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Abstract
A functional single-nucleotide polymorphism (SNP) in the catechol-O-methyltransferase (COMT) gene (rs4680) is a gene variant that has been shown to predict the ability to maintain cognitive
agility during combat and competition. Critically, COMT Met
(low-activity; high dopamine) allele carriers outperform Val
(high-activity; low dopamine) homozygotes on a variety of cognitive tasks. However, the relationship between genotype and
cognitive performance appears to reverse under stressful conditions. Stress increases pre-frontal cortex dopamine (PFC DA) levels, and Met allele carriers (with higher DA) show performance
deficits relative to Val allele carriers. This pattern reflects the inverted U-shaped function of DA activity where too little (Val allele) or too much (Met allele carriers under stress) DA is associated with poor cognitive performance. The Val allele advantage
for stress resiliency is referred to as the COMT “warrior/ worrier”
model. In line with this model, we predicted that elite level mixed
martial arts (MMA) fighters would be more likely than athlete
controls to carry the GG (warrior) genotype compared to an athlete group and a non-athlete group. Based on findings in our previous studies, we also assessed the stress biomarkers cortisol and
salivary alpha-amylase (sAA). There was an overall significant
difference in genotype frequencies between groups (p =0.01) and
the MMA group showed a significantly greater GG (warrior) genotype frequency than the non-athlete control group (p = 0.003).
There was not a significant group x genotype interaction for the
cortisol or sAA; however, the non-athlete GG group had significantly higher cortisol than the A/- group (p = 0.038). Combined,
our findings suggest that the “warrior” genotype may play a participation role in combat sports.
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Introduction
Dopamine signaling in the prefrontal cortex has been
shown to moderate aggression levels. In particular, dopamine signaling in the mesocorticolimbic system is involved
in multiple facets of aggressive behaviors including the initiation, execution, and conclusion of aggressive acts
(Ferrari et al., 2003; Haney et al., 1990; Mos, 1979; Van
Erp and Miczek, 2000). Indeed, dopamine antagonists represent the most widely used pharmacological treatment in
efforts to curb aggressive behavior in humans (McDougle
et al., 1998). Dopamine has been shown to be a critical factor in individual differences in competitive ability and is
associated with competitive behavior in males across many
species. For example, zebra finches with higher tyrosine
hydroxylase mRNA and higher D1 receptor (D1-R) mRNA

