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Abstract
Popular perceptions of the effect of testosterone on “manly” behavior are inaccurate. We 
need to move away from such simplistic notions by treating testosterone as one component 
along with other physiological, psychological and sociological variables in interactive and 
reciprocal models of behavior. Several hormones can now be measured in saliva, removing 
the need for blood samples. Conceptual shifts have moved research from biological 
determinism to biosocial models in which the social environment plays a key role in 
understanding behavior-hormones associations. As a result, more social scientists are 
incorporating testosterone in their studies. Following a primer on testosterone, we describe 
testosterone’s link to (a) gaining, maintaining and losing social status, (b) aggression and 
antisocial behavior, (c) peer and family relationships, and (d) gender similarities and 
differences. Research needed to take us to the next level of understanding is outlined.  

“Testosterone poisoning,” now part of the language, is a popular explanation for 
excessive “manly” behaviors such as boasting, violence and pugnaciousness. 
Middle-aged and older men think sagging libido and fatigue stem from their 
declining testosterone. 

In fact, there is little empirical support for these popular assertions. We cannot 
say that they are all false because research literature is not conclusive. But it is 
already clear that there is no simple one-to-one relationship between testosterone 
and machoism or aggressiveness or sexuality (Mazur and Booth 1998). It seems 
wiser to view testosterone as one component in a confluence of interacting 
physiological, psychological and social influences that affect behavior.  

The focus of this research is variables of interest to sociologists. Gaining, 
maintaining and losing status is a theme found in a great deal of sociological 
research. Many testosterone studies have focused on status change under the 
rubric of competition. Sociologists who focus on deviance and social integration 
will be interested in testosterone studies that focus on problem behavior, and 
the nature and quality of peer and family relations. Those who work in the area of 
health and social behavior will find studies of testosterone’s link to depression. 
Those who study gendered behavior will be interested in the differences and 
symmetries in the links between testosterone and social behavior for males and 
females. Finally, sociologists will be interested to learn that the social environment 
has a key role in defining testosterone-behavioral links.

This article is dedicated to the memory of James M. Dabbs, a pioneer in the fi eld of testos-
terone research who greatly enriched our knowledge methodologically and substantively. 
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Following a primer on testosterone, we review the reciprocal linkage 
between testosterone and competition, deviant or norm-breaking behavior, and 
depression. We then take up the hormone’s role in peer and family relationships 
and gendered behavior. Throughout, we stress the need for reciprocal biosocial 
models that take account of psychological variables and social influences. Finally, 
we suggest promising avenues for future research.

Primer on Testosterone

Hormones are chemical messengers that regulate, integrate and control 
bodily functions. The endocrine system produces several hundred hormones 
in response to nerve and chemical signals and to perceptual cues, which 
interact with each other and with the nervous system. Hormones regulate 
short-term processes, such as the nearly immediate responses to an external 
threat, and longer-term processes, such as sex differentiation, maturation and 
reproduction. Males produce testosterone mainly in the Leydig cells of the 
testes. Women also produce testosterone, but in smaller amounts, by converting 
dehydroepiandrosterone (DHEA) produced in the adrenal glands. Testosterone 
is one of several androgenic hormones, so called because they produce male 
characteristics. Baseline testosterone has fairly high heritability. The majority of 
estimates are between 50 percent and 70 percent with a mean of 60 percent 
(e.g., Gagnon et al. 2001; Harris and Vernon et al. 1998).

The human fetus, whether genetically male (XY) or female (XX), is otherwise 
sexually undifferentiated in the first weeks of life. Testosterone secreted by newly 
forming testes of an XY fetus causes its body and brain to become masculinized. 
Lacking testosterone, a fetus develops as a female and when born looks like a 
female infant. XY fetuses that abnormally fail to produce testosterone may be 
mistaken for girls at birth. Research on non-humans convincingly shows that 
genetic females exhibit male features if exposed to high testosterone in utero and 
genetic males show female features if deprived of the hormone (Breedlove 1992).  

During the preschool and early elementary school years testosterone levels 
are low in boys and girls. During adolescence testosterone production surges, on 
average 10-fold in males and two- or three-fold in females (see Figure 1). These 
changes are implicated in the emergence of secondary sexual characteristics that 
include ripening sexual apparatus, male musculature, body hair and deepening 
voice. Fully adequate male sexual behavior requires a minimal amount of 
testosterone, but beyond that, variations in hormone level are not reliably related 
to sexuality (or to homosexuality).

