic glucose production and 
modulation of metabolic dysfunction in obesity [41, 42]. 
The impact of asprosin on obesity remains unclear, but 

studies suggest its involvement in the early stages of dys-
glycemia and obesity-related disorders [41]. Notably, 
aerobic exercise reduces hepatic asprosin expression, 
indicating a potential link between exercise and asprosin 
regulation [42].

Our 12-week study involving HIIT, with or without 
daily spirulina supplementation, reduced circulating 
asprosin levels in obese males, a reduction that was also 
observed with spirulina supplementation alone. Both 
exercise and spirulina supplementation enhance anti-
oxidant capacity, reduce oxidative stress, and decrease 
markers of inflammation [42–45]. Our findings suggest 
that the changes in asprosin levels may be associated with 
reduced oxidative stress in white adipocytes, potentially 
leading to an improved proinflammatory secretory pro-
file [46, 47]. Importantly, our study highlights the poten-
tial synergistic effects of spirulina and HIIT in decreasing 
asprosin levels, contributing to improved blood glucose, 
insulin levels, and increased insulin sensitivity in obesity. 
Further exploration and large-scale clinical studies are 
warranted to validate these effects and understand the 
underlying mechanisms.

Fig. 5 Pre- and post-training values (mean ± SD) for irisin in control (CG), supplement (SG), training (TG), training + supplement (TSG) groups
&: different from pretest values (p < 0.05)
*: different from control group (p < 0.05)
#: interaction between time and groups (p < 0.05)
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Spexin
Spexin, a recently identified secretion from adipose tis-
sue, plays a pivotal role in regulating energy homeostasis 
and adipocyte function. Levels of spexin are decreased 
in adipocytes and also in the circulation in obesity [15]. 
Emerging evidence from animal studies suggests that 
spexin protects against obesity by impeding adipogen-
esis, modulating the expression of pro-adipogenic genes 
[48], reducing weight and improving insulin sensitivity 
[49]. Notably, spexin is believed to participate in coun-
teracting obesity through mechanisms involving appetite 
suppression and enhanced physical activity [50, 51].

Human studies indicate that circulating spexin levels 
are reduced in obesity, exhibiting a negative correlation 
with multiple markers such as leptin, ghrelin, total cho-
lesterol, LDL, blood pressure, insulin, HOMA-IR, BMI, 
and waist-to-hip ratio [15]. Conversely, there are also 
positive correlations between adiponectin, glucagon-like 
peptide 1, and insulin sensitivity [48, 52]. Intriguingly, 
obese subjects undergoing a combination of aerobic 
and resistance training have increases in spexin levels, 
mostly in individuals with maximal oxygen consump-
tion, C-reactive protein, total cholesterol, HbA1c, and 
HOMA-IR, underscoring the potential of spexin as a bio-
marker for obesity and its related cardiometabolic mani-
festations [15].

Our study reports increases in circulating spexin levels 
after 12 weeks of HIIT independent of supplementation 
with spirulina. To the best of our knowledge, our investi-
gation is the first to report a beneficial effect of HIIT on 
circulating spexin levels. This phenomenon is presumed 
to contribute to the favorable health outcomes associated 
with HIIT in obese individuals.

Lipocalin-2
The peptide lipocalin-2 is expressed in various tissues, 
including adipose tissue, and is released into circulation 
as an adipokine [53], and plays a role in metabolic dys-
regulation associated with obesity and diabetes; however, 
its precise function remains unclear [54]. For instance, 
some studies suggest that lipocalin-2 reduces food intake, 
fat mass, and body weight gain in rodent, while simul-
taneously enhancing glucose metabolism [54, 55]. Fur-
thermore, lipocalin-2 may have protective effects against 
obesity-related metabolic impairments, fatty liver dis-
ease, atherogenic dyslipidemia, insulin resistance, and is 
also associated with the modulation of hepatic gluconeo-
genesis, adaptive thermogenesis, activation of brown fat, 
and fatty acid oxidation [56–59].

