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Abstract 

Testosterone is often considered a critical regulator of aggressive behaviour. There is 

castration/replacement evidence that testosterone indeed drives aggression in some species, but 

causal evidence in humans is generally lacking and/or—for the few studies that have 

pharmacologically manipulated testosterone concentrations—inconsistent. More often researchers 

have examined differences in baseline testosterone concentrations between groups known to differ 

in aggressiveness (e.g., violent vs non-violent criminals) or within a given sample using a 

correlational approach. Nevertheless, testosterone is not static but instead fluctuates in response to 

cues of challenge in the environment, and these challenge-induced fluctuations may more strongly 

regulate situation-specific aggressive behaviour. Here, we quantitatively summarize literature from 

all three approaches (baseline, change, and manipulation), providing the most comprehensive meta-

analysis of these testosterone-aggression associations/effects in humans to date. Baseline 

testosterone shared a weak but significant association with aggression (r = 0.054, 95% CIs [0.028, 

0.080]), an effect that was stronger and significant in men (r = .071, 95% CIs [.041, .101]), but not 

women (r = .002, 95% CIs [-.041, .044]). Changes in T were positively correlated with aggression 

(r = 0.108, 95% CIs [0.041, 0.174]), an effect that was also stronger and significant in men (r = 

0.162, 95% CIs [0.076, 0.246]), but not women (r = 0.010, 95% CIs [-0.090, 0.109]). The causal 

effects of testosterone on human aggression were weaker yet, and not statistically significant (r = 

0.046, 95% CIs -0.015, 0.108]). We discuss the multiple moderators identified here (e.g., offender 

status of samples, sex) and elsewhere that may explain these generally weak effects. We also offer 

suggestions regarding methodology and sample sizes to best capture these associations in future 

work.  

 

Keywords: challenge hypothesis, androgens, sex differences, pharmacological challenge 

  



Aggression, especially in its more extreme forms—violence, homicide, and war—is one of 

the leading causes of death, with homicide alone predicted to claim more lives in 2030 than highly 

prevalent diseases such as Alzheimer’s and Breast Cancer (World Health Organization, 2010). 

Aggression has been operationalized as an act intended to harm, either physically or non-physically 

(e.g., financially, psychologically), another individual who would rather avoid such treatment 

(Baron & Richardson, 1994). Although there are multiple factors (e.g., context or personality traits) 

that contribute to the expression of aggression (e.g., see meta-analyses in Bettencourt & Kernahan, 

1997; Bettencourt & Miller, 1996; Greitemeyer & Sagioglou, 2016; Hershcovis et al., 2007; Jones, 

Miller, & Lynam, 2011), one biological factor that has received much attention to date is the 

hormone testosterone. Berthold, in the mid 19th century, discovered that removing both testes from 

developing male chickens (at 2 or 3 months of age) prevented their normal development of 

secondary sexual characteristics and—most relevant here—aggressive behaviour (Berthold & 

Quiring, 1944). When he repeated the same procedure—but transplanted one testis taken from 

another chicken—the expected secondary sexual characteristics and male-typical aggressive 

behaviour developed normally. Given the importance of the testes for testosterone secretion, this 

and other non-human animal studies (e.g., mice, Beeman, 1947; macaques, Takeshita, Huffman, 

Kinoshita, & Bercovitch, 2017) showing decreased aggression following castration/ablation, 

suggest that the hormone may modulate this type of behaviour in humans.  

There are certainly strong lay beliefs about its aggression-potentiating effects (e.g., 

Eisenegger, Naef, Snozzi, Heinrichs, & Fehr, 2010) and some circumstantial evidence seems 

consistent with the idea that the hormone may promote aggression: demographic groups tending to 

be more aggressive, particularly physically aggressive and/or homicidal (e.g., 15 - 29 year old 

males, Daly & Wilson, 1988; M. Wilson & Daly, 1985; World Health Organization, 2010) have 

higher concentrations of testosterone than do other demographic groups (e.g., women, older men, 

Handelsman, Sikaris, & Ly, 2016). Nevertheless, early studies that more directly examined groups 

known to differ in violence (e.g., criminals incarcerated for violent versus non-violent criminals: 



Bain, Langevin, Dickey, & Ben-Aron, 1987; Ehrenkranz, Bliss, & Sheard, 1974) or correlations 

between testosterone and aggression within a given sample of participants (e.g., Kreuz & Rose, 

1972; Persky, Smith, & Basu, 1971; Scaramella & Brown, 1978), found mixed and/or weak support 

for this link. Synthesizing some of this earlier literature (pre-2005), a meta-analysis revealed a 

significant—but small (r = .08)—association between testosterone and various indices of human 

aggression (Archer, Graham-Kevan, & Davies, 2005). Further, early studies employing an 

experimental approach by pharmacologically elevating concentrations of testosterone (e.g., through 

weekly injections) for a prolonged period yielded mixed support for testosterone’s causal role in 

promoting human aggression (e.g., O’Connor, Archer, Hair, & Wu, 2002; O’Connor, Archer, & 

Wu, 2004; Pope, Kouri, & Hudson, 2000; Yates, Perry, MacIndoe, Holman, & Ellingrod, 1999).  

