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ABSTRACT

Training session frequency is a key variable in exercise program
design. It can influence metabolic adaptations and physiological responses to exercise. This
study aimed to examine the effect of weekly training frequency on fasting serum asprosin
levels and insulin resistance in men with metabolic syndrome.

In this quasi-experimental study, 45 men with metabolic syndrome
were randomly assigned to three groups: aerobic interval training three times per week,
aerobic interval training six times per week, and a control group. Weekly training volume
was matched between the two intervention groups, and exercise intensity was progressively
adjusted. Fasting serum asprosin levels were measured using ELISA, and insulin resistance
was assessed via the HOMA-IR index before and after the intervention. Statistical analysis
was performed using ANCOVA.

s Both training groups showed a significant reduction in insulin resistance and serum
asprosin levels compared to the control group (P<0.01). The reduction in insulin resistance
was significantly greater in the six-session-per-week group compared to the three-session-
per-week group (P=0.016), while no significant difference in serum asprosin reduction was
observed between the two training groups (P=0.847).

Regular aerobic interval training, especially at higher frequencies, can improve
insulin sensitivity and modulate metabolic pathways associated with asprosin. These findings
suggest that adjusting training frequency may serve as a novel non-pharmacological
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Introduction

etabolic syndrome is a cluster of metabolic
abnormalities, including insulin resistance,
atherogenic dyslipidemia, visceral obesity,
and hypertension. Its pathogenesis is
influenced by genetic and acquired factors associated with
insulin resistance and low-grade chronic inflammation (1).
The high global prevalence of metabolic syndrome,
affecting roughly one-third of the population, is largely
attributed to sedentary lifestyles and high-calorie diets and
imposes a substantial economic and public-health burden
(2). Persistent obesity disrupts glycemic and lipid control
by altering metabolic processes such as insulin function
and fatty-acid metabolism (3). With increasing
urbanization, irregular dietary patterns, and reduced
physical activity, the prevalence of this syndrome has been
reported to be remarkably high across different countries
(2). Although lifestyle modification remains the primary
management strategy in metabolic syndrome, several
aspects of its pathogenesis and response to therapeutic
interventions still require further investigation. Insulin
resistance, characterized by impaired cellular glucose
uptake and hyperinsulinemia, is a central feature of this
syndrome (4). Adipose tissue, as a major endocrine organ,
plays a crucial role in energy regulation through the
secretion of adipokines (7), and its related inflammatory
pathways become differentially activated in individuals
with obesity (5). Asprosin, a glucogenic adipokine released
from white adipose tissue during fasting, plays a role in
appetite regulation, glucose metabolism, and insulin
resistance (9-11). It promotes hepatic glucose release
through activation of the G-cAMP-PKA signaling pathway
(12) and is elevated in obesity (9, 13). Moreover,
neutralizing asprosin in animal models has been shown to
reduce appetite, body weight, and blood glucose levels
(14). Interventional evidence indicates that exercise
training improves key characteristics of metabolic
syndrome (15-17), although the optimal type, intensity,
duration, and structure of training remain subjects of
debate. Training frequency is one of the most important
variables in exercise program design which determines
weekly training volume (19). Despite recommendations
supporting a minimum of three weekly sessions, it remains
unclear whether increasing training frequency or
redistributing training volume could enhance the effects of
exercise on insulin resistance and asprosin level.