Reports on the impact of exercise on lipocalin-2 levels 
are inconsistent; some studies reported no changes after 
concurrent training or endurance/resistance training 
[60, 61], while other studies report either increased lipo-
calin-2 levels following 12 weeks of HIIT in obese males 

[62] or observed decreases with endurance and resis-
tance training in sedentary young men [63]. Our study, 
involving 12 weeks of HIIT in obese males, demonstrated 
a reduction in lipocalin-2 levels. Discrepancies in find-
ings may be attributed to differences in HIIT protocols, 
including work interval durations and overall exercise 
duration. Notably, spirulina supplementation did not 
enhance lipocalin-2 levels during HIIT or as a standalone 
supplement.

Omentin-1
Our investigation provides intriguing insights into the 
modulation of omentin-1 levels, which diverge from our 
prior study outcomes indicating that 12 weeks of HIIT 
reduced omentin-1 levels in obese males [63], whereas 
our study suggests incrreases in omentin-1 levels both in 
the presence and absence of spirulina supplementation. 
Notably, spirulina supplementation in isolation increased 
omentin-1 levels, corroborating similar observations 
where plasma omentin-1 concentrations were increased 
after four weeks of HIIT, regardless of spirulina incorpo-
ration [24].

Findings on the impact of exercise on circulating 
omentin-1 levels remain intricate and heterogeneous, 
with a spectrum of findings, where some investigations 
reporting heightened omentin-1 levels due to exercise 
[64], while others observed decreases [65, 66]. This vari-
ability may be due to multifaceted factors inherent to the 
populations and methodologies employed.

Circulating omentin-1 levels, often attenuated in indi-
viduals grappling with obesity, serve as a potential bio-
marker for metabolic risk, given their inverse correlation 
with cardiometabolic risk factors [17, 67, 68]. The intri-
cate interplay between omentin-1 expression, plasma 
concentrations, and visceral adipose tissue is under-
scored by diminished omentin-1 expression in visceral 
adipocytes in those afflicted by obesity [67]. Emerging 
evidence suggests that omentin-1 has beneficial effects 
on insulin sensitivity, affording protection against athero-
genesis through its involvement in macrophage differen-
tiation, inflammation, arterial calcification, and plaque 
formation [68]. Furthermore, decreased omentin-1 con-
centrations correlate with elevated carotid intima-media 
thickness in healthy males [68] and are implicated in cor-
onary artery disease [69, 70]. These beneficial metabolic 
and atherogenic effects are postulated to emanate from 
the inherent anti-inflammatory and antioxidant proper-
ties of omentin-1 [68, 71]. While the precise impact of 
exercise, particularly HIIT, on omentin-1, remains to be 
elucidated, the decreases in circulating omentin-1 lev-
els potentially signify improvements in metabolic and 
cardiovascular health, accompanied by reduced disease 
susceptibility.
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Irisin
The adipokine irisin improves metabolic functional-
ity induced by exercise in various tissues such as skele-
tal muscle, adipose tissue, the pancreas, liver, bone, the 
central nervous system, and the endothelium. Exercise 
augments PCG1-α expression in skeletal muscle, and 
triggers the synthesis of fibronectin type III domain-
containing protein 5 (FNDC5) which is secreted into the 
bloodstream after cleavage [72]. Notably, irisin improves 
glucose and lipid metabolism, mitigating the impacts of 
obesity-related inflammation, metabolic syndrome, and 
diabetes [73, 74].

Our study indicates that 12 weeks of HIIT, either cou-
pled with daily spirulina supplementation or pursued 
independently, leads to an elevation in circulating irisin 
levels among obese males. Other studies report increases 
in in irisin concentrations following high-intensity exer-
cise, albeit with a limited focus on the implications of 
HIIT [72, 75, 76]. A separate study by Murawska-Cialo-
wicz et al. observed heightened irisin levels in non-obese, 
prediabetic men after an eight-week HIIT regimen [76]. 
To our knowledge, there is a dearth of data on the impact 
of dietary antioxidant supplementation, such as that 
involving spirulina, on the modulation of circulating iri-
sin levels.

The therapeutic potential of irisin extends across vari-
ous health domains, including obesity, type 2 diabetes, 
cardiovascular ailments, stroke, neurodegenerative dis-
orders, cancer, and sarcopenia [77–80], underscoring 
the notion that the amalgamation of HIIT and spirulina 
supplementation-induced elevations in irisin levels may 
furnish protection against the adverse consequences 
associated with obesity.

