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Abstract

Chronic exposure to trauma and violence can promote aggressive behavior.

Oxytocin and variants in the oxytocin receptor (OXTR) gene may play a role in the

etiology of proactive, that is, goal‐oriented instrumental aggression, or reactive

aggression, which typically occurs in response to emotionally triggering situations.

The current study builds on previous findings that experienced and witnessed

trauma in childhood predicts higher levels of appetitive aggression, a form of

proactive aggression characterized by the enjoyment of participating in violent

behavior. The current study explores the role of OXTR rs2254298 and rs53576

variants in appetitive and reactive aggression. Adult males living in CapeTown, South

Africa, and at risk for violent behavior completed the Appetitive Aggression Scale

(AAS) and Buss–Perry Aggression Questionnaire (BPAQ). OXTR rs2254298 and

rs53576 were successfully genotyped via restriction fragment length polymorphism

(RFLP) analysis in 238 and 239 participants, respectively. Regression analysis

showed that rs2254298 G/G and A/G genotypes and the rs53576 A/G genotype

were significantly associated with lower AAS scores (p < .001) compared to the A/A

genotype. Additionally, genotype interaction analyses conducted in 232 participants,

found that the combination of rs2254298 A/G and rs53576 G/G genotypes

produced opposite effects on appetitive and reactive aggression. Specifically, this

combination was associated with a 0.29‐point increase in AAS scores (p = .032) and a

0.13‐point decrease in BPAQ scores (p = .037) when compared to A‐allele

homozygosity for both variants. These results suggest that genetic variation in a

signaling system involved in influencing environmental and social salience may

contribute to appetitive aggression.
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1 | INTRODUCTION

Rates of gender‐based violence, physical and sexual assault, and

murder within low socioeconomic settings in South Africa rank well

above the global norm (Seedat et al., 2009). In these settings, trauma

exposure is a common occurrence (Hinsberger et al., 2016). Chronic

exposure to trauma during critical developmental periods, such as

childhood, has been linked to poor psychological functioning and can

increase the risk for posttraumatic stress, depression, and anxiety

disorders (Hatcher et al., 2019; McKay et al., 2021; Nelson

et al., 2020). Increased trauma exposure is also associated with

future aggressive behavior (Hecker et al., 2013; Hinsberger

et al., 2016), fueling a potential cycle of violence. With enough

reinforcement from the social environment, these aggressive

tendencies can become entrenched (Hecker et al., 2013).

Aggression is a complex behavior underpinned by the intention

to cause harm to a desired target and has been broadly categorized as

reactive or proactive, based on the underlying motivation (Elbert

et al., 2018; Miller & Lynam, 2006). Reactive aggression typically

occurs when an individual is faced with an emotionally triggering

situation and is motivated by the desire for relief (Elbert et al., 2018).

Conversely, proactive aggression is instrumental, driven by the desire

for benefit or reward (Romero‐Martínez et al., 2022). Appetitive

aggression, a form of proactive aggression, occurs when violent

behavior gives rise to a sense of arousal or fascination, resulting in an

incentive to participate in acts of violence (Elbert et al., 2018).

Aggressive and violent behavior are influenced by

gene–environment interactions (Veroude et al., 2016) with twin and

family studies suggesting that genetics accounts for approximately 45%

of the variance in aggression (Romero‐Martínez et al., 2022). Though

most genome‐wide association studies of aggression yielded non-

significant results (Veroude et al., 2016), a meta‐analysis by Romero‐

Martínez et al. (2022) examining biological contributions to aggression

found that 12 of the 14 articles using a candidate gene approach

reported significant associations between allelic variation and proactive

and/or reactive aggression. Significant associations were found in genes

implicated in neuroendocrine and neurotransmitter mechanisms, such as

arginine‐vasopressin, serotonin, dopamine, oxytocin, and monoamine

oxidase. The neuroendocrine system refers to hormones that work in

conjunction with the nervous system to elicit reactions required for the

maintenance of normal bodily functions, including social behavioral cues

(van Donkelaar et al., 2020), as well as long‐term behavioral plasticity,

which facilitates behavioral shifts to adapt to changing social contexts

and interpersonal interactions (Kelly & Vitousek, 2017; Schmid Mast &

Hall, 2018). Thus, variants in neuroendocrine genes may moderate the

development of aggressive behavior in response to environmental

adversity (Kelly & Vitousek, 2017; Veroude et al., 2016).

