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Introduction
Sportomics studies aim to investigate the impact of 

immunometabolism generated by different forms of exercise in 
real representations of competition.7,2 This observation should be 
supported by different age groups, gender, and health conditions.11 

The present study investigated the correlation between acid-base 
balance with immunometabolism, functional and physical parameters 
after a Crosscombat session.

Material & methods
Subjects

In this study, sixteen male elite-level mixed martial arts (MMA) 
professional athletes (23–36 years; 30.0 ± 1.3) participated. The 
athletes had a minimum of five years of experience in both MMA 
training and competitions and at least two years of experience in 
CCombat™ training. They were instructed not to consume any 
nutritional supplements or drugs for at least four weeks before the 
experiment. Athletes were excluded who were engaging in any acute 
body mass loss protocol or competition or recovering from injury for 
one week before or after the experiment. The demographics of the 
subjects are described in Table 1.

Table 1 Subjects characteristics (n=16)

AVG SDM SEM Range

Age (years) 30 5.05 1.26 23 – 41

Weight (Kg) 80.6 13.84 3.46 60 – 108

Height (m) 1.76 0.046 0.011 1.68 – 1.84

BMI (Kg/m2) 25.7 3.53 0.88 20.3 – 32.9

AVG, average; SDM, standard deviation from the mean; SEM, standard error 
from the mean; BMI, body mass index

Experimental design

All participants rested for 72 hours before the exercise protocol. 
In an observational and cross-sectional cohort study, the athletes 
engaged in high-intensity functional exercise (40 min). According 
to the method’s creator, the CCombat protocol was created for the 
highest level of performance. The protocol involved 12 different 
exercises combined in six modules combined according to their 
equivalence. The subjects were only instructed to drink water after 
the collections scheduled for each day.

Data collection

Blood sampling

Blood samples were collected at the following times: pre-exercise 
collection (Pre); immediately after exercise (Post); 60 minutes after 
the end of exercise (+60 min), 120 minutes after the end of exercise 
(+120 min); 24 hours after the end of exercise (+24 h). Blood samples 
were collected from the medial cephalic vein by an experienced 
venipuncture. Samples were collected either in the presence or 
absence of EDTA (Vacutainer®, BD, NJ, USA) for hematological or 
serum analyses, respectively.

Blood or serum measurements

Hematocrit was measured using microhematocrit tubes and 
centrifugation. Creatine kinase was measured using a Piccolo® 
General Chemistry 13 rotor (Abaxis, CA, USA). Bicarbonate was 
evaluated using CG4+ cartridges and I-STAT (Abbot-Abbott Point 
of Care Inc., NJ, USA). CHEM8+ cartridges and I-STAT were used 
to determine sodium, Potassium, chloride, and calcium levels. The 
differential count of leukocytes was performed manually with the 
preparation of a slide stained with panoptic dye and observation by 
optical microscopy.
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Abstract

To identify the correlation between physiological parameters induced by the crosscombat™ 
after 72 hours of rest in sixteen MMA athletes underwent a 40-min session of the method. 
A negative correlation between bicarbonate and chloride affects the anion gap in post-
exercise time, and the inverse behavior of neutrophils and lymphocytes is similar between 
monocytes and eosinophils. A positive correlation between monocytes, eosinophils, and 
bicarbonate and a negative correlation between neutrophils and other strains of leukocytes 
as Lymphocytes, Monocytes, and Eosinophils. The negative correlation between neutrophils 
and lymphocytes and between the same neutrophils and other leukocyte lineages seems 
to show neutrophils as the most acutely affected cells in this type of exercise, different 
from what was previously seen for a six-minute jiu-jitsu match. Because both models use 
fighting movements and are of high intensity, the execution time changed the leukocyte 
behavior in response to stress. The negative correlation between bicarbonate and chloride, 
may have influenced the differential leukocyte count, given the positive correlation 
between the HCO3 and, the subfamilies of monocytes and eosinophils. Furthermore, these 
subfamilies showed a negative correlation with neutrophils and that the anion gap alters 
the activity and concentration of other biochemical parameters in the plasma modulating 
immunometabolism. 
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Handgrip strength

The position used was that recommended by the American Society 
of Hand Therapists, which is with the individual seated with the 
shoulder abducted and neutrally rotated, elbow flexed at 90° and 
forearm and wrist in a neutral position.9,13,10,12

Anion gap

AG = [(Sodium + Potassium) – (chloride + Bicarbonate)]

Statistical analysis

A t-test was applied to compare the data between the different 
times, adopting a significance level of 5%, P ≤ 0.05 (α error).

First, a test was adopted to verify normality in data distribution. As 
the sample was smaller than 30 individuals, the Shapiro-Wilk test was 
applied, which may result in two possibilities:

1 – If the value obtained was P ≤ 0.05, the Mann-Whitney 
nonparametric test would be applied.