One explanation for this relatively weak relationship is that many of these earlier studies 

used self-report rather than behavioural measures of aggression, which may produce lower 

associations given self-reported behaviour may be more prone to response biases and inconsistent 

responding (e.g., Strang, Peterson, Hill, & Heiman, 2013), and not always map onto aggressive 

behaviour (reviewed in Baumeister, Vohs, & Funder, 2007; Lobbestael, 2015). Further, these oft-

employed questionnaires tend to assess more stable, or trait levels of aggression, but this behaviour 

is highly context- or situation- dependent. For example, aggression is expressed far more frequently 

when an individual is provoked, their goals are thwarted or challenged, or they experience some 

otherwise aversive event (e.g., for recent review, see Groves & Anderson, 2018). Similarly, these 

studies often examined stable, trait, or baseline concentrations of testosterone, but the hormone’s 

concentrations fluctuate over time and across situations. Models of the testosterone-aggression 

relationship in human and non-human animals emphasize this context-dependency. For example, 

the Fitness Model of Testosterone Dynamics—and the Challenge Hypothesis (Wingfield, Hegner, 

Dufty, & Ball, 1990; applied to humans, Archer, 2006), upon which the fitness model is largely 

based—posit that testosterone responds to cues in the environment that signal a potential fitness-

related challenge or opportunity (e.g., provocation, competition). These challenge-related surges in 



testosterone, in turn, drive behavioural responses, such as aggression, aimed at protecting or 

enhancing fitness. Indeed, studies capturing testosterone changes during competitive interactions 

have found the changes to correlate with, or positively predict, aggression measured either 

concurrently with, or after, the testosterone changes (e.g., Carré, Campbell, Lozoya, Goetz, & 

Welker, 2013; Carré, Gilchrist, Morrissey, & McCormick, 2010; Carré, Putnam, & McCormick, 

2009; Geniole, Carré, & McCormick, 2011; Klinesmith, Kasser, & McAndrew, 2006). 

Nevertheless, these links are not straightforward, and sometimes depend on factors such as 

personality traits or social context (e.g., Carré et al., 2010; Norman, Moreau, Welker, & Carré, 

2014; Welker et al., 2017). Similarly, when single doses of testosterone have been administered to 

mimic these transient surges, their overall and/or direct effects on aggression have been relatively 

weak, moderated by other factors (e.g., personality, provocation, Carré et al., 2017; Geniole et al., 

2019) or mediated by negative affect (Panagiotidis et al., 2017). Therefore, although fluctuations in 

testosterone appear to more strongly predict aggression than stable, baseline concentrations, they 

may nonetheless be limited in their predictive validity given their dependence on personality, 

situation, and affect. 

Here, we synthesize this testosterone-aggression literature, providing a comprehensive and 

quantitative overview that updates the meta-analytic estimate of the association between baseline 

testosterone and aggression, including effects from both group comparison and correlational 

studies. We also provide, for the first time, a meta-analytic estimate of the association between 

changes in testosterone and aggression, with the hypothesis that such links will be stronger than 

those involving baseline concentrations (e.g., see studies in which changes in, but not baseline, 

testosterone predicted aggression, Carré et al., 2013, 2010, 2009; Geniole et al., 2011). And finally, 

we examine the effects of exogenous testosterone on aggression, identifying the overall causal 

effect of the hormone on aggression.  

 

 



 

Methods 

Coding and extracting effect and sample sizes 

 We extracted effect sizes based on bivariate associations (e.g., Pearson’s product-moment 

correlation, Spearman’s rho) or means and standard deviations, allowing for an estimate of the zero-

order association between testosterone and aggression, or between group membership—aggressive 

vs non-aggressive (e.g., violent vs non-violent prisoners)—and testosterone (see Supplementary 

Materials for dataset, notes, and funnel plots). For change in testosterone, we extracted effect sizes 

from analyses involving difference scores (time 2 – time 1), residuals (time 2 controlling 

statistically for time 1), or percent change scores [(time 2 – time 1) / time 1) * 100]1. For those 

studies reporting more than one post-task sample for determination of testosterone, all post-task 

correlations provided were averaged to give a single score. If one of the values above was not 

reported, we estimated effect sizes from one of the following methods: other statistics reported in 

the text (e.g., t statistics from regression models, F values and df from ANOVA) using Wilson’s 

(2001) Effect Size Determination Program or the Psychometrica program for Computation of Effect 

Sizes (https://www.psychometrica.de/effect_size.html#transform); direct correspondence with an 

author from the original study; extraction from available figures using WebPlotDigitizer 

(https://automeris.io/WebPlotDigitizer/). For studies that reported multiple indices of testosterone 

(e.g., free testosterone, total testosterone), we preferentially used free testosterone. For effect sizes 

from within-subject study designs (e.g., placebo-controlled cross-over designs), we used a 

correlation of r = .50 to represent the association between aggression measured pre- and post- drug 

administration2. When available, sample size values were those reported by the original authors 

 
1 Although it is possible that these different calculation methods may produce different correlations with aggression, we 

have found extremely high correlations (rs > .84) between these alternative calculation methods (reanalysis of Carré et 

al., 2013). 
2Study design (within- versus between-subject manipulation of testosterone) was not a significant moderator in our 

analyses (see Results below), supporting our decision to combine effect sizes derived from these two types of designs in 

our meta-analyses. 

https://www.psychometrica.de/effect_size.html#transform)
https://automeris.io/WebPlotDigitizer/)


after participant exclusions. For group comparison effects, if sample sizes were not reported 

separately for groups, we assumed an even distribution of the sample (which sometimes resulted in 

a non-discrete value). When effect sizes for multiple measures of aggression (e.g., different 

questionnaires or subscales), multiple raters (e.g., self, parent, teacher), and/or testosterone (e.g., 

different sampling times, different measurement methods: saliva, blood; when participants were 

sober vs intoxicated) could be extracted for the same sample of participants, we used the average 

effect size across the measures or, if the sample size varied across measures because of missing 

data, the weighted mean. The largest n for any given measure, however, was used for calculating 

the effect size’s corresponding sampling variance. Three of the authors (JM, RP, and BMB) 

independently coded the sample sizes, moderator values, and effect sizes. After this initial coding 

was complete, the authors resolved any inconsistencies through discussion. For each study, the 

method for determining the effect size, as well as any relevant notes (e.g., potential deviations and 

reasons for deviation from the above methods) about determination of moderators, are reported in 

the Supplemental Materials.  