Oxytocin was originally characterized as a prosocial neuro-

peptide and plays an important role in affiliative behavior, coopera-

tion, and stress attenuation (Leng et al., 2022). However, the more

recent expansion of the oxytocin research field to include different

clinical populations and environmental factors, combined with

inconsistent results of studies examining the effect of intranasal

oxytocin administration on behavior, have necessitated a shift in

understanding, as reviewed by Leng et al. (2022), Zik and Roberts

(2015), and Onaka and Takayanagi (2021). The social salience

hypothesis proposes a more nuanced role for oxytocin in mediating

social interactions, with the valence and chronicity of an environ-

mental factor influencing behavior that is, higher levels of oxytocin

may amplify sensitivity to both supportive and harmful contexts, with

corresponding effects on behavior (Shamay‐Tsoory & Abu‐

Akel, 2016). Oxytocin exerts its effects by binding to the oxytocin

receptor (OXTR), a G‐protein‐coupled receptor highly concentrated

in the central nervous system that plays a key role in oxytocinergic

signaling (Vaidyanathan & Hammock, 2017). Experiences, such as

social interaction and trauma during developmental years, may

influence the distribution of OXTR and expression of the OXTR

gene, with downstream effects on behavior via altered oxytocinergic

signaling (Onaka & Takayanagi, 2021).

Several previous studies have shown associations between OXTR

variants, including single nucleotide polymorphisms (SNPs), such as

rs53576, rs2254298, rs4564970, rs7632287, and rs4686302, and poor

social behavior, specifically in terms of actively engaging in aggressive

behavior (Butovskaya et al., 2020; LoParo et al., 2016; Malik et al., 2012),

as well as aggressive phenotypes within neuropsychiatric and neurode-

velopmental disorders (Hovey et al., 2016; Kalyoncu et al., 2019; Slane

et al., 2014), such as schizophrenia (Montag et al., 2013). Interactions

between OXTR variants have also been associated with modulatory

effects on neurological development and behavior (Slane et al., 2014).

However, even within the studies mentioned, there is inconsistency in

the results. This may arise from several factors, including the failure to

account for the different motivations (reactive or instrumental) under-

lying aggressive behavior; nuanced roles of oxytocin in behavior;

developmental effects on OXTR distribution and expression; and the

influence of environmental context. Importantly to note, the majority of

studies investigating the genetic contributions to aggression have been

conducted in cohorts of European andAsian ancestry (Hovey et al., 2016;

Kalyoncu et al., 2019; LoParo et al., 2016; Montag et al., 2013; Slane

et al., 2014), and hence the genetic relations suggested may or may not

be valid for other population groups.

While the abovementioned evidence indicates a relationship

between variants in OXTR and impaired social behavior, it is unclear

as to how these polymorphisms influence OXTR functioning and

subsequent adverse psychiatric outcomes. Rodent knockout models

show that rodents with a null mutant OXTR display subpar social

memory and impaired social behavior (Ferguson et al., 2000;

Takayanagi et al., 2005). Furthermore, expression analysis has

indicated that the A (minor) allele of the rs53576 A/G genotype is

associated with an increase in OXTR messenger RNA expression

compared to individuals carrying the rs53576 G/G genotype,

suggesting that the A allele corresponds with greater oxytocin

signaling capacity (GTEx Consortium et al., 2017). As such, we

hypothesized that variants in OXTRmay influence the transcription of

the receptor, subsequently moderating oxytocin signaling capacity.

This exploratory study aimed to investigate the relationship

between OXTR rs2254298 and rs53576 genotypes and aggressive

2 of 11 | LOHRENTZ ET AL.



behavior in adult males of a common South African ancestry.

Recruitment was conducted in Khayelitsha and Gugulethu, two

relatively homogeneous suburbs that were designated for “Black” South

Africans under Apartheid segregationist policy. The legacies of social,

educational, and economic discrimination persist and are reflected in

high rates of unemployment, poverty, poor service delivery, and crime

(Turok et al., 2021). More specifically, the 2011 suburb‐level census

data indicated that residents are relatively young [45.3% (Gugulethu)

and 49.5% (Khayelitsha) are 24 years of age or younger]; overwhelm-

ingly self‐identify as belonging to the Black African census group [99%

for both suburbs]; have poor housing security [48% (Gugulethu) and

55% (Khayelitsha) reside in informal dwellings), and suffer from high

rates of unemployment [39.3% (Gugulethu) and 40.4% (Khayelitsha) of

residents of working age are employed] (Policy and Strategy Depart-

ment, City of Cape Town, City of Cape Town, 2013a, 2013b). The

genetic variants, rs22254298 and rs53576, located in introns 2 and 3 of

OXTR, respectively, have been previously associated with poor social

development and aggressive phenotypes in predominantly European

population groups (Butovskaya et al., 2020; Montag et al., 2013; Slane

et al., 2014). We hypothesized that appetitive and reactive aggression

scores, measured by the Appetitive Aggression Scale (AAS) (Weierstall &

Elbert, 2011) and Buss–Perry Aggression Questionnaire (BPAQ) (Buss &

Perry, 1992), respectively, would be influenced by OXTR rs2254298 and

rs53576 genotypes.