Study limitations
Our study has several limitations that warrant consid-
eration: [1] The exclusive inclusion of male participants 
with obesity raises questions about the generalizability of 
our findings, particularly to females and individuals with 
varied demographic profiles; [2] The emphasis on blood 
levels of adipokines may limit insights into tissue-specific 
changes. To provide a more comprehensive understand-
ing, future research should consider incorporating addi-
tional factors, such as a detailed exploration of oxidative 
stress and energy expenditure, to further contextualize 
our findings.

Conclusions
Our findings contribute to the expanding body of evi-
dence that underscores the potential of HIIT in ame-
liorate adipokine profiles in the context of obesity. 
Moreover, our study suggests that supplementation 
with spirulina may be a promising approach for dimin-
ishing pro-inflammatory adipokines while concurrently 

enhancing anti-inflammatory adipokines. This holds sig-
nificance due to emerging indications of the important 
role of adipokines in mediating the metabolic, cardiovas-
cular, and inflammatory imbalances inherent in obesity. 
Their secretory composition is implicated in either exac-
erbating or safeguarding against a spectrum of obesity-
associated disorders. Further investigations are needed to 
establish more robustly the impact of therapeutic inter-
ventions using HIIT and dietary antioxidants on refining 
adipokine profiles in obesity.

Acknowledgements
The authors thank Professor Jonathan P little (University of British Colombia) 
for constructive feedback on the manuscript.

Author contributions
MD, RS, AS and HZ designed the study. MD, RS and AS conducted the study. 
RS analyzed the obtained data. MD, AS, KE and HZ wrote the first draft of the 
manuscript. IL, HZ, RS, MD, KMH, KW and BK read, revised, and approved the 
final version of the manuscript.

Funding
The authors acknowledge the support of the Alzahra University.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
We confirmed that written informed consent for study participation was 
obtained from all study participants before the study started. The study was 
approved by Sport Sciences Research Institute Ethics Committee of Alzahra 
University (Tehran, Iran). (Ethics code: IR.SSRC.REC.1401.093). All procedures 
were performed according to the latest revision of the Declaration of Helsinki.

Competing interests
The authors declare no competing interests.

Author details
1Department of Exercise Physiology, Faculty of Sport Sciences, Alzahra 
University, Tehran, Iran
2Department of Physical Education and Sport Sciences, Faculty of 
Humanities and Social Sciences, University of Kurdistan, Sanandaj, 
Kurdistan, Iran
3Centre for Health and Exercise Science Research, SPEH, Hong Kong 
Baptist University, Kowloon Tong, Hong Kong SAR, China
4Department of Kinesiology, California State University, Long Beach,  
CA 90840, USA
5Department of Anesthesiology, Pharmacology, and Therapeutics, Faculty 
of Medicine, University of British Columbia, Vancouver, Canada
6Department of Kinesiology, Kansas State University, Manhattan,  
KS 66502, USA
7Institute of Primary Care, University of Zurich, Zurich, Switzerland
8Medbase St. Gallen Am Vadianplatz, Vadianstrasse 26, St. Gallen  
9001, Switzerland
9Univ Rennes, M2S (Laboratoire Mouvement, Sport, Rennes,  
Santé EA 1274, F-35000, France
10Institut International des Sciences du Sport (2I2S), Irodouer  
35850, France

Received: 5 December 2023 / Accepted: 16 February 2024



Page 12 of 13Delfan et al. Nutrition & Metabolism           (2024) 21:11 

References
1. Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson AP, 

et al. Heart disease and stroke statistics—2019 update: a report from the 
American Heart Association. Circulation. 2019;139(10):e56–28.

2. Kelly T, Yang W, Chen C-S, Reynolds K, He J. Global burden of obesity in 2005 
and projections to 2030. Int J Obes. 2008;32(9):1431–7.

3. Oliveira JS, Pinheiro MB, Fairhall N, Walsh S, Franks TC, Kwok W, et al. Evidence 
on physical activity and the prevention of frailty and sarcopenia among older 
people: a systematic review to inform the World Health Organization physical 
activity guidelines. J Phys Activity Health. 2020;17(12):1247–58.