Moderator coding 

 Year. The year of the publication was used as a proxy for the year the study was conducted.  

 Sex. Each effect size was coded for whether it was derived from males and/or females. Two 

studies reported effects for samples of men and women combined and did not provide estimates 

within each sex (Kopsida et al., 2016; Scerbo and Kolko, 1994); these samples were excluded from 

the analysis.  

 Age. We extracted the mean age of each sample or, if a range was reported, the midpoint of 

the range. If multiple sample ages were included, we calculated a weighted mean age for the effect 

size. If age was reported for an entire sample, but results reported separately for men and women, 

we used the same age value for both sexes.  

 Offender status. We coded whether the sample included offenders (i.e., was composed of 

either solely offenders or a mix of both offenders and non-offenders) or not. 



 Method of testosterone determination.  We coded whether testosterone was determined 

through saliva alone, or through a method that involved body fluids other than, or in addition to, 

saliva (e.g., urine, blood). 

 Time of testosterone determination. We coded whether the concentrations of testosterone 

were determined, in part, through collection methods involving afternoon times (12:00PM to 

11:59PM) or exclusively morning times (12:00AM to 11:59PM).  

 Measure of aggression. We coded whether the aggression was determined through methods 

involving self-report questionnaires or not (e.g., through laboratory behavioural measures, the 

observations of behaviour, or criminal records indicating behaviour). Note that averages involving a 

self-report measure (in addition to a behavioural or observational measure) were coded as involving 

self-report.  

 Context of study. We coded whether the measures were collected exclusively in the 

laboratory or if some measures were collected outside of the laboratory (e.g., in the field; prison; 

school).  

 Country of study. We coded whether the study was conducted in U.S.A. or Canada versus 

elsewhere. When the country in which the data was collected was not reported, we used the country 

of the corresponding author’s institution. 

 Analysis type. We coded whether the effect size was derived from a between-subject versus 

within-subject/correlational analysis. 

Statistical analyses 

 Data were analysed using the metafor package (version 2.1-0, Viechtbauer, 2010) in R (R 

Core Team, 2017)3. Given that there are likely many different true effect sizes across the different 

populations (men vs women, Canada/USA vs other countries, offender vs non-offenders) and 

 
3 The specific command was summary(model<-rma(ni=[total ns for each effect size], ri=[r value for each effect], 

measure="ZCOR", data=[dataframe name])). For models involving moderators, “mods = ~[first moderator] + [second 

moderator]…” was added to the command. Effects were converted to Fisher’s z scores for analysis (as indicated by 

“ZCOR” in the command) but were transformed back to r values for tables, reporting, and figures. See analysis code in 

Supplementary Materials. 



contexts (e.g., when examined in the afternoon vs morning) examined here, we use random-effects 

modeling. Heterogeneity in effects were assessed using I2 values and Q statistics. I2 values indicate 

the proportion of variability in effect sizes that can be attributed to systematic, between-study 

differences rather than within-study error (Higgins & Thompson, 2002). Q statistics—and their 

associated p values—test whether such between-study difference is significant. 

Given heterogeneity in the effect sizes (the baseline and the change models), we conducted 

separate meta-regressions testing each of the moderators individually (i.e., with the moderator of 

interest entered as the sole predictor in the model). When multiple moderators were identified as 

accounting for significant variability in the effect sizes, we examined the associations between the 

significant moderators; if they shared significant correlations, we ran follow-up meta-regressions in 

which these moderators were entered, as simultaneous predictors, within a single model. Regardless 

of significance, these meta-regression models allow us to estimate the relative and unique 

contribution of each moderator, over and above the influence of the other moderators in the model. 

Dichotomous moderators were coded with a one-unit distance between the two values. To interpret 

significant moderators, we ran follow-up meta-analyses within each of the levels of the moderator. 

For continuous moderators (year of study, age of participants), the model-generated estimates 

represent the change in effect size strength with every increasing year. To identify potential 

publication bias across our analyses, we conducted Egger's test of the regression intercept (Egger, 

Davey Smith, Schneider, & Minder, 1997) and examined normal and counter-enhanced funnel 

plots; when Egger’s tests were significant, we provided additional estimates of the effects after 

adjustments using trim and fill techniques (Duval & Tweedie, 2000). We also estimated selection 

bias using Copas Selection Model Analysis (Copas, 1999; Copas & Shi, 2000, 2001) included in the 

metasens package (Schwarzer, Carpenter & Rücker, 2019), providing adjusted estimates of the 

overall effect size after accounting for potential missing, unpublished studies.   

We also determined whether aggression shares stronger associations with changes in 

testosterone than with baseline concentrations within men and within women. Many studies that 



examined changes in testosterone, however, also reported correlations involving baseline 

testosterone; therefore, to avoid issues of non-independence of effects, we had to exclude these 

baseline effects from (only) these specific analyses comparing baseline and change models. In all 

other analyses involving baseline testosterone, these effects were included. 

Results 

Do baseline levels of testosterone map onto variability in human aggression? 