2 | METHODS

2.1 | Participant recruitment

This study (Figure 1) is nested within a larger parent study that

investigated the relationships between trauma exposure and

aggression in young men residing in Khayelitsha and Gugulethu,

two low‐income suburbs in Cape Town, South Africa, with high

levels of violence (Hinsberger et al., 2016). The study recruited 290

male participants, ranging from 14 to 40 years of age, who self‐

identified as being isiXhosa, a South African population belonging to

the Niger–Kordafarian linguistic subgroup (Bryc et al., 2010).

Hinsberger et al. (2016) recruited a strictly male cohort based on

the findings of a study conducted by Kaminer et al. (2013), which

determined that, in a cohort of Xhosa‐speaking adolescents, boys

were more likely to report more severe trauma experience, including

higher reported rates of sexual abuse and physical punishment,

compared to their female counterparts. Participants were recruited

if they were deemed as being at risk of perpetrating violence, based

on either previously committed violent acts or were at increased

risk of doing so based on their responses to an appetitive aggression

event checklist (Weierstall & Elbert, 2011). Participants were

recruited with assistance from the community‐based Rebuilding

and Life Skill Training Center (REALISTIC) in Gugulethu and

provided written informed consent to participate. The center

provides a 6‐month life skills training program, aimed at reducing

recidivism and drug abuse relapse, to support ex‐prisoners and at‐

risk youth. Participation in the REALISTIC program was either

voluntary or mandatory, where in mandatory cases participants

were referred by police or sent by family members (Hinsberger

et al., 2016). The parent study comprised participants who had

never participated in a reintegration program (49%), as well as those

who had ever been enrolled in the reintegration program (51%).

Twenty percent of participants were former offenders currently

enrolled in the REALISTIC program (Sommer et al., 2017). This study

was approved by the Health Research Ethics Committee of

Stellenbosch University, South Africa (REC: N21/01/003_Substu-

dy_N13/01/006).

F IGURE 1 Study flow diagram. Figure created using BioRender.com. [Color figure can be viewed at wileyonlinelibrary.com]
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2.2 | Measures of trauma, aggression, and violence

Details of the assessment procedure have been reported in previous

publications (Hinsberger et al., 2016; Sommer et al., 2017). Briefly,

interviews were conducted between October 2013 and Match 2014 and

took place on either the REALISTIC premises or at otherwise secluded

offices to ensure privacy. The interview team included four German

mental‐health experts and three local trained counselors, as well as

bilingual isiXhosa/English interpreters specifically trained for clinical

settings and who were responsible for the translation and back‐

translation of the assessment instruments (Hinsberger et al., 2016;

Sommer et al., 2017).

Trauma exposure was measured using an adapted Childhood

Exposure to Community Violence Checklist (CECV) (Amaya‐

Jackson, 1998), a 33‐item self‐report checklist measuring an individual's

exposure to levels of hearing, witnessing, and experiencing trauma during

childhood. The adapted CEVC includes violence typically experienced in

low‐socioeconomic areas within South Africa, such as sexual and physical

assault. The total score of 33 indicates the severity of the individual's

exposure to traumatic events, subdivided into questions pertaining to

witnessed and self‐experienced traumatic events. Possible scores range

from 0 to 33. The CECV score reliability in the current sample cohort,

where internal consistency is measured using the McDonald's coefficient

omega, was found to be 0.79 (95% confidence interval [CI]: 0.75–0.82)

(Sommer et al., 2017). The interpretation of McDonald's omega is the

same as Cronbach's ⍺ with the score of .79 indicating acceptable internal

consistency (.7≤ω<.8).

The AAS was used to measure appetitive aggression (Weierstall

& Elbert, 2011). The AAS score was calculated by summing scores

determined from 15 questions on instrumental aggression, addiction

behavior, and desire to cause harm, rated on a 5‐point Likert scale

with potential scores ranging from 0 to 60. The McDonald's

coefficient omega of 0.87 (95 CI: 0.84–0.89) indicated good internal

consistency (.8 ≤ω < .9) (Sommer et al., 2017). The AAS was also used

to assess the number of different offenses committed in their

lifetime. The number of positive responses to a list of 21 possible

offenses, including rape, assault, and murder, was summed to yield a

score ranging from 0 to 21. McDonald's coefficient omega for the

number of offense types committed was 0.88 (95 CI: 0.86–0.90),

indicating good internal consistency (Sommer et al., 2017).