4. Kong Z, Fan X, Sun S, Song L, Shi Q, Nie J. Comparison of high-intensity inter-
val training and moderate-to-vigorous continuous training for cardiometa-
bolic health and exercise enjoyment in obese young women: a randomized 
controlled trial. PLoS ONE. 2016;11(7):e0158589.

5. Delfan M, Vahed A, Bishop DJ, Amadeh Juybari R, Laher I, Saeidi A, et al. 
Effects of two workload-matched high intensity interval training protocols 
on regulatory factors associated with mitochondrial biogenesis in the soleus 
muscle of diabetic rats. Front Physiol. 2022;13:927969.

6. Boyd JC, Simpson CA, Jung ME, Gurd BJ. Reducing the intensity and volume 
of interval training diminishes cardiovascular adaptation but not mitochon-
drial biogenesis in overweight/obese men. PLoS ONE. 2013;8(7):e68091.

7. Shanaki M, Khosravi M, Khoshdooni-Farahani A, Dadashi A, Heydari MF, 
Delfan M et al. High-intensity interval training reversed high-fat diet–induced 
M1-macrophage polarization in rat adipose tissue via inhibition of NOTCH 
signaling. J Inflamm Res. 2020:165–74.

8. Alahmadi M. High-intensity interval training and obesity. J Nov Physiother. 
2014;4(3):211.

9. Lee T, Yun S, Jeong JH, Jung TW. Asprosin impairs insulin secretion in 
response to glucose and viability through TLR4/JNK-mediated inflammation. 
Mol Cell Endocrinol. 2019;486:96–104.

10. Li E, Shan H, Chen L, Long A, Zhang Y, Liu Y, et al. OLFR734 mediates glucose 
metabolism as a receptor of asprosin. Cell Metabol. 2019;30(2):319–28.e8.

11. Nakamura K, Fuster JJ, Walsh K. Adipokines: a link between obesity and 
cardiovascular disease. J Cardiol. 2014;63(4):250–9.

12. Al-Daghri NM, Alokeel RM, Alamro A, Ansari MG, Hussain SD, Amer OE, et al. 
Serum asprosin levels are associated with obesity and insulin resistance in 
arab adults. J King Saud University-Science. 2022;34(1):101690.

13. Shabir K, Brown JE, Afzal I, Gharanei S, Weickert MO, Barber TM, et al. Asprosin, 
a novel pleiotropic adipokine implicated in fasting and obesity-related 
cardio-metabolic disease: comprehensive review of preclinical and clinical 
evidence. Cytokine Growth Factor Rev. 2021;60:120–32.

14. Wen X, Su B, Gao M, Chen J, Zhou D, You H, et al. Obesity-associated up-reg-
ulation of lipocalin 2 protects gastric mucosa cells from apoptotic cell death 
by reducing endoplasmic reticulum stress. Cell Death Dis. 2021;12(2):221.

15. Kumar S, Mankowski RT, Anton SD, Babu Balagopal P. Novel insights on the 
role of spexin as a biomarker of obesity and related cardiometabolic disease. 
Int J Obes. 2021;45(10):2169–78.

16. Yang R-Z, Lee M-J, Hu H, Pray J, Wu H-B, Hansen BC, et al. Identification of 
omentin as a novel depot-specific adipokine in human adipose tissue: 
possible role in modulating insulin action. Am J physiology-endocrinology 
Metabolism. 2006;290(6):E1253–E61.

17. de Souza Batista CM, Yang R-Z, Lee M-J, Glynn NM, Yu D-Z, Pray J, et al. Omen-
tin plasma levels and gene expression are decreased in obesity. Diabetes. 
2007;56(6):1655–61.

18. Rothermel J, Lass N, Barth A, Reinehr T. Link between omentin-1, obesity and 
insulin resistance in children: findings from a longitudinal intervention study. 
Pediatr Obes. 2020;15(5):e12605.

19. Chen N, Li Q, Liu J, Jia S. Irisin, an exercise-induced myokine as a metabolic 
regulator: an updated narrative review. Diab/Metab Res Rev. 2016;32(1):51–9.