Methods

In this quasi-experimental study with a pretest—posttest
design, 45 men with metabolic syndrome were randomly
assigned to one of three groups: aerobic interval training
three times per week, aerobic interval training six times per
week, or a control group. Inclusion criteria consisted of age
40-50 years, a confirmed diagnosis of metabolic
syndrome, a sedentary lifestyle, and no use of supplements
or medications. Exclusion criteria included failure to
adhere to the study protocol, musculoskeletal injury,
illness during the intervention, or absence from training
sessions. The training protocol consisted of eight weeks of
aerobic interval training using 3-minute intervals with a 1:1

work-to-rest ratio. Exercise intensity progressed from 50—
55% of heart rate reserve at the beginning of the program
to 65-70% during the final weeks (21). To control for
training volume, both intervention groups performed an
identical weekly volume of 360 minutes; each session
lasted 120 minutes in the three-sessions-per-week group
and 60 minutes in the six-sessions-per-week group.
Anthropometric measurements and blood sampling were
conducted during the pretest (48 hours before the
intervention) and posttest (72 hours after the final training
session) following a 12-hour overnight fast. Blood samples
were collected in tubes containing aprotinin, centrifuged at
4000 rpm, and stored at —80°C until analysis. Serum
asprosin was measured using an ELISA kit (YL Biont;
sensitivity: 1.56 pg/mL). Fasting glucose was assessed
using a Pars Azmun kit (GOD-POD method), and insulin
was measured using a ZellBio kit (sensitivity: 0.1
plU/mL). The HOMA-IR index was calculated using the
standard formula. Data are presented as mean + standard
deviation. The Shapiro—Wilk and Levene tests as well as
ANCOVA were used for statistical analysis. All analyses
were performed using SPSS version 26, with the
significance level set at 0.05.

Results

Both training groups showed a significant reduction in
insulin resistance and serum asprosin levels compared to the
control group (P<0.01). The reduction in insulin resistance
was significantly greater in the six-session-per-week group
compared to the three-session-per-week group (P=0.016).
However, no significant difference in serum asprosin
reduction was observed between the two training groups
(P=0.847).

Conclusion

In the present study, eight weeks of aerobic training with
two different weekly frequencies led to improvements in
insulin resistance and reductions in serum asprosin levels in
men with metabolic syndrome. These changes can be
explained by physiological and cellular mechanisms
associated with exercise training. Exercise plays a critical
role in lowering insulin resistance by enhancing muscle
glucose uptake. Repeated muscle contractions during
exercise increase the translocation of the GLUT4 glucose
transporter to the muscle cell membrane, facilitating glucose
entry into the cell and reducing the need for insulin secretion
(4). In addition, activation of the AMPK pathway in
response to exercise improves insulin sensitivity, increases
fatty-acid oxidation, and decreases intramyocellular lipid
accumulation—Kkey factors contributing to improved insulin
resistance (24, 25). Aerobic training also enhances
mitochondrial function, increases oxidative capacity, and
reduces systemic inflammation, all of which support better
glucose regulation (26). With higher training frequency,
these metabolic pathways are stimulated more repeatedly,
creating a cumulative effect that explains the greater
reduction in insulin resistance observed in the six-session
group compared with the three-session group. A significant
reduction in asprosin was also observed following the
intervention. As a glucogenic adipokine, asprosin increases
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hepatic glucose release through activation of the G-cAMP-
PKA pathway (12) and is elevated in conditions of obesity
and insulin resistance (9, 13). Aerobic exercise may reduce
asprosin by decreasing white adipose tissue mass, lowering
low-grade inflammation, improving cellular energy status,
and modulating signaling pathways such as AMPK, Akt,
PGC-1p, and MnSOD (34, 36). These adaptations contribute
to improved glucose control, reduced oxidative stress, and
enhanced mitochondrial capacity. In the present study, the
lack of difference between the two training frequencies in
asprosin reduction may be attributed to the equal training
volume in both groups, suggesting that total exercise volume
may play a more decisive role in modulating this adipokine
(33). Overall, the reductions in insulin resistance and
asprosin observed in this study can be attributed to enhanced
activation of energy-regulating pathways, improved
mitochondrial function, increased glucose transport, and
reduced inflammation and oxidative stress. These
mechanisms highlight the effectiveness of aerobic training
as a therapeutic strategy for improving metabolic status in
individuals with metabolic syndrome (4, 25, 30).
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