Reactive aggression was measured using the BPAQ, a 29‐item

inventory scored on a 5‐point Likert scale (Buss & Perry, 1992). Scores

can range from 29 to 145, with higher scores indicating higher levels of

trait aggression.

Thirty‐eight of the 290 parent study participants had missing data for

one or more variables. In these cases, missing values were estimated

using maximum likelihood estimation as reported by Sommer et al. (2017).

2.3 | Sample collection and DNA extraction

Saliva samples were collected in Oragene™ DNA self‐collection kits

(OG‐500, DNA Genotek) at the interview, and genomic DNA was

extracted using the Prep‐It L2P reagent (DNA Genotek) according to

the manufacturer's instructions. DNA quantity and quality were

assessed using a NanoDrop Spectrophotometer (Thermo Fisher

Scientific). DNA was stored at −80°C until use in polymerase chain

reaction (PCR) RFLP experiments.

2.4 | PCR RFLP

Genotyping experiments were limited to adult participants with DNA

available for analysis (n = 265). Two OXTR SNPs, rs2254298 and

rs53576, were amplified by PCR performed on a MiniAmp Plus

Thermal Cycler (Thermo Fisher Scientific) with use of KAPA2G

Robust HotStart ReadyMix (Kapa Biosystems) and the following

primers (Integrated DNA Technologies): rs2254298—forward: 5′‐TGA

AAG CAG AGG TTG TGT GGA CAG G‐3′; reverse: 5′‐AAC GCC CAC

CCC AGT TTC TTC‐3′; rs53576—forward: 5′‐GCC CAC CAT GCT CTC

CAC ATC‐3′; reverse: 5′‐GCT GGA CTC AGG AGG AAT AGG GAC‐3′

(Wu et al., 2005). Gel electrophoresis (1% agarose (SeaKem LE) gel,

120 V, 60min) was used to visualize the PCR products, after which

the amplified products were subjected to an RFLP to determine the

genotype. The full experimental details are provided in the Support-

ing Information materials, including the PCR components (Supporting

Information S1: Table 1), PCR conditions (Supporting Information S1:

Table 2), and RFLP components (Supporting Information S1: Table 3).

Restriction enzyme digest conditions were as follows. Rs2254298

samples were incubated with BsrI restriction enzyme (New England

Biolabs) at 65°C for 15min, followed by 20min at 80°C to stop the

reaction. Results were visualized on a 2% agarose gel (120 V, 60min).

Rs53576 samples were incubated with BamHI restriction enzyme

(New England Biolabs) at 37°C for 16 h. Results were visualized on a

1.5% agarose gel (120 V for 60min). A random selection of 10

samples was sent for Sanger sequencing at the Central Analytical

Facility DNA Sequencing Unit (Stellenbosch University) to confirm

the OXTR rs2254298 and rs53576 genotype calls determined by

RFLP. Genotyping of rs22542938 and rs53576 was successfully

performed in 238 and 239 samples, respectively, with genotype data

for both variants available for 232 participants. Genotyping results

were tested for Hardy‐Weinberg Equilibrium (HWE) using the R

package SNPassoc (R Core Team, 2022). Haplotype analysis was

conducted using the R package LDlinkR (R Core Team, 2022).

2.5 | Statistical analysis

Continuous data were assessed for normality using the Shapiro–Wilk

test. Correlation coefficients between variables were determined

using Spearman's rank correlation test. Both appetitive and reactive

aggression models made use of continuous scores. AAS scores were

distributed as a bounded rare event, similar to that of a Poisson‐like

distribution. Therefore, a Poisson regression was used to determine

the association between AAS/BPAQ scores and rs2254298 and

rs53576 genotypes, and to allow for the adjustment of known
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covariates within the cohort. Witnessed and experienced trauma,

age, education, and participation in the REALISTIC program were

considered as potential covariates and were included in regression

models when significantly associated with the outcome of interest.

Furthermore, as BPAQ and AAS scores were significantly associated

with each other, regression models with AAS scores as an outcome

variable included BPAQ scores as a covariate and vice versa.

Appetitive aggression models were as follows:

AAS ~ genotype + witnessed trauma + experienced trauma

+ BPAQ + age + education + REALISTIC participation.

BPAQ scores were regressed against genotype and covariates as

below:

BPAQ ~ genotype + witnessed trauma

+ experienced trauma + AAS + education

+ REALISTIC participation.

Finally, we ran models that included the rs2254298–rs53576

interaction. Model sample size was based on the number of

participants for whom genotype data were available [rs2254298

n = 238; rs53576 n = 239; rs2254298 × rs53576 n = 232].