Testosterone levels reach a peak in young adult males. Men who maintain a 
constant body weight also maintain their testosterone levels as they age. More 
typically in American society, men add weight and lose testosterone as they 
grow older. Older men often maintain age-appropriate sexual behavior (assuming 
good health and partner availability) even at very low testosterone levels. If male 
testosterone is exceedingly low, therapeutic testosterone supplementation can 
improve sexuality, increase muscle mass and reduce body fat.
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Much of our knowledge is based on studies of men and boys because 
males produce far more testosterone than females, so the hormone is easier to 
measure. Also, the hormone’s effects are clearer in males than females. We will 
review the gender consistencies and inconsistencies in behavior-testosterone 
research in a subsequent section. 

After childhood, testosterone is diurnal, being highest in the morning and 
declining across the afternoon and evening. Possibly diurnal variation is related 
to patterns of problem or psychopathological behavior (Granger, Shirtcliff, 
Zahn-Waxler, Usher, Klimes-Dougan and Hastings 2003). Controlling for diurnal 
variation, testosterone levels are highly correlated within individuals across 
hours, days and years (Granger, Shirtcliff, Booth, Kivlighan and Schwartz 2004). 
This fact has led many investigators to assume that testosterone level is a trait 
that explains differences between individuals with respect to aggression and 
violence. However, there is little empirical support for this position. 

During the past two decades, the improving ability to measure testosterone 
in saliva (rather than requiring blood samples) has created opportunities to test 
biosocial models in naturalistic settings (Dabbs 1993; Granger, Schwartz, Booth, 
Curran and Zakaria, 1999; but see Granger et al. 2004).

A series of conceptual shifts has placed new emphasis on the contributions 
of both nature and nurture to individual development (Magnusson and Cairns 
1996; Plomin and Rutter 1998; Rutter et al. 1997). Leading this paradigm shift 
are social scientists who are testing “biosocial” alternatives to traditional models 
of individual differences and intra-individual change in behavior (e.g., Booth, 
Johnson, Granger, Crouter and McHale, 2003; Foshee et al., forthcoming; Udry 

Figure 1. Testosterone by Age and Sex
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1988). Individual differences in behavior are considered to be interactive products 
of genetic, environmental and physiological processes over time (Cicchetti and 
Dawson 2002). 

The nature of the link between testosterone and behavior is not simply a 
biological “cause-and-effect” mechanism. It is better described as a bi-directional 
relationship that is highly dependent on intrinsic individual differences in social 
perception, previous experience and propensity for specific behavior, as well as 
the demand or “press” of the social context for particular behaviors (Sapolsky 
1997). We do not assume that testosterone is a mechanism in and of itself that 
causes or creates behavior. Instead, we assume that testosterone increases 
the likelihood that certain behaviors will be expressed, if the propensity for 
that behavior already exists, and the expression of that behavior is consistent 
with social contextual demands. Characteristics of the social landscape permit, 
stimulate, suppress or set the stage for the expression of specific testosterone-
behavior relationships.

One important aspect of the social landscape that affects testosterone 
production is stress. A number of studies have shown that extended periods 
of stress suppress testosterone production. For example, testosterone levels 
were low during the early (and degrading) weeks in Officer Candidate School, 
but returned to normal just before graduation, a time when achievements are 
recognized (Kreuz, Rose and Jennings 1972). Testosterone also drops right after 
incarceration (Thompson, Dabbs and Frady 1990). Soon after the Americans who 
had been held hostage at the American Embassy in Iran were freed, testosterone 
increased as a result of their newly gained status as free individuals (Rahe, Karson, 
Howard, Fubin and Poland 1990). Research indicates that elevations in cortisol 
(a stress hormone) lower testosterone, and declines in cortisol are followed by 
a rise in testosterone. Research focused on behavior-testosterone associations 
should incorporate environmental sources of stress as a potentially important 
player in such studies. 