2 – If the value obtained was P > 0.05, the equal variance test 
would be applied. If this test failed (P < 0.050), the Mann-Whitney 
Test would be applied, but if this test passed (P > 0.050), a paired t-test 
would be applied.

We applied a Spearman’s correlation test between all data to make 
a heat map with results. In this heat map, the values ranged from deep 
red to 1 to deep blue to -1.

* represented a difference in relation to the pre-exercise time and # 
difference in relation to the previous time.

Results
Hematocrit values   (%) did not change in response to exercise (pre 

44.3±0.6 and post 43.4±0.4), giving robustness that the alterations 
presented were caused by the exercise method and not by a change 
in hemoconcentration. There was no significant change at any of 
the study times. The heat map containing Spearman’s correlation 
coefficient indicates a negative correlation between Neutrophils and 
lymphocytes (-0.935 – P-value 0. 0000002) and Bicarbonate and 
chloride (-0.647 e P-value 0.0000002) (Figure 2).  The negative 
correlation observed between Bicarbonate and chloride affects the 
anionic gap in the immediate post-exercise time (AG = [(Sodium 
+ Potassium) – (chloride + Bicarbonate)] (Figure 3). The inverse 
behavior of neutrophils and lymphocytes is similar between 
monocytes and eosinophils (Figure 4). When Spearman’s correlation 
was observed for each analyte in the timeline, there was a strong 
positive correlation between monocytes, eosinophils, and Bicarbonate 
(M x E = 1.0; E x B = 0.9; M x B = 0.9) and a negative correlation 
between neutrophils and other strains of leukocytes as Lymphocytes 
(0.9), Monocytes (0.8) and Eosinophils (0.8) (Figure 5).

Discussion/conclusion
The negative correlation between neutrophils and lymphocytes 

(Figure 2&4) and between the same neutrophils and other leukocyte 
lineages (Figure 5) shows that neutrophils are the most acutely affected 
cells in this type of exercise, different from what had previously seen. 
By our group1 for a six-minute jiu-jitsu match. Because both models 
use fighting movements and are of high intensity, it seems that the 
execution time (6min x 40min) changed the leukocyte behavior in 
response to stress.

The negative correlation between Bicarbonate and chloride, 
which affected the anion gap, may have influenced the differential 

leukocyte count, given the strong positive correlation between the 
main physiological buffering agent (HCO3) and the subfamilies of 
monocytes and eosinophils, indicating a possible acute modulation 
of the immune system by the plasma anion gap. Furthermore, these 
subfamilies showed a strong negative correlation with neutrophils14,4 
and that the anion gap alters the activity and concentration 
of other biochemical parameters in the plasma,1 modulating 
immunometabolism.3

T1 = collection in fasting and pre-exercise; T2 = collection immediately after 
exercise; T3 = collection 1 hour after; T4 = collection 2 hours after; T5 = 
collection 24 hours after the end of the exercise.

Figure 1 Experimental design.

Figure 2 The heat map containing Spearman’s correlation coefficient indicates 
a negative correlation between Neutrophils and lymphocytes (-0.935 – P value 
0. 0000002) and bicarbonate and chloride (-0.647 e P value 0.0000002).

Figure 3 The negative correlation observed between bicarbonate and 
chloride affects the anionic gap in the immediate post-exercise time (AG = 
[(Sodium + Potassium) – (chloride + Bicarbonate)].

Figure 4 The inverse behavior of neutrophils and lymphocytes is similar 
between monocytes and eosinophils.
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Figure 5 When Spearman’s correlation was observed for each analyte in 
the timeline, there was a strong positive correlation between monocytes, 
eosinophils, and bicarbonate (M x E = 1.0; E x B = 0.9; M x B = 0.9) and a 
negative correlation between neutrophils and other strains of leukocytes as 
Lymphocytes (0.9), Monocytes (0.8) and Eosinophils (0.8).

The present study indicates a future search line for the association 
between exercise, anion gap, and immunometabolism.5,8

Because high-level athletes are no longer treated like machines, 
generating the search for health maintenance without affecting 
performance and the growing number of practitioners of different 
forms of exercise in all genders and age groups, knowing the 
correlations, modulations, and impacts of different forms of exercise 
on immunometabolism presents itself as the promising future field of 
health sciences.

Acute physical exercise can cause a slight decrease or increase 
in the leukocyte count, being dose-dependent. However, in the long 
term, the tendency is to improve the efficiency of the immune system 
with regular practice.

The present study found different positive and negative 
correlations between acid-base balance, hydro electrolytic, and 
immunometabolism induced by the new high-intensity interval 
training method, CrossCombat.
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