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ABSTRACT

Non-alcoholic fatty liver disease (NAFLD) is a common
obesity-related metabolic disorder associated with changes in metabolic proteins such as
beta-aminoisobutyric acid (BAIBA). This study aimed to investigate the effects of high-
intensity exercise on serum BAIBA levels and insulin resistance in men with NAFLD.

This quasi-experimental study included 45 men with grade 1-2
NAFLD (BMI 30-35 kg/m?, age 35-45 years) who were randomly assigned to three groups:
high-intensity interval training (HIIT), high-intensity CrossFit training (HICFT), and control.
The interventions included 18 sessions over six weeks (three sessions/week) at 80-85% of
heart rate reserve. Data were analyzed using paired t-tests, ANCOVA, and Bonferroni test

<0.05).

s Significant increases in BAIBA levels and decreases in insulin resistance were

observed in the HIIT (P < 0.001) and HICFT groups (P = 0.007 for BAIBA; P < 0.001 for
insulin resistance) compared to the control group. No significant difference was found
between the two exercise groups (P > 0.05).
High-intensity exercises, whether HIIT or HICFT, can improve insulin
resistance and regulate metabolic proteins such as BAIBA. These findings confirm the
importance of exercise and myokines in managing NAFLD. High-intensity training is
recommended as an effective non-pharmacological intervention for individuals with
NAFLD.
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Introduction

dipose tissue is an active endocrine organ

which plays a key role in metabolic

homeostasis (1). Its dysfunction is associated

with the development of metabolic diseases,
including non-alcoholic fatty liver disease (NAFLD). The
"multiple cross-talk" hypothesis suggests that obesity-
related hepatic steatosis may result from impaired
communication between extrahepatic organs and the liver
(4, 5). Beta-aminoisobutyric acid (BAIBA) is a potential
myokine that increases beta-oxidation in the liver and is
inversely associated with cardiometabolic risk factors (6,
7, 9, 10). Studies have shown that BAIBA can have
beneficial effects on non-alcoholic steatohepatitis (11). A
sedentary lifestyle is a known risk factor for NAFLD, and
physical activity is considered the first-line treatment (12,
13). High-intensity interval training (HIIT) and CrossFit
(as a style of high-intensity functional training) can induce
metabolic improvements by increasing insulin sensitivity
and muscle oxidative capacity (15, 16, 17). However, it is
not yet clear whether a movement pattern engaging greater
muscle mass (full-body CrossFit) compared to running
(with predominantly lower-body engagement) has a
different effect on BAIBA and insulin resistance in
NAFLD. Therefore, this study was designed to compare
the effects of two types of high-intensity training on serum
levels of BAIBA and insulin resistance in men with
NAFLD.

Methods

In this semi-experimental study, 45 men with grade 1-2
NAFLD, aged 35-45 years with a body mass index of 30-
35 kg/m?, were purposively selected and randomly
assigned to three groups of 15: HIIT, HICFT, and control.
The exercise interventions consisted of 18 sessions over six
weeks (three sessions per week, every other day) at an
intensity of 80-85% of heart rate reserve. The HIIT
protocol involved interval running, and the HICFT
protocol involved full-body CrossFit movements
(kettlebell, battle rope, box jump, burpee, wall ball, etc.).
Fasting blood samples were taken 72 hours after the last
session. Insulin resistance was calculated using the
HOMA-IR formula, and BAIBA concentration was
measured by liquid chromatography-mass spectrometry
(LC-MS). Dependent t-tests, analysis of covariance
(ANCOVA), and Bonferroni post-hoc tests were used for
data analysis, with a significance level of P <0.05.

Results

The dependent t-test results showed that insulin resistance
significantly decreased in both the HIIT and HICFT groups
compared to pre-test (P <0.001), while a significant increase
was observed in the control group (P = 0.007). Also, serum
BAIBA levels significantly increased in the HIIT (P = 0.037)
and HICFT (P = 0.002) groups but did not change in the
control group (P = 0.255). ANCOVA results indicated
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significant differences between groups for both variables
(insulin resistance: P <0.001,11>=0.755; BAIBA: P =0.003,
n? = 0.296). Bonferroni post-hoc test showed that both
training groups had a significant decrease in insulin
resistance (P < 0.001) and a significant increase in BAIBA
(P = 0.007 and P = 0.001, respectively) compared to the
control group, but no significant difference was observed
between the HIIT and HICFT groups (P > 0.05).

Conclusion

The findings of this study showed that both types of high-
intensity training (HIIT and HICFT) effectively increase
serum BAIBA levels and reduce insulin resistance in men
with NAFLD. These findings are consistent with previous
studies reporting that intense exercise increases BAIBA and
reduces insulin resistance (22, 23). Mechanistically, BAIBA
acts through activating the AMPK pathway in the liver and
muscle tissue. Evidence has shown that BAIBA, by
increasing AMPK phosphorylation, improves the insulin
signaling pathway (via Akt and IRS-1) and reduces the
expression of gluconeogenic enzymes (8). Also, via AMPK,
BAIBA reduces the expression of hepatic lipogenic genes
(SREBP-1c, FAS, and ACC1) while simultaneously
increasing fatty acid oxidation by enhancing CPT1A
expression (6, 9, 10). Inhibition of endoplasmic reticulum
stress (ER stress) has also been reported as another key
mechanism mediated by BAIBA through AMPK (8).
Importantly, despite the greater muscle mass engagement in
CrossFit (full-body) compared to running (predominantly
lower-body engagement), no significant difference was
observed between the two training methods. This finding
suggests that exercise intensity and the resulting metabolic
stimulation are the primary factors inducing favorable
responses, and the movement pattern does not necessarily
create a difference. However, limitations such as the short
intervention period (six weeks), limited sample size, and
lack of precise dietary control may have reduced the ability
to detect potential differences between the two exercise
types. Overall, high-intensity exercise training (whether
interval running or CrossFit) can be used as an effective non-
pharmacological intervention in the treatment program for
patients with NAFLD to improve insulin resistance through
increasing BAIBA secretion.
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