Testosterone, Dominance, Aggression and Related Behaviors

The word most often associated with testosterone in everyday parlance is 
aggression. Although in some species (e.g., rats) higher testosterone is associated 
with aggression in everyday encounters (Monaghan and Glickman 1992), in 
humans (and other primates) higher testosterone is association with the type of 
dominance that sometimes entails aggression. In our view, aggression is behavior 
intended to inflict physical injury on another individual. Dominance is behavior 
intended to gain or maintain status. Status confers influence, power or valued 
resources (Mazur and Booth 1998). The vast majority of dominance episodes do 
not involve the intent to physically harm others. Furthermore, testosterone levels 
associated with dominance behavior that entails the intent to injure others appear 
to be no higher than testosterone levels associated with dominance behavior that 
does not entail physical harm. For example, there is no significant difference in 
the testosterone levels of socially dominant but non-aggressive prisoners and of 
aggressive prisoners (Ehrenkranz, Bliss and Sheard 1974).
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Studies used as evidence that higher testosterone associated with pubertal 
development is linked to aggression in youth are not clear cut. Two studies by 
Olweus and his colleagues (1980, 1988) and another by Mattsson, Schalling, 
Olweus, Low and Svensson (1980) are often interpreted as evidence of a 
testosterone-aggression link. But their data do not support such a conclusion. 
A comparison of samples of institutionalized delinquent boys and non-
delinquent high school students revealed that testosterone was slightly higher 
in the delinquent sample, but the difference was not statistically significant. The 
delinquent sample of youth who were incarcerated for violent crimes had slightly 
higher testosterone levels than those institutionalized for non-violent offenses, 
but again the difference was not statistically significant. Staff and professional 
evaluations of aggressiveness were also unrelated to testosterone levels. 

Testosterone-related differences in aggression in the non-delinquent sample 
were studied as well. None were statistically significant. The only difference 
manifested was that adolescents with higher testosterone were more likely to 
respond more vigorously in response to challenges from teachers and peers. 
The vigorous response finding is consistent with our assertion that testosterone 
is linked with aggression only when it is part of dominance behavior. 

Another study pertinent to the link among testosterone, dominance and 
aggression is a longitudinal study of boys investigated when they entered 
kindergarten and thereafter until 13 years of age (Tremblay, Schaal, Boulerice, 
Arseneauth, Sousssignan and Perusse 1998; Tremblay, Schaal, Boulerice, 
Arseneault, Soussignan, Paquette and Laurent 1998; Tremblay 2000). Using 
measures that incorporated self, peer and teacher ratings, Tremblay and his 
colleagues discovered that testosterone levels at the start of puberty were linked 
to social dominance a year later but not to physical aggression. Dominance was 
not related to current aggression or aggression over the previous three years. 
On the other hand, body mass was a predictor of physical aggression. The 
extant research suggests that the rise in testosterone associated with pubertal 
development does not lead directly to aggressive behavior.  

Another term often associated with testosterone is antisocial behavior. We 
view this as another form of dominance behavior that occurs in settings where 
authority figures require behavior to conform closely to rigid standards such 
as in schools, prisons, the military and sometimes families. Individuals who 
are predisposed to dominate behavior but hold subordinate positions in such 
organizations are likely to break the rules in order to prevail over the constraining 
environment. Udry and colleagues observed an association between norm-
violating behavior and testosterone (Udry 1988, 1990). Much of such behavior is 
expressed through vandalism and status violations rather than aggression (Rutter, 
Giller and Hagell 1998). Such rebellious behavior is termed antisocial behavior by 
those in authority and those who study such behavior.

In addition to aggression and antisocial acts, two other types of behavior 
are often associated with testosterone. One is risky behavior, and the other is 
initiative. Both are important in achieving and maintaining status. Risk-taking 
behavior refers to acts that at the same time increase the chances of success and
the odds of failure in maintaining or increasing status. Daltzman and Zuckerman 
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(1980) were among the first to observe a link between sensation seeking and 
testosterone. Recent studies have linked testosterone-related risk behavior to 
health deficits (Booth et al. 1999a).

Initiative is less often associated with the testosterone-dominance link, but is 
an important factor in understanding testosterone-dominance links. A dominate 
act requires initiative to challenge someone else’s status or to protect one’s own 
status. As the same time a testosterone-related initiative is necessary to build 
friendship networks, marriages and other close relationships where dominance 
behavior occurs less often, but is still crucial to the operation of the group. 