Diagnostic plots were used to assess model fit. All data analysis

was performed in R v4.1.1, using packages corrplot, dplyr, epicalc,

epiDisplay, ggplot2, ggsignif, Hmisc, LDlinkR, psych, readr, readxl,

ResourceSelection, SNPassoc, and skimr (R CoreTeam, 2022). Results

are reported as medians and interquartile range (IQR). Post hoc

power calculations were performed using G*Power v3.1.9.7 (Faul

et al., 2007). To aid in the interpretation of our results, we drew on

the Gene‐Tissue Expression (GTEx) project, which combines gene

expression analysis along with dense genotyping of multiple different

human tissues to provide insight into how genetic variation is related

to expression and regulation (GTEx Consortium et al., 2017). The

GTEx database was searched for both rs2254298 and rs53576.

3 | RESULTS

3.1 | Cohort data

Descriptive statistics for demographic and clinical data were

calculated for the 245 participants for whom rs2254298 and/or

rs53576 genotype data were available. The age of participants

ranged from 18 to 40 years with a median age of 22 years (IQR:

19–24). The number of years of education ranged from 1 to 16 years

with a median value of 11 years (IQR: 10–12). All individuals

experienced at least one form of traumatic event as measured by the

CECV. Participants experienced a median of 9 (IQR: 6−11) self‐

experienced traumatic event types and witnessed a median of 10

(IQR: 8–12) traumatic events. The median total trauma score

measured by the CECV was 19 (IQR: 15–23). The AAS score ranged

from 0 to 60, with a median score of 12 (IQR: 6–23). The median

BPAQ score was 87 (IQR: 72–00). Scores for the number of different

types of offenses committed ranged from 1 to 21, with a median

value of 12 (IQR: 8–15).

Correlation values between continuous measures were calcu-

lated (Supporting Information S1: Table 4). The analyses indicated

significant positive correlations between all measures of trauma

(witnessed and experienced), aggression (appetitive and reactive), and

perpetrated violence (number of different offense types committed)

(Figure 2). The strongest correlation was between witnessed and

experienced trauma (r = .60, p < .001). AAS scores were found to be

moderately positively correlated with the number of different

offense types committed (r = .50, p < .001) and BPAQ scores

(r = .49, p < .001), and weakly positively correlated with witnessed

(r = .31, p < .001) and experienced trauma (r = .36, p < .001). BPAQ

scores were found to be moderately positively correlated with the

number of different offense types committed (r = .40, p < .001) and

weakly correlated with witnessed (r = .23, p < .001) and experienced

trauma (r = .36, p < .001).

3.2 | OXTR rs2254298 and rs53576 genotype
frequencies

Genotyping data for the OXTR SNPs are presented in Supporting

Information S1: Table 5. Both rs2254298 and rs53576 were found to

be out of HWE. If OXTR variants do play a role in aggression, our

targeted selection of previous offenders or those at‐risk of violence

may have produced an artificial HWE result. Consequently, we

F IGURE 2 Spearman's rank correlation matrix of continuous
study variables. The strength of correlations is indicated by the size
and color of the circle, with positive and negative correlations
indicated in a spectrum spanning from blue to red, respectively.
Correlations that did not reach significance are indicated by a cross.
AAS, Appetitive Aggression Scale; BPAQ, Buss–Perry Aggression
Questionnaire. [Color figure can be viewed at wileyonlinelibrary.com]
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adopted the approach employed by a previous study in this same

cohort, which designated participants with AAS scores ≤8 as having

low appetitive aggression (Hinsberger et al., 2017). When analyses

were repeated in participants with low appetitive aggression, both

variants were found to be in HWE.

3.3 | OXTR variants and aggression measures

Median AAS and BPAQ scores per rs2254298 and rs53576 genotype

are reported in Table 1. Poisson regression models indicated that

participants with rs2254298 A/G and G/G genotypes had 0.22‐ and

0.31‐point lower AAS scores than participants with the A/A

genotype (p < .001 for both) (Supporting Information S1: Table 6).

Participants heterozygous for rs53576 were found to have a 0.15‐

point lower AAS scores than those carrying the homozygous A/A

genotype (p = .024). No significant associations were observed in

participants with the G/G genotype (Supporting Information S1:

Table 7).

Participants with the rs2254298 A/G genotype had a 0.05‐point

higher BPAQ score compared to individuals with an A/A genotype

(p = .015). No significant associations between BPAQ score and the

G/G genotype were observed (Supporting Information S1: Table 8).