show advantages in competitive ability (Eswine et al.,
2019) In rats, learned aggression is associated with low D2
receptor densities (Suzuki et al., 2010). Increased activity
of D2 receptors in the hypothalamus region increases aggressive defensive behavior in cats (Sweidan et al., 1991).
Catechol-O-methyltransferase (COMT) is one of
two major enzymes responsible for catecholamine catabolism. The COMT gene is well expressed across the brain
and regulates dopamine signaling in the prefrontal cortex.
COMT variants can be used as molecular genetic markers
associated with anxiety, pain, and stress responsivity. A
functional single nucleotide polymorphism (SNP) in the
COMT gene (rs4680) leads to an amino acid substitution
of methionine (Met) in place of valine (Val) at position 158
(Val158Met). The Val158Met polymorphism is associated
with decreased activity of the COMT enzyme in the prefrontal cortex and amygdala, increasing risk for early-onset
major depression, panic disorders, and anxiety in adolescents and adults (Qiu et al., 2015). The COMT allele status
has also been shown to functionally alter DA activity in the
PFC wherein COMT Met (low‐activity; high dopamine) allele carriers outperform Val (high‐activity; low dopamine)
allele carriers on a variety of cognitive tasks (Bruder et al.,
2005; Diaz-Asper et al., 2008; Egan et al., 2001; Goldberg
et al., 2003). Interestingly, the relationship between genotype and cognitive performance appears to reverse under
stressful conditions. Stress increases PFC DA levels, and
Met allele carriers (with higher DA) show performance
deficits relative to Val allele carriers. This pattern reflects
the inverted U‐shaped function of DA activity where too
little (Val allele) or too much (Met allele carriers under
stress) DA is associated with poor cognitive performance
(Goldman-Rakic et al., 2000).
Given the abundance of research that associates aggressive behavior with increased dopamine activity, combined with the COMT warrior/worrier model (GoldmanRakic et al., 2000), we predicted that GG homozygote
“warriors” would be more prevalent in fight sport athletes.
In line with the warrior/worrier theory, increased physical
and psychological stress during a match would push this
genotype into a high dopamine level state. Whereas A allele carriers, who have high dopamine levels at baseline,
would be pushed into the far right side of the inverted U- a
level for suboptimal cognitive functioning. Given that our
previous research showed a relationship between COMT
genotypes and biomarkers of stress (Hill et al., 2018;
Serrano et al., 2019), we also assessed these measures and
their possible relationship to genotype status.
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Methods
Participants
Participant descriptors by group can be seen in Table 1:
Eighty-three male participants (MMA = 21, athlete = 21,
non-athlete = 41) were tested in the current study (M age =
23.39 years, SD = 4.56). Self-reported ethnicities were as
follows: White/Caucasian = 49, Black/African American =
17, Asian = 9, Multiracial = 9. A power calculation was not
conducted since we aimed to test the maximum number of
(relatively rare) participants we could recruit in the MMA
group. All of the MMA athletes competed professionally
under a variety of organizations including The Ultimate
Fighting Championship, One Championship, and Bellator.
Due to sample quality or technical error we were unable to
genotype 2 participants and analyze sAA on one participant. To control for circadian fluctuations in cortisol secretion, participants were tested between 2:00-5:00 pm,
when cortisol secretion, while not at the circadian nadir, is
at a low, declining value (Bailey and Heitkemper, 2001).
The Nova Southeastern University Institutional Review
Board approved this study and written consent was acquired from all subjects before participating in the study
procedure. Following consent, the height (M height
=176.58 cm, SD = 21.68) and weight (M weight =81.09 kg,
SD = 13.23) of participants were measured. 1 mL of saliva
was collected into two 1.5 mL polyethylene centrifuge
tubes using a passive salivation technique using a small
sterile cylinder in order to measure selected biomarkers,
outlined below. Saliva was immediately stored at -20oC.
Table 1. Participant Characteristics and Biomarkers. Data
are expressed as the mean (±standard deviation).
Characteristics
MMA
Athlete
Non-Athlete
25 (6)
23 (4)
23 (4)
Age (years)
1.84 (.06) 1.74 (.03)*
1.77 (.02)
Height (m)
88.6 (15.5) 75.3 (11.0)** 81.1 (12.8)*
Weight (kg)
.26 (.25)
.22 (.13)
Cortisol (µg/dL) .21 (.16)
112.1 (96.4) 110.0 (121.6) 126.3 (95.2)
sAA (U/mL)

place of the wild-type Val(G). Genomic DNA was extracted in a QIAcube instrument following the manufacturer’s protocol (QIAGEN, Valencia, CA). Allelic discrimination for the COMT gene was determined via real-time
polymerase chain reaction (PCR) using a TaqMan SNP
genotyping assay using fluorogenic probes (Applied Biosystems, CA). Thermal cycling and fluorescence signal
genotyping was performed on StepOne Real-Time PCR
system (Applied Biosystems, CA) using negative controls
and inter-assay positive controls. Samples were run in duplicate and in the case of a call discrepancy, samples were
rerun. Genotype frequencies were as follows: AA = 10, AG
= 43, GG = 28 and were consistent with the Hardy-Weinberg Equilibrium (X2 = 1.11, p = 0.29). In order to examine
the greater frequency of the Val (G) allele in the MMA
group, we collapsed across genotypes containing the Met
allele since Met allele carriers have up to a 3-4-fold decrease in COMT enzymatic activity as compared to the
wild-type Val/Val genotype (Lachman et al., 1996) .
Statistical analyses
The distribution of allele frequencies was determined by
the Hardy–Weinberg Exact (HWE) test. Group differences
in genotype frequencies were examined through A Kruskal-Wallis H test and follow up test were conducted though
Mann Whitney tests. Potential group differences in stress
biomarkers was examined through analysis of variance
(ANOVA) and interaction effects were examined through
univariate ANOVA. All calculations were conducted using
an SPSS statistical package (version 25, SPSS inc., IBM).
All reported p-values are two-tailed with a priori significance level of p < 0.05.