 Baseline testosterone was weakly but significantly associated with aggression (r = 0.064, 

95% CIs [0.035, 0.094]), although the effects were highly heterogenous (Q117 = 238.047, p < .001, 

I2 = 54.695%) (the distribution of effect sizes was not asymmetrical, Egger’s regression test: z = 

0.570, p = 0.569, and Copas adjusted estimate did not differ). Two influential cases were identified, 

however, which appeared to be particularly strong given the corresponding sample sizes for the 

study (men: r = .36, n = 155; women: r = .41, n = 151, Harris et al., 1996). One potential reason the 

effects were so large from this manuscript is that the authors—unlike for other effect sizes included 

here—used canonical correlations, examining associations between sets of aggression-related 

variables and multiple measures of testosterone, rather than simpler associations between two 

individual variables. After excluding the effects, the association between baseline testosterone and 

aggression became slightly smaller (r = 0.054, 95% CIs [0.028, 0.080]), and effect sizes were less 

heterogeneous (Q115 = 204.211, p < .001, I2 = 37.497%). Heterogeneity was explained by sex, with 

a stronger effect in men (r = .071, 95% CIs [.041, .101]) than women (r = .002, 95% CIs [-.041, 

.044]), publication year (older > newer studies), offender status (offenders > non-offenders), study 

context (outside > inside lab), and—albeit marginally significant—time of hormone determination 

(morning > afternoon samples). See Table 1 for all moderator results and effect size estimates 

within each of the moderators’ corresponding subgroups. Analysis type was also a significant 

moderator (between-subject > within/correlational) but two large effects (r = .66, Burnham, 2007; r 

= .75, Ehrenkranz et al., 1974) appeared to be driving this effect; when these effects were removed, 

analysis type was no longer significant (p = .147) but time of hormone determination became 



slightly stronger (p = .045). Within the subgroups, the asymmetry in the distribution of effect sizes 

was minimal and non-significant (Egger’s regression tests: ps > .120; see Supplementary Materials 

for funnel plots), and there was minimal evidence of selection bias (Copas adjusted estimates did 

not differ from those provided in Table 1). 

Some of the moderators were correlated; for example, older studies were more likely to 

involve offender samples (r = .302), and both older studies and studies involving offender samples 

more likely to use morning testosterone sampling (rs > .280) and to collect data outside of the 

laboratory (e.g., in the field, rs > .280) (ps < .007). Therefore, we examined these correlated 

moderators as simultaneous predictors in a meta-regression model, allowing for the determination 

of each variable’s unique contribution to explaining variability in effect sizes (sex was not included 

in this meta-regression given it was not correlated with any of the other significant moderators, rs < 

.14).  In this meta-regression model, the only moderator that persisted was offender status (samples 

involving > not involving offenders) (see Table 1 for full results), suggesting that it largely carried 

the effects of the other moderators. 

Are acute changes in testosterone associated with variability in human aggression? 

 Change in testosterone was positively correlated with aggression (r = 0.108, 95% CIs 

[0.041, 0.174]), although the effects were heterogenous (Q30 = 50.209, p = 0.012, I2 = 32.903%). 

The distribution of effect sizes was not asymmetrical (Egger’s regression test: z = 1.551, p = 0.121) 

and Copas adjusted estimate did not substantially differ (r = .107), providing limited evidence of 

publication/selection bias. This heterogeneity was explained by sex (men: r = 0.162, 95% CIs 

[0.076, 0.246]; women: r = 0.010, 95% CIs [-0.090, 0.109]). Publication year was also a significant 

moderator but appeared driven by a single effect size (with Klinesmith et al., 2006 removed, p = 

0.372)4.  See Table 2 for all moderator results. The distribution of effect sizes in men was 

asymmetrical (Egger’s regression test: z = 2.791, p = 0.005); trim and fill (r = 0.151, 95% CIs 

 
4 Aside from this moderation involving year, the removal of this effect (Klinesmith et al., 2006) did not change the 

pattern of results reported here. 



[0.063, 0.233]) and Copas Selection Analysis (r = 0.120, 95% CIs [0.044, 0.195]) produced lower 

estimates. The distribution of effect sizes in women was not asymmetrical (Egger’s regression test: 

z = -1.102, p = 0.271) and Copas adjusted estimate did not substantially differ (r = .012). See 

Supplementary Materials for funnel plots.  

Is the association between changes in testosterone and aggression stronger than that between 

baseline testosterone and aggression in men and/or women?  

Within men, the association involving changes in testosterone was somewhat stronger 

(though not significantly) than the association involving baseline testosterone (estimate = 0.064, 

95% CIs [-0.018, 0.145], z = 1.538, p = 0.124, k = 91, n = 12983). Within women, the strength of 

these associations did not differ (estimate = 0.007, 95% CIs [-0.102, 0.117], z = 0.130, p = 0.897, k 

= 31, n = 2192). See Figure 1. 

Does administration of testosterone increase human aggression? 

 Testosterone administration did not have an overall effect on aggression (r = 0.046, 95% CIs 

-0.015, 0.108]) and there was little, systematic, between-study difference in the effect sizes (Q12 = 

4.667, p = 0.968) (the distribution of effect sizes was not asymmetrical, Egger’s regression test: z = 

0.262, p = 0.793, Copas adjusted estimate did not differ). We nevertheless explored the moderator 

variables and the effect within men and women separately (see Table 3 for all moderator results). 

Within men (r = 0.055, 95% CIs [-0.013, 0.122]), the asymmetry in the distribution of effect sizes 

was minimal and non-significant (Egger’s regression tests: p = .983; Copas adjusted estimate did 

not differ), suggesting limited evidence of publication bias. There were only two effect sizes in 

women (r = 0.012, 95% CIs [-0.140, 0.163]) and thus Egger’s test and Copas Selection Model 

Analysis was not performed; see Supplementary Materials for funnel plots). 