20. Arhire LI, Mihalache L, Covasa M. Irisin: a hope in understanding and manag-
ing obesity and metabolic syndrome. Front Endocrinol. 2019;10:524.

21. Tun S, Spainhower CJ, Cottrill CL, Lakhani HV, Pillai SS, Dilip A, et al. Therapeu-
tic efficacy of antioxidants in ameliorating obesity phenotype and associated 
comorbidities. Front Pharmacol. 2020;11:1234.

22. DiNicolantonio JJ, Bhat AG, OKeefe J. Effects of spirulina on weight loss and 
blood lipids: a review. Open Heart. 2020;7(1):e001003.

23. Khalafi M, Symonds ME. The impact of high-intensity interval training on 
inflammatory markers in metabolic disorders: a meta-analysis. Scand J Med 
Sci Sports. 2020;30(11):2020–36.

24. Golestani F, Mogharnasi M, Erfani-Far M, Abtahi-Eivari SH. The effects of spiru-
lina under high-intensity interval training on levels of nesfatin-1, omentin-1, 

and lipid profiles in overweight and obese females: a randomized, controlled, 
single-blind trial. J Res Med Sciences: Official J Isfahan Univ Med Sci. 2021;26.

25. Nathanson V. Revising the declaration of Helsinki. British Medical Journal 
Publishing Group; 2013.

26. Ceylan Hİ, Saygın Ö, Özel Türkçü Ü. Assessment of acute aerobic exercise 
in the morning versus evening on asprosin, spexin, lipocalin-2, and insulin 
level in overweight/obese versus normal weight adult men. Chronobiol Int. 
2020;37(8):1252–68.

27. Thomas S, Reading J, Shephard RJ. Revision of the physical activity readiness 
questionnaire (PAR-Q). Canadian journal of sport sciences. 1992.

28. Ghroubi S, Elleuch H, Chikh T, Kaffel N, Abid M, Elleuch M. Physical train-
ing combined with dietary measures in the treatment of adult obe-
sity. A comparison of two protocols. Annals Phys Rehabilitation Med. 
2009;52(5):394–413.

29. Hunter GR, Byrne NM, Sirikul B, Fernández JR, Zuckerman PA, Darnell BE, et al. 
Resistance training conserves fat-free mass and resting energy expenditure 
following weight loss. Obesity. 2008;16(5):1045–51.

30. Thompson WR, Gordon NF, Pescatello LS. ACSM’s guidelines for exercise 
testing and prescription. Wolters Kluwer Health/Lippincott Williams & Wilkins; 
2010.

31. Myers J, Forman D, Balady G, Franklin B, Nelson-Worel J, Martin B, on behalf 
of the American Heart Association Subcommittee on Exercise., Cardiac 
Rehabilitation, and Prevention of the Council on Clinical Cardiology, Council 
on Lifestyle and Cardiometabolic Health, Council on Epidemiology and 
Prevention, and Council on Cardiovascular and Stroke Nursing. Supervision of 
exercise testing by nonphysicians: a scientific statement from the American 
Heart Association [published online ahead of print Aug. 18, 2014]. Circulation. 
2009.

32. Soltani M, Aghaei Bahmanbeglou N, Ahmadizad S. High-intensity interval 
training irrespective of its intensity improves markers of blood fluidity in 
hypertensive patients. Clin Exp Hypertens. 2020;42(4):309–14.

33. Mazokopakis EE, Papadomanolaki MG, Fousteris AA, Kotsiris DA, Lampadakis 
IM, Ganotakis ES. The hepatoprotective and hypolipidemic effects of spirulina 
(Arthrospira platensis) supplementation in a Cretan population with non-
alcoholic fatty liver disease: a prospective pilot study. Annals Gastroenterol-
ogy: Q Publication Hellenic Soc Gastroenterol. 2014;27(4):387.

34. Thomas DT, Erdman KA, Burke LM. Position of the academy of nutrition and 
dietetics, dietitians of Canada, and the American College of Sports Medicine: 
nutrition and athletic performance. J Acad Nutr Dietetics. 2016;116(3):501–28.