* Indicates significantly different from MMA group at p< 0.05
** Indicates significantly different from MMA group at p< 0.001

Biomarkers
Cortisol and Alpha Amylase. Saliva samples were run in
duplicate and quantified via a human cortisol enzyme immunoassay (EIA) kit and a sAA Kinetic Enzyme Assay Kit
per the manufacturer’s instructions (Salimetrics LLC,
USA). The samples were immediately read on a BioTek
ELx800 plate reader (BioTek Instruments, Inc., USA) at
450 nm with a correction at 630 nm. All samples were
within the detection ranges indicated in the immunoassay
kits, and the variations of sample readings were within the
expected limits. Final concentrations for the biomarkers
were generated by interpolation from the standard curve in
µg/dL for cortisol (sensitivity <0.007, range 0.012-3.000
ug/dL) and U/mL for sAA (sensitivity = 0.4 U/mL, range
= 2-400 U/mL).
Genotyping. Each participant was genotyped for a
functional G-to-A substitution SNP in the COMT gene.
This results in an amino acid substitution of Met(A) in

Figure 1. COMT genotype frequencies by group. There was a
significant difference in allele frequencies between the MMA
group and the non-athlete group. * indicates p < 0.05.

Results
Genotype frequencies
The Kruskal-Wallis H test revealed a significant difference
in genotype frequencies between groups (X2(2) = 9.20, p =
0.01). As shown in Figure 1, between group follow-up
Mann Whitney tests showed that there was a significant
difference in GG genotype frequencies between the MMA
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group (52.4%) and the non-athlete group (19.5%), (U =
240, p = 0.003). There was a statistical trend for a difference between the non-athlete group and the athlete group
(U = 330, p = 0.05). There was not a significant difference
between the MMA group (52.4%) and the athlete group
(42.9%), (U = 169.500, p = 0.35).
Biomarkers
Analysis of variance was conducted to examine possible
group differences in cortisol and sAA. Figure 2 shows the
biomarker results for each group. There were no between
group differences in cortisol levels, F (2, 80) = 0.391, p =
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0.68 or sAA levels, F(2, 79) = 0.434, p = 0.65. We also
investigated a possible genotype x biomarker interaction
through a univariate analysis of variance. There were no
group x genotype interactions for cortisol F(2, 80) = 2.34,
p = 0.10 or for sAA F (2, 79) = 0.80, p = 0.45. Based on
our previous findings, we conducted planned analyses of
cortisol differences by genotype in the non-athlete group.
Consistent with our previous report, cortisol was significantly higher in the GG group (mean = 0.31, SD = 0.09)
relative to the A/- group (mean = 0.20, SD = 0.24), p =
0.038.

Figure 2. Cortisol and sAA levels by group and genotype. We did not observe any significant genotype x group interactions for
sAA or cortisol. A planned analysis showed that the GG non-athlete group had significantly higher cortisol levels than the A/group. * indicates p < 0.05.

Discussion
Results from this study show that MMA fighters are significantly more likely than non-athletes to carry the GG homozygous allele type on the COMT rs2650 SNP. Noncombat athletes’ GG allele type frequencies fell in the middle. They were more likely than non-athlete controls to
carry this allele type, and less likely that the MMA athletes;
however, none of these differences were statistically significant. Notably, the MMA GG genotype frequency
(52.4%) is also higher than observed in our previous studies which were 31% (Serrano et al., 2019) and 28% (Hill et
al., 2018). This is also a higher frequency than would be
expected based on a publically available database from a
North American population which was 29.2%
(https://www.snpedia.com/index.php/SNPedia).
These findings support the warrior/worrier inverted
U-shaped curve theory of dopamine proposed by Goldman-Rakic and colleagues (Goldman-Rakic et al., 2000).
In particular, this idea suggests that too much or too little
dopamine can impair performance (Cools and D'Esposito,
2011). MMA fighters, who have a high frequency of
Val/Val homozygotes, have higher COMT activity in the
PFC, which results in lower levels of dopamine. Conversely, the Met/- allele carriers have lower COMT activity
and higher dopamine levels (Akil et al., 2003; Drabant et
al., 2006; Weiss et al., 2014). Increased stress is known to
increase dopamine levels (Kaneyuki et al., 1991; Nagano‐
Saito et al., 2013). This suggests that during a match,
stress-induced increases in dopamine could push Met allele
carrier (higher baseline PFC dopamine) outside of the optimum performance range, while pushing Val/Val genotypes (lower baseline PFC dopamine) into the optimal