Carrying at least one rs53576 G allele was significantly associated

with BPAQ score, with the A/G and G/G genotypes associated with

0.13‐ (p = .008) and 0.07‐point (p = .013) higher BPAQ score,

respectively (Supporting Information S1: Table 9).

Genotype interaction analyses found that participants heterozy-

gous for rs2254298 and carrying the rs53576 G/G genotype had

0.29‐point higher AAS scores compared to individuals carrying the A/

A genotype for both variants (p = .032) (Supporting Information S1:

Table 10). rs2254298 A/G participants carrying the rs53576 G/G

genotype had a 0.13‐point lower BPAQ score in comparison to

participants with rs53576 and rs225498 A/A genotypes (p = .037)

(Supporting Information S1: Table 11).

Our search of the GTEx database identified rs53576 as an

expression quantitative trait locus, that is, a variant that can influence

gene expression. This significant variant–expression relationship was

limited to brain tissue and the G/G genotype was associated with

lower expression across the regions assessed, though the extent of

this effect varied according to region (Figure 3).

4 | DISCUSSION

The present study is an exploratory investigation to determine the

association between OXTR rs2254298 and rs53576 genotypes and

aggressive behavior in a cohort of South African Xhosa males at high

risk for perpetrating violence. We specifically focussed on appetitive

aggression as we wanted to understand how fascination with

violence and the viewing of such actions as arousing contributes to

cycles of violence in nonconflict settings that are nevertheless

characterized by high stress and trauma exposure. The characteriza-

tion of this study group as being at‐risk for violence is borne out by

the finding that the median value (12) for the number of different

types of offenses committed reflects answers in the affirmative to

more than half of the 21 different types of offenses listed. The

finding that witnessed and experienced trauma were significantly

correlated with both appetitive and reactive aggression measures, as

well as the number of different types of offenses committed,

supports the suggestion that high‐trauma contexts may foster

aggressive behavior and contribute to a cycle of violence.

When evaluating the influence of OXTR genotypic variation on

AAS scores, we found that the rs2254298 G/G and A/G genotypes

were associated with lower AAS scores compared to the A/A

genotype. As this is the first study to examine rs2254298 in relation

to appetitive aggression specifically, we can only interpret this result

in comparison to studies investigating other behaviors. Brüne's

(2012) finding that early childhood adversity heightened the risk of

developing a psychiatric disorder, that is, depression, autism, or

anxiety, in rs2254298 A allele carriers suggests that the rs554298‐

environment interaction may influence behavior. In a study of autism

in children, the presence of the rs2254298 A allele was associated

with impaired social behavior (Parker et al., 2014). While social

impairment is not directly congruent with an aggressive phenotype, a

study investigating aggression in children from 24 months to 9 years

of age found that children on a high‐stable aggression trajectory were

more likely to display poor social skills (Campbell et al., 2006).

Therefore, OXTR rs2254298 genetic variation may also play a role in

abnormal or challenging behavior with aggression‐like tendencies in

TABLE 1 Median aggression scores with interquartile range per
OXTR SNP genotype.

Aggression score Genotype Median IQR

rs2254298 (n = 238)

AAS A/A 15.0 5.5–26.0

A/G 12.0 6.0–22.0

G/G 11.5 –5.3 to 20.8

BPAQ A/A 87.0 70.5–95.0

A/G 89.0 75.0–105.0

G/G 85.0 70.0 – 97.8

rs53576 (n = 239)

AAS A/A 12.5 5.3–20.2

A/G 11.5 –7.0 to 22.2

G/G 13.0 –6.0 to 24.0

BPAQ A/A 82.5 69.8–95.5

A/G 89.5 80.0–103.0

G/G 86.0 70.5–97.5

Abbreviations: AAS, Appetitive Aggression Scale; BPAQ, Buss–Perry
Aggression Questionnaire; IQR, interquartile range; SNP, single nucleotide

polymorphism.
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psychiatric disorders such as autism spectrum disorder (Brüne, 2012;

Campbell et al., 2006; Parker et al., 2014). Nevertheless, it is unlikely

that rs2254298 variation exerts a clinically meaningful influence on

appetitive aggression, given that the effect size (0.19–0.28 points)

represents a small difference in an instrument with scores ranging

from 0 to 60.