Discussion 

Results from this updated meta-analysis are consistent with a prior meta-analysis (Archer et 

al., 2005) indicating that baseline testosterone concentrations are positively (yet weakly) correlated 

indices of human aggressive behaviour. In addition, we provide the first meta-analytic estimate 



indicating that context-dependent changes in testosterone concentrations are positively correlated 

with aggressive behaviour. Baseline and context-dependent changes in testosterone showed 

positive, yet relatively weak associations with aggression in males. In contrast, baseline and 

context-dependent changes in testosterone were unrelated to aggression in females. Despite positive 

associations between endogenous testosterone and aggression in men, we found no support for an 

effect of exogenous testosterone on aggressive behaviour.  

 Baseline testosterone and human aggression 

The magnitude of the point estimate for the relationship between baseline testosterone and 

aggression was relatively small (r = .054) and very similar to that previously reported (r = .08: 

Archer et al., 2005). Archer et al. (2005) reported that the association between baseline testosterone 

and aggression was stronger in female (r = .13) than in male samples (r = .08). In the current meta-

analysis, we found an opposite pattern whereby the correlation between baseline testosterone 

concentrations and aggression was significant in male (r = .071) but not female samples (r = .002). 

The association that we observed for males was remarkably similar to the point estimate reported by 

Archer et al. (2005), despite the current meta-analysis having nearly 2.5 times more effect sizes. In 

contrast, the correlation between baseline testosterone and female aggression was virtually non-

existent in the current meta-analysis. It is worth noting that the earlier meta-analysis included a 

relatively small number of effect sizes for females (k = 8 studies, n = 534). The point estimate was r 

= .13, with the confidence interval suggesting that the effect size is anywhere from small (lower 

bound estimate, r = .065) to medium (upper bound estimate, r = .191) in magnitude. In the present 

meta-analysis, we were able to include a much larger number of effect sizes for females (k = 30 

studies, n = 2,334), and results indicated that if there is a relationship between baseline testosterone 

and female aggression, it is very weak. If we optimistically estimate that the true relationship 

between baseline testosterone and female aggression is r = .044 (upper bound of confidence 

interval), a sample size of n = 3192 would be needed to have 80% power to detect this effect. 

Similarly, if we optimistically estimate that the relationship between baseline testosterone and male 



aggression is r = .101 (upper bound of confidence interval), a sample size of n = 604 would be 

needed to have 80% power to detect this effect. The average sample size associated with the effect 

sizes included in this meta-analysis is n = 117 (note that when removing the largest sample size 

[Mazur & Booth, 2014], the average sample size decreases to n = 87). Therefore, previous research 

examining the relationship between baseline testosterone and human aggression is clearly 

underpowered to detect relatively small correlations revealed in the current meta-analysis.  

Acute testosterone changes and aggressive behaviour 

An important finding from behavioural endocrinology is that testosterone levels are not 

static, but rather fluctuate in the context of social interactions involving mating, competitive, and 

aggressive interactions (Wingfield et al., 1990; Archer, 2006). These findings have prompted some 

researchers to suggest that short-term changes in testosterone concentrations may be more relevant 

to individual differences in mating effort (including aggression) than baseline levels of testosterone 

(McGlothlin et al., 2007). Experimental work in some non-human animal models (e.g., mice, fish, 

birds) has found support for the idea that acute elevations in testosterone positively modulate 

competitive and aggressive behaviour (e.g., Trainor et al., 2004; Fuxjager et al., 2010; McGlothlin 

et al., 2007). In the past decade, several studies conducted with human participants have also found 

evidence that acute changes in testosterone during competitive interactions positively correlate with 

ongoing and/or future aggressive behaviour (see Carré & Olmstead, 2015; Geniole & Carré, 2018). 

In the current meta-analysis, acute changes in testosterone were indeed positively correlated with 

aggressive behaviour (r = .108), with this relationship being moderated by sex. Specifically, the 

effect was significant in male (r = .16), but not female samples (r = .01). Although the association 

between change in testosterone and male aggression was more than twice the magnitude of the 

association between baseline testosterone and male aggression, this difference was not statistically 

significant (p = .124).  

If we optimistically estimate that the true relationship between change in testosterone and 

male aggression is r = .246 (upper bound of confidence interval), a sample size of n = 100 would be 



needed to have 80% power to detect this effect. The average sample size for the studies in the meta-

analysis involving change in testosterone in men is n = 47. Therefore, similar to research on 

baseline testosterone concentrations, research examining the relationship between changes in 

testosterone and male aggression has been underpowered to detect relatively small-to-moderate 

correlations revealed in the current meta-analysis. 

Exogenous testosterone and aggressive behaviour 

 Classic research in behavioural endocrinology, often using castration-replacement 

paradigms, clearly indicates that testosterone plays a role in modulating aggressive behaviour in 

many, though not all, species throughout vertebrates (see Nelson & Trainor, 2007). One major 

limitation of research examining associations between endogenous testosterone (baseline and 

changes) and aggressive behaviour in humans is that it is correlational—leaving open the question 

as to whether testosterone plays a causal role in promoting aggression. To firmly establish causation 

requires an experimental approach in which testosterone concentrations are directly manipulated 

prior to the assessment of aggressive behaviour using either self-report and/or behavioural 

measures. Just over a dozen studies have directly examined effects of exogenous testosterone on 

self-report and behavioural indices of human aggression. Here, we find no evidence for an effect of 

exogenous testosterone on human aggression (r = .046). However, it should be noted that the 

studies examined were highly heterogenous in terms of route of administration (injectable, 

transdermal, intranasal), dose used (supraphysiological vs. physiological), length of administration 

(single dose vs. chronic dosing), timing of behavioural assessment (shortly after dosing vs. several 

hours after dosing), and sex composition of the sample. All of these factors may influence the 

magnitude of the effect of testosterone on aggressive behaviour. However, there are too few studies 

(k = 14) to meaningfully examine the role of these factors in modulating the effect of exogenous 

testosterone on aggression.  

