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Extended Abstract

Background and Purpose

Obesity and overweight, in addition to being associated with metabolic and cardiovascular
diseases, can also affect brain health and accelerate neuronal degeneration and cognitive
impairment. Systemic inflammation and oxidative stress caused by obesity can impair the
function of various brain regions (including the hippocampus and prefrontal cortex) and disrupt
energy metabolism and neurotransmission. N-acetyl aspartate (NAA) is an indicator of neuronal
health and density. Choline (Cho) is also an indicator of membrane metabolism. Myo-inositol
(ml) is a sensitive indicator of neuronal health, glial activity, and neuroinflammation, and its
increase indicates neuronal damage. Increased NAA, cho, and decreased ml are markers of health.
Since the importance of nutrition and exercise in neuronal studies has received much attention in
recent years, this study was designed to investigate the simultaneous effect of high-intensity
functional training and a ketogenic diet with MCT supplementation on NAA, Cho, and ml levels
in overweight or obese individuals.
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Materials and Methods
The present study is a randomized, quasi-experimental clinical trial. Thirty adults (aged 25 to 45

years) with overweight and grade 1 obesity (BMI between 25 and 34.9) volunteered for this study,
of which 9 were excluded from the study due to non-compliance with diet and exercise. These
subjects were divided into three groups: control group (C), extreme functional training (EX), and
extreme functional training with ketogenic diet and MCT supplementation (EX+KD). The
training program (except for the control group) consisted of three sessions per week for six weeks,
and each session consisted of 30 to 40 minutes of high-intensity multi-joint functional training
(HIFT) including a combination of aerobic and resistance exercises (including squats, swimming,
lunges, chest press, butterfly, plank). In the first two weeks, 3 sets were performed at an intensity
of 65%-75% of maximum heart rate, in the second two weeks 4 sets at an intensity of 85% to
95% of maximum heart rate, and in the third two weeks at the same intensity and 5 sets of
exercises. The ketogenic diet was adjusted by a nutritionist with a specific ratio of 20% protein,
10% carbohydrate, and 70% fat, including 15 mL of MCT daily based on each individual's BMR,
and was consumed by the EX+KD group for six weeks. After 6 weeks (a study without pretest
due to ethical considerations and restrictions), neural metabolites were measured using single-
voxel hydrogen magnetic resonance spectroscopy (1H-MRS) from the cerebellar vermis and
analyzed with Osprey software. Sample size was estimated using G*Power 3.1 software for a
three-group design. Data were described as mean and standard deviation. Normality of
distribution was checked with the Shapiro-Wilk test and homogeneity of variance was checked
with the Levene test. One-way analysis of variance (ANOVA) was used for between-group
comparisons, and a significance level of P>0.05 was considered in all analyses. Effect sizes were
also calculated using the Cohen's d test. All statistical analyses were performed using SPSS
version 25 software.

Results
Statistical analysis showed that high-intensity functional training combined with a ketogenic diet

with MCT supplementation produced significant changes in the levels of key brain
neurometabolites. All values are reported in ppm. NAA levels were significantly different
between groups (F(2,18) = 96.228, P < 0.001). The EX group had a 91% increase in NAA
compared to the C group (2.623 £ 0.05 — 1.368 = 0.04, P < 0.001), while the EX+KD group
showed a 38% increase (9.5 £ 0.4 — 10.8 £ 0.5, P < 0.05). However, NAA levels in the EX+KD
group were only 27% lower than in the EX group (1.891 £ 0.05 — 2.623 + 0.05, P < 0.001).
These results indicate a positive effect of high-intensity functional training on neuronal health.
These findings suggest that high-intensity functional training can improve neuronal health by
improving mitochondrial oxidative capacity, promoting myelin synthesis, and enhancing neuron-
glia function. Cho levels also differed significantly between groups (F(2,18) = 36.410, P < 0.001).
The EX group showed a 97% increase (1.8 +£ 0.1 — 2.2 = 0.1, P < 0.05) and the EX+KD group
showed a 193% increase compared to C (2.984 + 0.05 — 1.010 = 0.03, P < 0.001). The increase
in Cho reflects the promotion of neuronal membrane phospholipid synthesis and remodeling,
synaptic plasticity, and neurotrophic activity, and is associated with an increase in brain-derived
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neurotrophic factor (BDNF) and other neurotrophic factors. These results indicate that the
combination of exercise and a ketogenic diet has an enhancing effect on neuronal membrane
synthesis. ml levels also showed a significant difference between groups (F(2,18) = 205.112, P <
0.001). Both intervention groups had a significant decrease in ml compared to control: EX 12%
(52+£03—>4.6+0.2,P<0.05) and EX+KD 57% (5.3+ 0.3 - 4.2+ 0.2, P <0.01). The decrease
in ml is indicative of reduced glial activity and reduced neuroinflammation, and is likely related
to increased ketone body (BHB) utilization and improved redox balance. Overall, increases in
NAA and Cho and decreases in ml indicate improved neuronal health, increased mitochondrial
oxidative capacity, and reduced glial inflammation. These changes may lead to improved
cognitive and motor functions, and protection of neurons from obesity-induced damage. The
findings suggest that high-intensity functional training and a ketogenic diet combined with MCTs
have strong synergistic interactive effects on metabolism and neuroprotection in addition to their
independent effects.

Conclusion
The results of this study demonstrated that high intensity functional training combined with a

ketogenic diet and MCT supplementation significantly altered key brain neurometabolites.
Increases in N-acetylaspartate and choline, along with decreased myoinositol, indicate improved
neuronal health, enhanced mitochondrial oxidative capacity, increased myelin synthesis, and
reduced glial activity and neuroinflammation. These metabolic changes likely enhance cognitive
and motor functions, support neural plasticity, and protect neurons from the adverse effects of
overweight and obesity. The combination of exercise and diet produced synergistic effects, with
the greatest improvements observed in the group receiving both interventions, although each
intervention alone also positively influenced brain metabolism. These findings underscore the
importance of combined lifestyle interventions in promoting neural function and reducing the risk
of obesity-related neuropsychological disorders, suggesting that vigorous exercise paired with a
ketogenic diet can serve as an effective, practical approach to enhance brain health and prevent
obesity-associated neurological damage in adults.

Keywords: Intense Functional Training, Ketogenic Diet, MCT, Proton Magnetic Resonance
Spectroscopy, Neurometabolite.

Article Message
Overweight and obesity are associated with decreased N-acetyl aspartate and choline and

increased myo-inositol in the brain, which can lead to neurological disorders. MRS findings
suggest that functional training, alone or in combination with a ketogenic diet, increases these
beneficial neurometabolites and decreases myo-inositol. Combining high-intensity exercise with
a ketogenic diet containing MCTs is an effective strategy for promoting brain health in overweight
and obese individuals by improving neurometabolism and reducing markers of
neurodegeneration.
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3.27 0.914 <0.05 96.228 (2,18) NAA
2.01 0.802 <0.05 36.410 (2,18) Cho
477 0.958 <0.05 205.112 (2,18) ml
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Table 4- Brain neurometabolite values (mean * standard deviation)

(EX+KD) o155+ p05 09,5 (EX) ¢p2. 05 09,5 (C) 65 09,5 Variable | yuie
1.891+0.05 2.623+0.05 1.368+0.04 (PPMNAA
2.984+0.05 2.004+0.04 1.010+0.03 (ppm) Cho
0.998+0.04 2.060+0.05 2.363+0.06 (ppm) ml
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