35. Hernández-Lepe MA, Wall-Medrano A, López-Díaz JA, Juárez-Oropeza MA, 
Luqueño-Bocardo OI, Hernández-Torres RP, et al. Hypolipidemic effect of 
Arthrospira (Spirulina) maxima supplementation and a systematic physical 
exercise program in overweight and obese men: a double-blind, random-
ized, and crossover controlled trial. Mar Drugs. 2019;17(5):270.

36. Braith RW, Stewart KJ. Resistance exercise training: its role in the prevention 
of cardiovascular disease. Circulation. 2006;113(22):2642–50.

37. Srikanthan P, Karlamangla AS. Relative muscle mass is inversely associated 
with insulin resistance and prediabetes. Findings from the third national 
health and nutrition examination survey. J Clin Endocrinol Metabolism. 
2011;96(9):2898–903.

38. Batrakoulis A, Jamurtas AZ, Metsios GS, Perivoliotis K, Liguori G, Feito Y, et 
al. Comparative efficacy of 5 exercise types on cardiometabolic health in 
overweight and obese adults: a systematic review and network meta-analysis 
of 81 randomized controlled trials. Circulation: Cardiovasc Qual Outcomes. 
2022;15(6):e008243.

39. Booth FW, Roberts CK, Laye MJ. Lack of exercise is a major cause of chronic 
diseases. Compr Physiol. 2012;2(2):1143.

40. Gurney T, Spendiff O. Algae supplementation for exercise performance: cur-
rent perspectives and future directions for spirulina and chlorella. Front Nutr. 
2022:384.

41. Nedeva IS, Assyov Y, Karamfilova V, Vodenicharov V, Gerganova A, Hristova J, 
et al. Circulating asprosin concentrations in patients with obesity and carbo-
hydrate disturbances. Horm Metab Res. 2023;55(4):284–9.

42. Yuan M, Li W, Zhu Y, Yu B, Wu J. Asprosin: a novel player in metabolic diseases. 
Front Endocrinol (Lausanne). 2020;11:64.

43. Szulinska M, Gibas-Dorna M, Miller-Kasprzak E, Suliburska J, Miczke A, 
Walczak-Gałezewska M, et al. Spirulina maxima improves insulin sensitivity, 
lipid profile, and total antioxidant status in obese patients with well-treated 
hypertension: a randomized double-blind placebo-controlled study. Eur Rev 
Med Pharmacol Sci. 2017;21(10):2473–81.

44. Beavers KM, Brinkley TE, Nicklas BJ. Effect of exercise training on chronic 
inflammation. Clin Chim Acta. 2010;411(11–12):785–93.



Page 13 of 13Delfan et al. Nutrition & Metabolism           (2024) 21:11 

45. Golestani F, Mogharnasi M, Erfani-Far M, Abtahi-Eivari SH. The effects of spiru-
lina under high-intensity interval training on levels of nesfatin-1, omentin-1, 
and lipid profiles in overweight and obese females: a randomized, controlled, 
single-blind trial. J Res Med Sci. 2021;26:10.

46. DeMarco VG, Johnson MS, Whaley-Connell AT, Sowers JR. Cytokine abnor-
malities in the etiology of the cardiometabolic syndrome. Curr Hypertens 
Rep. 2010;12(2):93–8.

47. Otani H. Oxidative stress as pathogenesis of cardiovascular risk associated 
with metabolic syndrome. Antioxid Redox Signal. 2011;15(7):1911–26.

48. Kolodziejski PA, Pruszynska-Oszmalek E, Micker M, Skrzypski M, Wojciecho-
wicz T, Szwarckopf P, et al. Spexin: a novel regulator of adipogenesis 
and fat tissue metabolism. Biochim Biophys Acta Mol Cell Biol Lipids. 
2018;1863(10):1228–36.

49. Pruszynska-Oszmalek E, Sassek M, Szczepankiewicz D, Nowak KW, 
Kolodziejski PA. Short-term administration of spexin in rats reduces obesity 
by affecting lipolysis and lipogenesis: an in vivo and in vitro study. Gen Comp 
Endocrinol. 2020;299:113615.