Although research provides considerable evidence that testosterone is 
associated with dominant behavior, correlation does not prove causation. If 
the administration of testosterone was followed by an increase in dominant 
behavior, we would have a stronger case for asserting a causal relationship. 
Two experiments support the idea that the link is causal. In one study with a 
double-blind, randomized, crossover design, young men were given doses of 
testosterone or a placebo. Subjects were paired with a fictitious subject and told 
that each member of the pair could, by pushing a button, reduce the cash flowing 
to the other member. The subject was told that the other individual was reducing 
the cash that was flowing to the subject. Subjects receiving testosterone rather 
than the placebo pushed the button significantly more times (Kouri, Lukas, Pope 
and Oliva 1995). A second study with the same design was conducted with 
men aged 20 to 50 years (Pope, Kouri and Hudson 2000). This time testosterone 
was administered over a six-week period. Subjects participated in the same 
experiment. Results indicated that those who had had the treatment pushed the 
button many more times. These studies put us in a much stronger position to 
claim that testosterone stimulates dominant behavior. 

 Testosterone and Status Hierarchies: What We Learn from Competition Studies?

Dominance hierarchies occur only in face-to-face groups where members 
interact with one another. (See Mazur 2005 for a detailed development of the 
dominance hierarchies concept.) They may be as small as a dyad or consist 
of 100 or so members. They persist over time and are characterized by the 
unequal ranking of members in terms of power, influence and access to valued 
resources and prerogatives. High ranking members influence others in the group 
and subordinate individuals have little influence and limited resources and are 
constrained in their choices. Members know where they fit into the hierarchy 
and regard it as legitimate. Rankings change as youth mature and those in power 
pass their prime, membership changes, or environmental challenges alter the 
needs of the group. 

Virtually everyone lives and works in groups that have dominance hierarchies 
whether they are families, peer groups, work groups, civic organizations, 
religious groups or play groups. Large organizations such as corporations 
and governments are overlain with many face-to-face groups, each operating 
somewhat autonomously. Within every hierarchy there are shifts in the status 
ranking over time. Status changes are preceded by competition. 
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Face-to-face status competition often occurs during polite conversation, 
though it may additionally include assertive eye contact or posturing, or the display 
of culturally elaborated status symbols, or rarely, argumentative and physical 
tussling. When these competitions occur, each adversary attempts to out-stress 
his opponent. This is often done without violence or overt aggressiveness, and 
indeed may occur so gently that the participants and other observers are barely 
aware of the competition. Generally, after one or a series of such encounters, 
one adversary concedes higher rank to the other, thus relieving the tension of 
the contest and establishing relative rankings in the group. Based on studies 
of change in status in competitive events, testosterone would appear to play a 
fundamental role in the face-to-face competition at least in males (Mazur 1985).

Sporting events are excellent venues for studying the hormonal correlates 
of face-to-face dominance episodes because they are highly organized and 
monitored, the rules are clear, and measures of performance, such as winning and 
losing, are well defined. Research has focused on three phases of competition: 
pre-event, event and post-event. In general, men’s testosterone levels increase 
prior to competition and rise during the contest itself. Afterward, testosterone 
levels of winners often remain higher than the testosterone of losers. 

These results come mostly from studies of male athletes (e.g., Mazur and 
Booth 1998). There are only three studies of women, each suggesting a different 
profile than is found in men (Bateup, Booth, Shirtcliff and Granger 2002; Kivilighan, 
Granger and Booth 2005; Mazur, Susman and Edelbrock 1997). Another caveat is 
that the vast majority of studies have focused on experienced competitors (e.g., 
Bateup et al. 2002; Booth et al. 1989; Elias 1981; Mazur, Booth and Dabbs 1992; 
Salvador et al. 1999). In the only study comparing varsity with novice competitors, 
testosterone behavior patterns were different for novices than for experienced 
players (Kivlighan et al. 2005).

The pre-event rise in testosterone possibly improves psychomotor function 
and coordination (Herrmann and Beach 1976), and mental activity (Herrmann, 
McDonald and Bozak 1976; Klaiber et al. 1971), and makes people more willing 
to use risky strategies (Daltzman and Zuckerman 1980), although none of 
these effects are conclusively demonstrated. Men appear to adjust their pre-
competition rise in testosterone to the perceived strength of the opponent and 
the importance of the event. The greater the challenge, the greater the hormone 
increase (Booth et al. 1989; Gonzalez-Bono et al. 1999; Mazur, Booth and Dabbs 
1992; Mazur and Lamb 1980; Salvador et al. 1987; Neave and Wolfson 2003). 