Participants carrying the OXTR rs53576 A/G genotype had lower

AAS scores compared to those with the A/A genotype. This suggests

a "Goldilocks effect", that is, a distinct heterozygous phenotype that

does not lie intermediate between the two homozygous phenotypes,

which though uncommon, has been previously observed in genetic

investigations (Craig Cohen et al., 2004). Linkage disequilibrium (LD)

may also play a role in this association. Though our haplotype analysis

indicated that rs2254298 and rs53576 are not in LD (r2 = .02) in our

study group, this does not preclude the possibility that other SNPs in

LD could be responsible for this effect. One possibility is the

functional OXTR SNP rs2268498 (Reuter et al., 2017), which is in LD

with rs53576 in participants of Asian ancestry (Koh et al., 2015), and

has been previously associated with pro‐social behavior (Christ

et al., 2016). However, the lack of consistency in haplotypes across

population groups, combined with the fact that our results were

observed in comparison to a small reference group (nA/A = 20),

requires studies with a more comprehensive range of OXTR SNPs

that can investigate haplotype structure and different modes of

inheritance in African populations be performed.

In terms of reactive aggression, rs2254298 and rs53576 A‐allele

homozygosity were both associated with higher BPAQ scores in

comparison to rs2254298 A/G and rs53576 A/G or G/G genotypes,

respectively. These findings of an opposite direction of effect on AAS and

BPAQ scores were also observed when investigating the role of the

serotonergic STin2.12 repeat allele (Hemmings et al., 2018). Divergent

effects were also observed in our interaction analyses. We found that the

rs53576 G/G genotype, compared to the rs53576 A/A genotype, was

associated with higher AAS scores but only in rs2254298 heterozygous

participants. The same interaction had an opposite effect on BPAQ score,

that is, the rs53576 G/G versus A/A genotype was associated with lower

BPAQ scores in participants heterozygous for rs2254298. Previous

literature has indicated that the rs2254298–rs53576 interaction may

influence neurological development and behavior. More specifically, in a

study of typically developing children, Slane et al. (2014) observed that

the same rs2254298 A/G x rs52576 GG interaction observed in our

study was associated with worse social cognition, including measures

addressing social problems, social avoidance, emotion recognition, and

interpersonal relatedness. With respect to aggression, a three‐loci

interaction (rs6133010–rs22542908–rs53576) including our SNPs of

interest, was found to predict physical aggression in men

(Yang et al., 2017).

In considering our findings of opposite effects on reactive and

appetitive aggression, it is important to note that conceptualization of

reactive and proactive aggression as dichotomous entities is under

debate, with an alternative view being that these represent facets of

aggression that are not sufficiently distinct to be clinically meaningful

(Polman et al., 2007). The difficulty in reactive versus proactive

interpretation can be seen in the results of a meta‐analysis, which

F IGURE 3 Oxytocin receptor (OXTR) rs53576 acts as an expression quantitative trait locus in human brain tissue. Violin plots showing OXTR
expression indicate that rs53576 acts as an expression quantitative trait locus in multiple regions of the human brain, including the cortex,
hippocampus, and basal ganglia. [Color figure can be viewed at wileyonlinelibrary.com]

LOHRENTZ ET AL. | 7 of 11

http://wileyonlinelibrary.com


found that though the mean correlation between the two measures

was strong (r = .64), there was considerable variation across studies

(−.10 ≤ r ≤ .89), suggesting that other elements, including choice of

measurement instrument, and personal and environmental factors

may play a role (Polman et al., 2007). From a biological perspective,

proactive, and reactive aggression show both common and distinct

pathophysiology. Both reactive and proactive aggression are esti-

mated to be approximately 45% heritable, with 60% of this shared by

both types of aggression and 10% representing unique contributions.

Both reactive and proactive aggression are associated with increased

medial prefrontal cortex activity and alterations to amygdala and

temporal cortex volumes (Romero‐Martínez et al., 2022). However, in

comparison to reactive aggression, proactive aggression has been

associated with lower sympathetic nervous system fear reactivity

(Thomson et al., 2021) and cortisol awakening response (Paré‐Ruel

et al., 2022). It is, therefore, possible that the biology underlying

appetitive aggression and reactive aggression also show common and

distinct mechanisms. Our study found a moderate correlation

between AAS and BPAQ scores, suggesting that they are represent-

ing related constructs rather than the same factor. By controlling for

reactive aggression in models assessing appetitive aggression and

vice versa, we could better discern OXTR contributions to the two

different types of aggression. Our findings thus support suggestions

that similar pathways may subserve appetitive and reactive aggres-

sion but that subtle differences in their mechanisms of action or

effects may influence the aggression phenotype (Elbert et al., 2018;

Hecker et al., 2013).

