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ABSTRACT

R el RE e MO T EMEEE Fetuins, as liver-secreted proteins, play a significant role in
regulating metabolic homeostasis, inflammation, and the progression of non-alcoholic fatty

liver disease (NAFLD). This study aimed to determine the effect of CrossFit training on liver
fat content, insulin sensitivity, and serum levels of C-reactive protein (CRP), Fetuin-A, and

Fetuin-B in middle-aged men with NAFLD.
S EESERRNVY/ERPEE This quasi-experimental study involved 24 men with NAFLD who
were purposively selected and randomly assigned to exercise (n=12) and control (n=12)

groups. The exercise group performed CrossFit training, three sessions per week continued
for 12 weeks, at an intensity of 80 to 90% heart rate reserve (HRR). Blood samples were
collected before and 72 hours after the last training session. Data were analyzed using
ANCOVA at a significance level of P <0.05.

After the intervention, the exercise group showed significant reductions in CRP
(33.6%), Fetuin-A (12.3%), Fetuin-B (5.5%), and liver fat grade (54.2%), and a significant
increase in insulin sensitivity (4.8%) was observed compared to the control group (P < 0.05).
The reduction in liver fat content and serum CRP levels appears to result from
improved hepatic insulin sensitivity and decreased systemic inflammation. Furthermore,
decreased Fetuin-A and Fetuin-B indicate modulation of inflammatory responses and
improved liver function, which play important roles in the clinical improvement of this
disease. These changes may serve as an effective non-pharmacological intervention to slow
NAFLD progression and enhance metabolic health in middle-aged patients.
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Extended Abstract
Introduction
on-alcoholic fatty liver disease (NAFLD) is
recognized as the most common chronic liver
disease worldwide. It is characterized by the
accumulation of more than 5% fat in liver cells
in the absence of alcohol consumption. This
disease, now also known as Metabolic dysfunction-
Associated  Steatotic  Liver Disease  (MASLD),
encompasses a spectrum ranging from simple steatosis to
non-alcoholic steatohepatitis (NASH), fibrosis, and
cirrhosis. Insulin resistance plays a central role in its
pathogenesis, contributing to fat accumulation and liver
damage through mechanisms such as increased flow of free
fatty acids to the liver and the creation of a chronic pro-
inflammatory  environment. Among these factors,
hepatokines (proteins secreted by the liver), such as Fetuin-
A and Fetuin-B, are recognized as important links between
liver dysfunction and systemic insulin resistance. These
proteins exacerbate NAFLD by inhibiting insulin signaling
pathways and activating inflammatory responses.
Regular physical activity is a key non-pharmacological
solution. CrossFit training, as a multifaceted, high-
intensity training regimen that combines aerobic,
resistance, and functional exercises, has gained widespread
popularity and demonstrated significant potential in
improving body composition and metabolic indicators.
However, the effects of this novel training type on the
hepatokine profile, inflammation, and liver fat in NAFLD
patients have not been thoroughly investigated. Therefore,
this study was designed to determine the effect of 12 weeks
of CrossFit training on liver fat content, insulin sensitivity,
and serum levels of CRP (an inflammatory marker),
Fetuin-A, and Fetuin-B in middle-aged men with NAFLD.

Methods

This quasi-experimental study had a two-group (exercise
and control) design. The statistical population consisted of
middle-aged men (35-45 years old) with NAFLD residing
in Babol, north of Iran. They were selected purposefully
from medical clinic referrals. After obtaining informed
consent, 24 eligible participants (with a body mass index
of 25-29.9 kg/m2 and no serious mobility limitations) were
randomly assigned to two groups (n=12 each): exercise and
control. The experimental group performed a researcher-
designed CrossFit training program for 12 weeks, three
sessions per week (60 to 90 minutes each), under direct
supervision. The training protocol was designed based on
the principle of progressive overload and involved
performing multi-joint and full-body movements in 3 to 4
rounds of 6 to 9 different stations. Exercise intensity was
controlled using Heart Rate Reserve (HRR) and gradually
increased from 80-85% in the initial weeks to 85-90% in
the final weeks. The control group, on the other hand, only
continued their daily activities during this period. Pre-test
and post-test assessments included anthropometric
measurements, determination of liver fat grade via
ultrasound, and fasting blood sampling to measure the
insulin sensitivity index (QUICKI) and serum levels of
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CRP, Fetuin-A, and Fetuin-B (using the ELISA method).
The post-test was conducted 72 hours after the last training
session. Data were analyzed using descriptive statistics
(mean and standard deviation) and inferential statistics
(dependent t-test and Analysis of Covariance or ANCOVA
to control for the pre-test effect) in SPSS version 26, at a
significance level of 0.05.

Results

The results of this study indicated a positive and
significant effect of 12 weeks of CrossFit training on all
studied variables in the exercise group compared to the
control group. After controlling for baseline scores (pre-
test), data analysis revealed significant improvement in
metabolic and inflammatory indicators. The most important
changes observed in the exercise group included
a significant reduction in liver fat by 54.2%, a significant
increase in insulin sensitivity (measured by the QUICKI
index) by 4.8%, and asignificant decrease in the
inflammatory marker CRP by 33.6%. Furthermore, serum
levels of hepatokines were significantly affected, showing an
approximate 12.3% reduction in Fetuin-A and a 5.5%
reduction in Fetuin-B. All these changes were statistically
significant compared to the control group (P < 0.05). The
calculated effect size (n?) for these variables, indicating the
magnitude of the intervention's impact, ranged from medium
to large (from 0.226 for Fetuin-B to 0.744 for insulin
sensitivity). In the control group, except for a slight and
significant decrease in liver fat grade, no significant changes
were observed in other variables.

Conclusion

This study demonstrated that a 12-week period of high-
intensity CrossFit training can be an effective exercise
intervention for significantly improving key disease
indicators in middle-aged men with non-alcoholic fatty liver
disease. The notable reduction in liver fat (54.2%) along
with improved insulin sensitivity (4.8%) and decreased
systemic (CRP) and hepatic (Fetuin-A and B) inflammatory
markers indicates the multifaceted and beneficial effects of
this type of training. The mechanism behind these
improvements likely operates through a combination of
increased non-insulin-dependent glucose uptake in muscles
(via increased GLUT4), improved mitochondrial function,
reduced hepatic lipogenesis, and modulation of immune-
inflammatory responses in the liver and circulatory system.
The reduction in fetuins, in particular, can lead to decreased
insulin resistance and inflammation in liver tissue.
Accordingly, CrossFit training can be considered a practical
and efficient non-pharmacological strategy alongside other
therapeutic recommendations for managing NAFLD and
promoting metabolic health in the middle-aged population.
However, given the high intensity of these exercises, their
implementation should be supervised by sports specialists
and preceded by an initial health assessment. Future studies
with larger samples, long-term follow-up periods, more
precise dietary control, and comparisons with other types of
exercise can help better define the place of this method in
therapeutic protocols.
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