The link between testosterone and performance during an event has received 
very little attention because of the difficulty in collecting saliva samples and 
other measures during the event itself. Studies have been limited to studying 
the associations between the change in testosterone (typically a rise) during the 
event and performance as measured after the event. One study of male rowers 
suggests that elevation in testosterone during the event is associated with 
superior performance, as indicated by the amount of time it takes to row 2000 
meters (Kivlighan et al. 2005). 

Post-event research indicates that winners have higher testosterone than 
losers. Not all studies show this effect (e.g., Suay et al. 1999), but it has been 
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replicated several times, not only in physically vigorous competitions but in chess 
competitions (Mazur, Booth and Dabbs 1992). The extent of post-match rise in 
the hormone seems to depend on the importance of the win and the participants’ 
evaluations of their own performances (e.g., Booth et al. 1989; Elias 1981; Mazur 
and Lamb 1980). When male competitors believe they have won by luck rather 
than personal effort, there is little if any post-win rise in testosterone (McCaul, 
Gladue and Joppa 1992). 

As indicated at the outset, we propose that bio-social models are reciprocal 
where testosterone affects dominance, and also that changes in dominance 
change behavior (or social status), which changes testosterone levels as 
demonstrated in studies of primates (Rose, Bernstein and Gordon 1975). It is 
theoretically tempting to presume bi-directional effects in humans: testosterone 
increases competitiveness, and competitiveness increases testosterone. 
The studies noted above indicate that winning a competition increases one’s 
testosterone, which increases the likelihood of engaging in and winning more 
competitions, which increases or maintains high testosterone, and so on. Losing 
a competition would depress testosterone, which would encourage avoidance 
of further competition. This would neatly account for the self-reinforcing effects 
of winning and losing streaks. However, the evidence is weak and additional 
research is needed to reach a firm conclusion about reciprocity.

How are the testosterone changes noted in formal competition related 
to changes in other face-to-face groups? We expect that any face-to-face 
negotiation that potentially entails an important change in ranking would involve 
changes in testosterone. If there was sufficient time (20 minutes or more prior to 
negotiation), an anticipatory rise in testosterone would occur. During negotiations 
testosterone increases in those who think they have a chance of gaining or 
maintaining status, and it  decreases among those who think they are about to 
lose. At the conclusion of the negotiation the winner would experience a rise in 
testosterone, whereas the loser would experience a decline that could affect 
performance at subsequent dominance episodes. 

For future research, perhaps the most important question is the extent to 
which the competition findings apply to dominance episodes occurring outside 
short term sporting events such as negotiating a commercial contract, engaging 
in a political campaign, and being a party to litigation, as well as to family and peer 
interaction. If so, we need to continue to explore gender differences and the links 
between testosterone and the amount of experience and skill that participants 
bring to a dominance episode. Skill may lead to confidence that may signal a 
rise in testosterone (Mazur and Booth 1998). We suggest future research should 
also include culture and individual development (when studies focus on youth). 
When dominance episodes entail groups of individuals the rank of the individual 
members within the group and extent of bonding between members are also 
important considerations. Individual feelings of efficaciousness and social skills 
may also advance or impede the testosterone production. 

For dominance episodes that last for hours, days or weeks, we need to 
understand more about how the ebb and flow of successful performance is linked 
to testosterone production. To date, research has focused on one competitor in a 
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dominance episode but not the opponent. It would be useful to have information 
about the opponent’s testosterone throughout the event, the opponents’ self 
evaluation, and his/her evaluation of the opponent. Given the intensity of the 
competitor-opponent relationship, information on the opponent is bound to 
increase our understanding of the dynamics of dominance episodes. 

Problem Behavior and Psychopathology

Unlike the research on competition, which centers on testosterone changes taking 
place over a few minutes or hours, much of the research on problem behavior 
(as well as on peer and family relationships) is cross-sectional and sometimes 
involves reports that cover much longer periods of time (weeks, months and 
years). We also switch to considering baseline testosterone, the characteristics 
level of the hormone that we have upon arising each morning. Research on the link 
between testosterone and problem behavior includes adult crime and depression 
as well as children’s internalizing (depression) and externalizing (risky behavior). 
In keeping with contemporary thinking about hormones and the interests of 
sociologists, we rely heavily on research using the bio-social model, studies that 
examine the role of the social environment as moderating or mediating the link 
between testosterone and behavior.