It is not possible to discern the mechanisms underlying our

findings without conducting a more in‐depth study that collects

multimodal data. However, GTEx data showed not only that rs53576

genotype may influence OXTR expression but that the magnitude and

direction of this effect varied across the brain regions assessed (GTEx

Consortium et al., 2017). Animal models investigating behavioral

responses to threat and fear, have shown that OXTR neuro-

transmission in the central amygdala reduces reactivity to diffuse or

distant threats but mediates the transition from passive to active

escape behaviors when threat is imminent (as reviewed by Olivera‐

Pasilio & Dabrowska, 2020). Region‐level differences in OXTR

signaling have also been associated with dominance or offensive

aggression behavior. Higher levels of unprovoked aggression have

been associated with higher OXTR binding in the bed nucleus of the

stria terminalis in male rats (Calcagnoli et al., 2014), and lower OXTR

binding in the ventral and rostral lateral septum of female rats

(Oliveira et al., 2021) and male mice, respectively (Lee et al., 2019). If

we were to make inferences from these findings, it is possible that

the appetitive aggression‐associated OXTR SNP profile observed in

our study group may correspond with brain region‐level differences

in OXTR expression and availability for binding, and thus oxytoci-

nergic signaling. However, this is speculation given that the effects of

rs2254298 and rs53575 genotypes on OXTR expression in the

specific regions mentioned is unknown.

While this exploratory study found associations between two

OXTR variants and appetitive aggression, certain limitations should be

taken into consideration. First, the study is underpowered to detect

small effect sizes, (Cohen's f2 = .02) with the sample size of 232

participants having only 33% power to detect such effects. An a priori

calculation based on a multiple regression model including a single

genetic variant and six covariates would require 725 participants to

detect small effect sizes with 80% power. A model including nine

predictors (two genotypes plus their interaction, as well as six

covariates) would increase the required sample size to 791. However,

this is probably a substantial underestimation given that the effect

size is likely smaller and the standard error larger for interactions

compared to the main effects (Leon & Heo, 2009). Second, the

specific genetic ancestry of our study group limits the ability to

generalize our results to other population groups, seeing as previous

literature indicates differing allele frequencies amongst population

groups such as those of European or Asian descent (Butovskaya

et al., 2020). Third, our focus on male participants prevents us from

making inferences about the role of OXTR variants in aggression in

females. Fourth, while rodent models have investigated the relation-

ship between OXTR variants in relation to behavioral outcomes

(Ferguson et al., 2000; Takayanagi et al., 2005), the functionality of

OXTR rs2254298 and rs53576, either alone or in interaction, has not

been investigated. Fifth, we only examined one aspect of aggression

pathophysiology, which is known to be multifactorial, with contribu-

tions from (epi)genetics, neurotransmission, neuroendocrine systems,

and brain structure and function (Slattery & Young, 2019). Finally, our

study was not able to account for the broad range of potential

psychiatric conditions or adverse mental health states in participants.

This limitation is particularly pertinent given the findings of a recent

meta‐analysis, which included 16,277 cases (defined as having a

mental disorder diagnosed according to the Diagnostic and Statistical

Manual of Mental Disorders or International Classification of Disease

criteria) and 77,586 controls. The analyses indicated that experience

of psychological trauma, whether during childhood or adulthood, was

a transdiagnostic risk factor for mental disorders (Hogg et al., 2023).

Considering the abovementioned limitations, the findings of this

study should be interpreted with caution until more extensive and

detailed research has been performed.

A strength of our investigation is that aggression studies in the

context of trauma exposure are typically investigated in participants

who have been exposed to military conflict (Hecker et al., 2013). Whilst

war zones are plagued with continuous stressors (Hecker et al., 2013), it

is not clear to what degree the findings can be translated to the general

population. Stressors resulting from low socioeconomic environments

with high levels of violence are globally prevalent, thus allowing for

findings of trauma‐aggression interactions to be relevant to globally

relatable population groups (Atwoli et al., 2015).

This exploratory study is the first to investigate the association

between appetitive aggression and the OXTR rs2254298 and

rs53576 variants in a cohort of South African Xhosa males at high

risk for committing aggressive acts. Although these variants have

previously been implicated in broader displays of poor social

behavior, such as in those with neurodevelopmental disorders, they

have not, until now, been investigated in the context of appetitive
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aggression. These findings support the hypothesis that appetitive and

reactive aggression may arise from opposite effects of a common

biological pathway or that the two forms of aggression display

differing genetic signatures. Our results add to the limited insight into

the genetic etiology of appetitive aggression. Our findings should be

replicated in well‐powered studies that collect multimodal data from

both male and female participants representing a range of genetic

ancestries, so that the mechanisms of oxytocin, alone and in

interaction with other biological systems, in aggressive phenotypes

can be investigated. Such studies could ultimately contribute to

better understanding of aggression and inform future studies aimed

at identifying risk trajectories, as well as prevention and treatment

strategies.
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