range. Accordingly, Val/Val genotypes would have an advantage in combat sports where they would need to perform aggressively under high stress conditions. In agreement with this idea, previous research showed that stress
exposure results in better emotion processing in Val/Val
genotypes relative to Met allele carriers (Mandelli et al.,
2007). Previous findings also supports the role of dopamine in MMA activities. In particular, a variable-number
tandem repeat (VNTR) polymorphism in DRD4 long allele
genotype was more common in MMA fighters compared
to a control group (Cherepkova et al., 2017). In general,
MMA fighters benefit from a predilection towards aggressive reactions (Cherepkova et al., 2018), and controlled aggression in particular (Rosario et al., 2014).
We previously found that in a group of unstressed
women cortisol levels were significantly lower in the Met/group relative to the Val/Val group (Hill et al., 2018). Here
we did not observe an interaction effect between cortisol
and genotype. However, a planned analysis on the non-athlete group replicated our previous finding that the GG
group had significantly higher cortisol levels at baseline. It
is possible that these differences are not present in the athlete groups since physical exercise and training can alter
cortisol levels (Hill et al., 2008; Skoluda et al., 2012). In a
previous study looking at men only we found that following a stressor, sAA levels were significantly higher in the
A/- group relative to the GG group (Serrano et al., 2019).
We did not see any genotype x sAA concentration effects
here. It will be interesting to carry out follow up work
where stress biomarkers are captured in MMA fighters vs.
control following a stressor.
One limitation in the current study is that our findings are limited to males and we cannot be certain if there
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is a higher than expected COMT GG genotype frequency
in female fighters. We limited this initial study to male participants since there are known sexual dimorphisms in the
DA pathway. For example, compared to men, women have
significantly more DA cells within the mesocortical pathway, a major dopaminergic pathway projecting to PFC
(50% vs. 30%, respectively) (Kritzer and Creutz, 2008;
Swanson, 1982). It will be interesting for future work to
investigate genotype frequencies in female fighters. An additional limitation is that while the results in the present
study show that the MMA group is more likely to carry the
warrior (GG) allele type, we cannot state if this is due to a
a self-selection or an attrition process. In other words, it is
uncertain if the GG genotypes are more likely to select a
combat sport or if it confers a distinct performance advantage for perpetuation in the sport. However, since we
tested MMA fighters who were elite performers (UFC,
Bellator, One Championship), it is probable that the
COMT GG genotype is working to increase their likelihood of advancement in competition level based on performance. Finally, due to the elite nature of the MMA group,
we did not conduct an a priori power analysis; however,
we had a large effect size (Cohen’s d = 0.82) and the posthoc sensitivity analysis effect size was 1.03.

Conclusion
In summary, our results show that MMA fighters are significantly more likely than non-athletes to carry the GG
“warrior” COMT rs4680 genotype. There was not an association between genotype and stress biomarkers, but in line
with our previous results, we showed that non-athlete GGs
have significantly higher cortisol levels than the A/- genotypes. Combined, these findings suggests that carrying the
GG Val (high‐activity; low dopamine) COMT genotype is
advantageous for MMA fighters. We plan to carry out a
follow up study that looks at the relationship between
COMT genotype and performance (e.g. wins vs. losses) in
MMA fighters.
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Key points
 Dopamine signaling in the prefrontal cortex has been
shown to moderate aggression levels.
 It is currently unclear if genetic differences in dopamine levels relate to participation in combat sports.
 A functional single-nucleotide polymorphism (SNP)
in the catechol-O-methyltransferase (COMT) gene relates to dopamine levels and allele types considered
the “warrior” and the “worrier” genotypes.
 There is an increase in the “warrior” genotype in
MMA fighters relative to control group.
 This is the first study to report COMT genotype frequencies in combat and non-combat sport athletes.
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