Crime

Men with higher levels of testosterone are more likely to be arrested for offenses 
other than traffic violations, to buy and sell stolen property, incur bad debts and 
use a weapon in fights (Booth and Osgood 1993). Individuals with testosterone 
more than one standard deviation above the mean were 28 percent more likely to 
engage in criminal behavior than those one standard deviation below the mean. 
There is no evidence of a threshold of testosterone where the propensity to commit 
crime increases at a higher rate. The association between testosterone and crime 
is explained in part by a record of juvenile delinquency. The remainder of the 
testosterone-crime association is accounted for by participation in conventional 
social roles. Conventional social roles include holding a steady job, being married 
and belonging to community organizations. The greater the testosterone, the 
more important social roles were to preventing criminal activities. 

Depression

The largest study of the link between testosterone and depression revealed an 
unusual finding. The study, which involved more than 4,000 men ages 32 to 48, 
found that a parabolic model best fits the data (see Figure 2). Men with above- 
and below-average testosterone levels reported more symptoms of depression 
(Booth et al. 1999b). The link between high testosterone men and depression is 
the inverse for men with below-average testosterone. The relationship disappears 
for those with above average testosterone when controls for antisocial and risk 
behaviors and the absence of protective factors such as marriage and steady 
employment are in the equation. Anti-social and risky behavior brings people into 
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contact with the criminal justice system and puts individuals at odds with relatives 
and friends. Incarceration, being sued or paying fines, and social isolation increase 
the risk of depression. The association is unchanged by these factors for those 
with below-average testosterone. It is possible that low testosterone is linked to 
neurotransmitters that are associated with depression (Zhang, Ma, Barker and 
Rubinow 1999). Further analysis revealed that testosterone was not linked to 
other forms of psychopathology (bipolar disorder, paranoid schizophrenia, panic 
attacks, post traumatic stress disorder and several phobias). When exploring the 
links between testosterone and behavior it is important to keep in mind that the 
relationship may not be linear.

Figure 2. Lowess Curves of Testosterone and Depression
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Military Combat 

An analysis of factors that predict exposure to military combat reveals that high 
testosterone increases the likelihood of exposure (Gimble and Booth 1996). It 
is unclear whether individual or environmental variables influenced participation 
in combat. Soldiers with high testosterone may have taken an active role in 
seeking out combat. Or those in command may have recognized qualities that 
will make the individual a better combatant and assign him accordingly. It is also 
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possible that high testosterone individuals are antisocial enough to get combat 
assignments as punishment. In any case, the model shows impressive predictive 
ability despite the fact that we cannot determine the causal direction. 

Risk Behavior and Depressive Symptoms in Youth

In a study of 654 normally developing youth (ages 7-17, M = 13.5), there was 
no evidence of direct testosterone-behavior effects (Booth et al. 2003). Rather, 
the expression of testosterone-related behavior was dependent on the quality 
of parent-child relations. That is, when parent-child relations were poor, high-
testosterone sons (compared to low-testosterone sons) were more likely to engage 
in antisocial behavior, and low-testosterone sons (compared to high-testosterone 
sons) were more likely to report symptoms of depression. In daughters a different 
picture emerged. When daughter-mother relations were poor, low-testosterone 
daughters (compared to high-testosterone daughters) were more likely to express 
risky and antisocial behavior. When father-daughter relations were poor, low-
testosterone daughters (compared to high-testosterone daughters) were more 
likely to be depressed. In short, testosterone’s relationship with risk behavior and 
depressive symptoms was conditional on the quality of parent-child relations. 
As parent-child relationship quality increases, testosterone-related adjustment 
problems are less evident. Interestingly, unlike sons’ testosterone, daughter’s 
testosterone is negatively related to risk behavior. 

It is clear from these studies that the biosocial model is a promising one for 
exploring problem behavior. Exploring the social environment as a source of 
variables that have the potential to moderate the hormone-behavior association 
will greatly expand our knowledge. The social environment also has potential 
for affecting hormones as well as behavior. When studying youth, the potential 
confounding influences of cognitive maturation and pubertal development add 
another layer of factors to take into account in developing research questions. As 
suggested by Mazur and Booth (1998), around puberty, the effect of testosterone 
on behavior may work through increased size, muscle mass and appearance of 
secondary sexual characteristics. These changes produce dramatic change in 
the way individuals are treated by peers, parents, siblings and authorities. 