 

 



Limitations 

 Although the current meta-analysis provides an updated estimate of the relationship between 

testosterone and human aggression, there are some limitations that need to be highlighted. First, we 

did not include effect sizes from unpublished studies, and thus, the effect size estimates provided 

here may represent an overestimate of the effect size the relationship between testosterone 

(baseline, changes, and exogenous) and human aggression. Although examination of the funnel 

plots and Copas Selection Model Analysis did not provide compelling evidence for publication bias 

(with the exception of change in testosterone for men), we cannot exclude the possibility that null 

findings were under-represented in our meta-analysis due to publication bias.  

The current meta-analysis is the first to examine associations between context-dependent 

changes in testosterone, exogenous testosterone and human aggression. A limitation of analyses 

involving testosterone dynamics is that the number of effect sizes reported (change in testosterone, 

k = 31; exogenous testosterone, k = 14) was relatively small, and thus, more work (with well-

powered studies) examining associations between testosterone dynamics and aggression will be 

needed.   

Another limitation of this meta-analysis is that there was substantial heterogeneity in the 

measurement of aggression across the published studies. Although we coded for whether the studies 

involved behavioural or self-report measures, there was substantial variability even within 

behavioural and self-report measures. In light of the different forms of aggression (e.g., reactive vs. 

proactive; direct vs. indirect), future research may wish to examine the extent to which 

testosterone’s association with aggression depends upon the form of aggression measured. Indeed, 

one study directly manipulated whether the aggression task elicited provocation or not and found 

that the association between changes in testosterone and aggression was strongest in the context of a 

provocative (r = .16) versus a non-provocative (r = .04) situation (see Carré et al., 2010).  

Future Directions 

Psychological, Genetic, and Contextual Moderators of the testosterone-aggression association 



Results from the current meta-analysis suggest that the association between testosterone 

(basal and reactivity) and human aggression is relatively weak. A number of recent studies have 

investigated the extent to which social context and/or personality traits moderate the relationship 

between testosterone and human aggression (see Carré & Archer, 2018 for review). It is beyond the 

scope of this paper to provide an extensive review of all contextual and personality moderators – 

however, we will briefly discuss trait dominance, impulsivity, and self-construal as they have been 

shown across both correlational and experimental studies to moderate associations between 

testosterone and outcomes conceptually linked to aggression. For instance, earlier correlational 

work found that baseline testosterone concentrations positively predicted dominance-related 

behaviour during a mating competition, but only among men scoring relatively high in trait 

dominance (Slatcher et al., 2011). Further, acute changes in testosterone in response to a 

competitive victory positively correlated with subsequent aggression, but only for men scoring 

relatively high in trait dominance (Carré et al., 2009). Going beyond correlational work, a single 

dose of testosterone increased competitive motivation after a victory, but only among women 

scoring relatively high in trait dominance (Mehta et al., 2015). Finally, a single dose of testosterone 

increased aggressive behaviour, but only among men scoring relatively high in trait dominance 

(Carré et al., 2017).  Our research has also led us to examine the moderating role of self-construal – 

which assesses the degree to which individuals construe the self in relation to others (Markus & 

Kitayama, 1991). Independent people tend to view the self as independent of others, whereas 

interdependent people tend to view themselves as interconnected with others. Across two studies, 

acute changes in testosterone during a competitive interaction positively predicted subsequent 

aggressive behaviour, but only among men with independent self-construals (Welker et al., 2017). 

Lending more support to the moderating effect of self-construal was a recent experimental study 

demonstrating that administration of testosterone increased aggressive behaviour, but only for men 

scoring relatively high in independent self-construal (Geniole et al., 2019). Finally, we have also 

investigated the extent to which impulsivity moderates the effect of testosterone on human 



aggression. Specifically, across two pharmacological challenge experiments, we found that 

testosterone’s potentiating effects on aggressive behaviour occurred exclusively among relatively 

impulsive men (Carré et al., 2017; Geniole et al., 2019). The finding that impulsivity moderates the 

effect of testosterone on human aggression is interesting in light of the current meta-analysis 

indicating that the association baseline testosterone and aggression was strongest among 

offenders—a group of individuals characterized by relatively high scores on indices of impulsivity 

(e.g., Arantes et al., 2013). Collectively, these results indicate that the personality traits of 

dominance, impulsivity, and self-construal are important variables to consider when examining 

associations between testosterone and human aggression. 