50. Lv S, Zhou Y, Feng Y, Zhang X, Wang X, Yang Y. Peripheral spexin inhibited 
food intake in mice. Int J Endocrinol. 2020;2020:4913785.

51. Wong MK, Sze KH, Chen T, Cho CK, Law HC, Chu IK, et al. Goldfish spexin: 
solution structure and novel function as a satiety factor in feeding control. 
Am J Physiol Endocrinol Metab. 2013;305(3):E348–66.

52. Khadir A, Kavalakatt S, Madhu D, Devarajan S, Abubaker J, Al-Mulla F, et al. 
Spexin as an indicator of beneficial effects of exercise in human obesity and 
diabetes. Sci Rep. 2020;10(1):10635.

53. Jaberi SA, Cohen A, D’Souza C, Abdulrazzaq YM, Ojha S, Bastaki S, et al. 
Lipocalin-2: structure, function, distribution and role in metabolic disorders. 
Biomed Pharmacother. 2021;142:112002.

54. Mosialou I, Shikhel S, Liu JM, Maurizi A, Luo N, He Z, et al. MC4R-
dependent suppression of appetite by bone-derived lipocalin 2. Nature. 
2017;543(7645):385–90.

55. Mosialou I, Shikhel S, Luo N, Petropoulou PI, Panitsas K, Bisikirska B et al. 
Lipocalin-2 counteracts metabolic dysregulation in obesity and diabetes. J 
Exp Med. 2020;217(10).

56. Guo H, Bazuine M, Jin D, Huang MM, Cushman SW, Chen X. Evidence for the 
regulatory role of lipocalin 2 in high-fat diet-induced adipose tissue remodel-
ing in male mice. Endocrinology. 2013;154(10):3525–38.

57. Guo H, Jin D, Zhang Y, Wright W, Bazuine M, Brockman DA, et al. Lipocalin-2 
deficiency impairs thermogenesis and potentiates diet-induced insulin 
resistance in mice. Diabetes. 2010;59(6):1376–85.

58. Guo H, Zhang Y, Brockman DA, Hahn W, Bernlohr DA, Chen X. Lipocalin 2 
deficiency alters estradiol production and estrogen receptor signaling in 
female mice. Endocrinology. 2012;153(3):1183–93.

59. Zhang Y, Guo H, Deis JA, Mashek MG, Zhao M, Ariyakumar D, et al. Lipocalin 2 
regulates brown fat activation via a nonadrenergic activation mechanism. J 
Biol Chem. 2014;289(32):22063–77.

60. Choi KM, Kim TN, Yoo HJ, Lee KW, Cho GJ, Hwang TG, et al. Effect of exercise 
training on A-FABP, lipocalin-2 and RBP4 levels in obese women. Clin Endocri-
nol (Oxf ). 2009;70(4):569–74.

61. Domiyeh AM, Khajehlandi A. The effects of 8 eight weeks resistance versus 
endurance training on lipocalin-2 level in non-athlete male students. Arma-
ghane Danesh Bimon J. 2012;17:460–8.

62. Atashak S, Stannard SR, Daraei A, Soltani M, Saeidi A, Moradi F, et al. High-
intensity interval training improves lipocalin-2 and omentin-1 levels in men 
with obesity. Int J Sports Med. 2022;43(4):328–35.

63. Moghadasi M, Mohammadi Domieh A. Effects of resistance versus endur-
ance training on plasma lipocalin-2 in young men. Asian J Sports Med. 
2014;5(2):108–14.

64. Saremi A, Asghari M, Ghorbani A. Effects of aerobic training on serum omen-
tin-1 and cardiometabolic risk factors in overweight and obese men. J Sports 
Sci. 2010;28(9):993–8.

65. AminiLari Z, Fararouei M, Amanat S, Sinaei E, Dianatinasab S, AminiLari M, 
et al. The effect of 12 weeks aerobic, resistance, and combined exercises on 
omentin-1 levels and insulin resistance among type 2 diabetic middle-aged 
women. Diabetes Metab J. 2017;41(3):205–12.

66. Ouerghi N, Ben Fradj MK, Bezrati I, Feki M, Kaabachi N, Bouassida A. Effect 
of high-intensity interval training on plasma omentin-1 concentration in 
overweight/obese and normal-weight youth. Obes Facts. 2017;10(4):323–31.