In addition to personality traits, other work has focused on whether a polymorphism of the 

androgen receptor gene may influence the degree to which testosterone modulates physiological and 

behavioural processes relevant to human aggression. One functional polymorphism is the number of 

cytosine-adenine-guanine (CAG) repeats in exon 1 of the androgen receptor (AR) gene. Each triplet 

encodes the amino acid glutamine such that a greater number of CAG repeats leads to the 

production of androgen receptors with longer stretches of glutamine in the N-terminal domain. The 

functionality of this polymorphism has been confirmed in vitro whereby experimentally increasing 

the number of CAG repeats within the AR gene reduces the receptor’s transcriptional potential 

(Chamberlain, Driver, & Miesfeldi, 1994). Furthermore, in vivo work indicates that endogenous 

testosterone concentrations positively modulate threat-related amygdala function (Manuck et al., 

2010) and self-reported aggressive behaviour (Vermeersch et al., 2010)—but only among men with 

relatively fewer CAG repeats within the AR gene.  We have confirmed this pattern of findings in a 

recent pharmacological challenge study (n = 306) whereby exogenous testosterone increased 

aggressive behaviour – but only among men with relatively fewer CAG repeats on the AR gene 

(Geniole et al., 2019). Moreover, we found that previously reported testosterone X personality 

interactions (i.e., testosterone X trait dominance; testosterone X impulsivity; see Carré et al., 2017) 

were stronger among men with fewer (vs more) CAG repeats on the AR gene (Geniole et al., 2019).  



In addition to personality traits and AR genotype, some work suggests that social context 

may influence the degree to which testosterone reactivity to social interactions predict male 

aggression. Broadly speaking (and without a large enough sample size to perform formal 

moderation analyses), associations between testosterone responses to social interactions and 

aggression (or dominance-related outcomes) appear strongest among losers versus winners of 

competitions (Carré et al., 2009; Metha & Josephs, 2006; Mehta et al., 2015) and for people who 

have been provoked versus unprovoked (Carré et al., 2010). The contextual moderators may share a 

common feature—specifically, increased threat to one’s social status.  

Testing causal mechanisms in both male and female samples 

 Until approximately 10 years ago (see Zak et al., 2009), single dose testosterone 

administration studies were conducted almost exclusively in female samples (see Bos et al., 2012 

for review). In the past decade, pharmacological challenge probes involving single dose transdermal 

(Eisenegger et al., 2013), injectable (Dreher et al., 2016), and intranasal (Geniole et al., 2019) 

testosterone have been developed for use in healthy young males. Nevertheless, more work is 

needed comparing the effects of testosterone administration to both men and women within the 

same study design. Importantly, however, such a design should also adjust dosing such that 

increases in men and women are of a similar percentage, relative to their sex-specific baseline 

concentrations. Currently, for example, most work in women utilizes sublingual testosterone (0.5 

mg) administration, resulting in concentrations 2,000% above baseline (van Rooij et al., 2012) 

whereas recent single-dose studies in men have boosted concentrations 50-100% above baseline 

(Eisenegger et al., 2013; Carré et al., 2017; Geniole et al., 2019). Thus, a direct comparison of the 

effects of testosterone on male and female aggression should consider using pharmacological 

challenge protocols that yield a similar proportional rise in testosterone, otherwise sex-specific 

effects may be obscured or confounded by relative dose-dependent effects [such as those discovered 

with oxytocin, where moderate (relative to low or high) doses more strongly reduce amygdala 

reactivity to fear-related stimuli in men (Spengler et al., 2017)]. Therefore, consideration of dosing 



and the design of challenge protocols that produce similar proportional rises in testosterone in males 

and females should be considered when examining potential sex-dependent effects of testosterone 

on human aggression.   

Conclusion 

 In summary, our updated meta-analysis on the association between testosterone and human 

aggression reveals that associations between endogenous testosterone and aggressive behaviour are 

relatively weak and moderated by sex (baseline and acute changes) and offender status (baseline 

testosterone). Results from exogenous testosterone administration work did not provide compelling 

evidence for a causal role of testosterone in promoting aggression. However, the latter findings are 

limited by the substantial heterogeneity in methods used in testosterone manipulation studies. An 

important “take home message” from this meta-analysis is that relationships between testosterone 

and human aggression are relatively weak, and thus, more well-powered samples will be needed to 

provide sufficient statistical power to detect such small effects. In addition, more research will be 

needed that examines contextual and psychological moderators of the relationship between 

testosterone and aggression. Correlational and experimental research has yielded some evidence for 

moderator effects (e.g., trait dominance, impulsivity, self-construal; see Slatcher et al., 2011; Carré 

et al., 2009; Carré et al., 2017; Welker et al., 2017; Geniole et al., 2019). Such effects need to be 

independently replicated using large sample sizes to further our understanding of the degree to 

which such factors play a role in determining the people for whom, and circumstances under which, 

testosterone ultimately modulates human aggressive behaviour.  
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Tables 

Table 1. Results of the meta-analysis and the moderator analyses (both when moderators were examined individually, and simultaneously 

in meta-regression) on the relationship between baseline testosterone and aggression. 

Model/Predictor Estimatea CI lower CI upper z p k n 

Overall Association 0.054 0.028 0.080 4.102 <.001 116 15198 

Moderator analyses         

Sex of Sample 0.071 0.011 0.131 2.322 .020 116 15198 

Males 0.071 0.041 0.101 4.576 <.001 87 12986 

Females 0.002 -0.041 0.044 0.081 .936 29 2212 

Offender Status of Sample  0.141 0.080 0.200 4.539 <.001 116 15198 

samples involving (exclusively or, in part) offenders 0.173 0.126 0.219 7.161 <.001 18 1733 

samples not involving offenders 0.032 0.006 0.057 2.444 .015 98 13465 

Context of study 0.079 0.016 0.141 2.454 .014 116 15198 

measures collected exclusively in the lab 0.040 0.013 0.066 2.966 .003 94 13240 

measures collected (exclusively or, in part) outside of the lab 0.116 0.046 0.185 3.242 .001 22 1958 