67. Shibata R, Ouchi N, Takahashi R, Terakura Y, Ohashi K, Ikeda N, et al. Omentin 
as a novel biomarker of metabolic risk factors. Diabetol Metab Syndr. 
2012;4(1):37.

68. Zhao A, Xiao H, Zhu Y, Liu S, Zhang S, Yang Z, et al. Omentin-1: a newly dis-
covered warrior against metabolic related diseases. Expert Opin Ther Targets. 
2022;26(3):275–89.

69. Shibata R, Ouchi N, Kikuchi R, Takahashi R, Takeshita K, Kataoka Y, et al. Circu-
lating omentin is associated with coronary artery disease in men. Atheroscle-
rosis. 2011;219(2):811–4.

70. Zhong X, Zhang HY, Tan H, Zhou Y, Liu FL, Chen FQ, et al. Association of 
serum omentin-1 levels with coronary artery disease. Acta Pharmacol Sin. 
2011;32(7):873–8.

71. Binti Kamaruddin NA, Fong LY, Tan JJ, Abdullah MNH, Singh Cheema M, Bin 
Yakop F et al. Cytoprotective role of omentin against oxidative stress-induced 
vascular endothelial cells injury. Molecules. 2020;25(11).

72. Ma C, Ding H, Deng Y, Liu H, Xiong X, Yang Y, Irisin. A new code uncover the 
relationship of skeletal muscle and cardiovascular health during exercise. 
Front Physiol. 2021;12:620608.

73. Guo M, Yao J, Li J, Zhang J, Wang D, Zuo H, et al. Irisin ameliorates age-
associated sarcopenia and metabolic dysfunction. J Cachexia Sarcopenia 
Muscle. 2023;14(1):391–405.

74. Li H, Wang F, Yang M, Sun J, Zhao Y, Tang D. The effect of irisin as a meta-
bolic regulator and its therapeutic potential for obesity. Int J Endocrinol. 
2021;2021:6572342.

75. He Z, Tian Y, Valenzuela PL, Huang C, Zhao J, Hong P, et al. Myokine/adipokine 
response to aerobic exercise: is it just a matter of exercise load? Front Physiol. 
2019;10:691.

76. Murawska-Cialowicz E, Wolanski P, Zuwala-Jagiello J, Feito Y, Petr M, Kokstejn J 
et al. Effect of HIIT with Tabata protocol on serum irisin, physical performance, 
and body composition in men. Int J Environ Res Public Health. 2020;17(10).

77. Cao RY, Zheng H, Redfearn D, Yang J. FNDC5: a novel player in metabolism 
and metabolic syndrome. Biochimie. 2019;158:111–6.

78. Fu J, Li F, Tang Y, Cai L, Zeng C, Yang Y, et al. The emerging role of Irisin in 
cardiovascular diseases. J Am Heart Assoc. 2021;10(20):e022453.

79. Waseem R, Shamsi A, Mohammad T, Hassan MI, Kazim SN, Chaudhary AA et 
al. FNDC5/Irisin: physiology and pathophysiology. Molecules. 2022;27(3).

80. Zhang H, Wu X, Liang J, Kirberger M, Chen N. Irisin, an exercise-induced bio-
active peptide beneficial for health promotion during aging process. Ageing 
Res Rev. 2022;80:101680.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Enhancing cardiometabolic health: unveiling the synergistic effects of high-intensity interval training with spirulina supplementation on selected adipokines, insulin resistance, and anthropometric indices in obese males
	Abstract
	Introduction
	Methods
	Ethical approval
	Participants
	Experimental design
	Body composition and cardio-respiratory fitness assessments
	Training protocols
	Supplementation of spirulina and placebo
	Nutrient intake and dietary analysis
	Blood markers
	Statistical analysis

	Results
	Anthropometric indices, and VO2peak
	Glucose, insulin, and HOMA

	Discussion
	Anthropometric indices and cardiorespiratory parameters
	Asprosin
	Spexin
	Lipocalin-2
	Omentin-1
	Irisin
	Study limitations

	Conclusions
	References