Time of Hormone Determination  -0.049 -0.099 0.002 -1.879 .060 112 15010 

samples collected in the morning 0.077 0.039 0.114 4.003 <.001 56 10534 

samples collected (exclusively or, in part) in the afternoon 0.026 -0.005 0.057 1.628 .104 56 4476 

Analysis Type (between-subject/group comparison > within/correlational)b 0.134 0.041 0.226 2.802 .005 116 15198 

Publication Year -0.004 -0.006 -0.001 -3.251 .001 116 15198 

Mean Age of Sample 0.000 -0.002 0.003 0.377 .706 110 14721 

Testosterone Determination Method (involving < not involving saliva) -0.046 -0.102 0.009 -1.640 .101 116 15198 

Measure of aggression (involving < not involving self-report) -0.033 -0.085 0.019 -1.241 .215 116 15198 

Country of study (Canada/USA < other) -0.014 -0.068 0.041 -0.496 .620 116 15198 

Relative contribution of moderators when entered as simultaneous predictors in 

a meta-regressionc 

       

Intercept 0.057 0.033 0.080 4.618 <.001 112 15010 

Publication Year -0.002 -0.004 0.001 -1.346 0.178 112 15010 

Offender Status of Sample (involving > not involving offenders) 0.110 0.036 0.184 2.899 0.004 112 15010 

Time of Hormone Determination (involving < not involving afternoon) -0.011 -0.063 0.041 -0.424 0.671 112 15010 

Context of Study (outside > within laboratory) 0.023 -0.049 0.094 0.618 0.537 112 15010 

Notes. aModerators were coded such that estimates indicate the difference in the strength of the association between testosterone and aggression 

with 1 year change (for Publication Year and Mean Age of the Sample) or between the two moderator levels, within the context of the statistical 



model. bNote that this effect was driven by two effect sizes (when these effects were removed, p = .147; see Results section). cNote that moderators 

were centred for meta-regression and thus the intercept represents the effect size when each of the moderators are at their mean or—in the case of 

dichotomous moderators—the average of the two subgroups.  



Table 2. Results of the meta-analysis and the moderator analyses on the relationship between change in testosterone and aggression. 

Model/Predictor Estimatea CI lower CI upper z p k n 

Overall Association 0.108 0.041 0.174 3.168 0.002 31 1463 

Moderator analyses        

Sex of the Sample 0.154 0.012 0.290 2.128 0.033 31 1463 

Malesb 0.162 0.076 0.246 3.661 <.001 21 994 

Females 0.010 -0.090 0.109 0.188 0.851 10 469 

Country of study 0.141 -0.030 0.304 1.619 0.106 31 1463 

Publication Yearc -0.025 -0.049 -0.001 -2.058 0.040 31 1463 

Mean Age of the Sample 0.010 -0.030 0.050 0.489 0.625 31 1463 

Time of Hormone Determination (afternoon < morning)d -0.219 -0.497 0.101 -1.347 0.178 31 1463 

Measure of aggression (involving > not involving self-report) 0.017 -0.301 0.331 0.099 0.921 31 1463 

Notes. There was not enough variability across studies to examine Testosterone Determination Method, Context of Study, Offender Status. 
aModerators were coded such that estimates indicate the difference in the strength of the association between testosterone and aggression with 1 year 

change (for Publication Year and Mean Age of the Sample) or between the two moderator levels, within the context of the statistical model. bThis 

distribution of effect sizes was not symmetrical (Egger’s regression test: z = 2.791, p = 0.005); trim and fill analysis and Copas Selection Model 

Analysis produced smaller estimates (see Results section).  cThis marginal effect of Publication Year appeared to be driven by one effect size 

(Klinesmith et al., 2006); after its removed, Publication Year became much weaker and was no longer a significant moderator (z = -0.894, p = .372). 
dAlthough the estimate for this moderator suggests a much larger association in studies using exclusively morning sampling of testosterone, there 

was only one such study involving exclusively morning sampling (Carré et al., 2014) included in this meta-analysis of change in testosterone, 

explaining the wide confidence intervals for this estimate. 

  



Table 3. Results of the meta-analysis and the moderator analyses on the effects of testosterone administration on aggression. 

Model/Predictor Estimatea CI lower CI upper z p k n 

Overall Effect 0.046 -0.015 0.108 1.476 0.140 13 1051 

Moderator analyses        

Sex of the Sample 0.045 -0.114 0.203 0.556 0.578 13 1051 

Males  0.055 -0.013 0.122 1.572 0.116 11 862 

Females 0.012 -0.140 0.163 0.151 0.880 2 189 

Country of study 0.076 -0.047 0.197 1.210 0.226 13 1051 

Publication Year -0.001 -0.011 0.009 -0.200 0.842 13 1051 

Mean Age of the Sample -0.002 -0.008 0.003 -0.862 0.389 13 1051 

Measure of aggression (involving < not involving self-report) 0.063 -0.132 0.253 0.634 0.526 13 1051 

Study design (between < within-subject manipulations) -0.025 -0.221 0.173 -0.243 0.808 13 1051 

Notes. There was not enough variability across studies or it was not meaningful to examine Testosterone Determination Method, Time of Hormone 

Determination, Context of Study, Offender Status.  aModerators were coded such that estimates indicate the difference in the strength of the 

association between testosterone and aggression with 1 year change (for Publication Year and Mean Age of the Sample) or between the two 

moderator levels, within the context of the statistical model.  

 

  



Figure Legends 

 

Figure 1. Bar graph showing the effect size (r) for the relationship between baseline testosterone and aggression, change in testosterone and 

aggression, and the effect of exogenous testosterone (vs placebo) on aggression, as a function of sex.  
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