Also, future biosocial models should incorporate a wider range of variables 
in the analysis. For example, Figure 3 suggests that the parent-child relationship 
quality not only moderates the link between testosterone and problem behavior, 
but may also moderate the link between developmental phase and problem 
behavior and have a direct effect on problem behavior. The model also suggests 
that parents’ testosterone may influence the quality of parent-child relationships. 
The phase of child development, especially the early adolescent tendency to 
engage in more conflict with parents and the late adolescence tendency to 
decrease the amount of time spent with parents in favor of peers, may also affect 
the testosterone-problem behavior association (Silk and Steinberg 2003).

A series of studies alerts us to the importance of the timing of measuring 
hormones and behavior in future studies of both youth and adults. A series of 
studies by Udry and his colleagues (1988, 1990) are particularly interesting with 
respect to timing issues. In a cross-sectional analysis of 12- to 13-year old boys, 
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correlations were observed between testosterone and norm-violating behavior. 
In a prospective analysis of these boys over a three-year period, no associations 
between testosterone and behavior were observed (Drigotas and Udry 1993; 
Halpern, Udry and Suchindran 1997, 1998). Many interpreted this to mean that 
testosterone is largely organizational and not activational during adolescence (e.g., 
Mazur and Booth 1998). When the investigators conducted a third study in which 
the interval between data collection points was substantially shorter, they found 
that increases in testosterone were linked to first intercourse at a much earlier age 
in both boys and girls (Halpern, Udry and Suchindran 1997, 1998). Investigation 
showed that recall of sexual intercourse initiation over longer intervals was 
inaccurate and masked the relation between testosterone and problem behavior. 
Measurement timing deserves serious attention subsequent studies. 

Peer and Family Relationships 

While the vast majority of studies have focused on associations between 
testosterone and negative behavior, a handful of small studies suggest that higher 
levels of testosterone have positive links with interpersonal associations in some 
circumstances. In a study of college students, males and females with higher 
testosterone had a more forward and confident interaction style than those with 
low testosterone (Dabbs et al. 2001). Above average levels of testosterone have 
been linked to college students being helpful, engaging and outgoing (Dabbs and 
Ruback 1988). In adult women, above-average testosterone is related to being 
confident (Baucom, Besch and Callaan 1985). 

Peer Relationships

A study of adolescent peers using the biosocial model indicates that testosterone 
may be linked to positive as well as negative behavior depending on the nature 
of the social moderator. Rowe, Maughan, Worthman, Costello and Angold (2004) 

Figure 3. Testosterone and Youth Behavior Problems
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documented the association between testosterone and behavior in boys and 
showed that it was highly dependent on the nature of the immediate peer context. 
When peers were judged as positive social influences, high testosterone levels 
in boys were associated with assertive and dominant behaviors characteristic 
of leadership. When peers were engaged in deviant behavior (rule violation, 
substance use), high testosterone levels in boys predicted non-aggressive 
symptoms of conduct disorder. 

Another study of peers reveals that the quality of the relationship adolescent 
boys have with their mothers or older sisters is important for understanding 
testosterone’s links to peer relationships (Updegraff, Booth and Bahr 2006). 
Above average levels of testosterone are positively related to boys’ perceptions 
of their best friends as popular, to their own perceived competence in peer and 
romantic relationships, and to the time they spend alone with a female. But this 
occurs only if a boy has a positive relationship with his mother or an older sister. 
It appears that female members of the family play an important role in socializing 
adolescent boys with respect to developing and maintaining meaningful 
relationships with peers.

In a classic study, Udry (1988) found that testosterone is linked to interest in 
sexual behavior, but that the interest is expressed behaviorally only in cases of 
father absence and low participation in team sports in the case of females. In 
males, however, the behavioral expression of testosterone’s link to interest in sex 
is not moderated by any of the variables studied. 

Marital Relationship Quality

Research on marital quality suggests that high levels of testosterone may result 
in either high or low marital quality depending on perceptions of the social 
environment. In a sample of established working- and middle-class families with 
school-age children, neither husbands’ nor wives’ testosterone showed a direct 
connection with marital quality (Booth, Johnson and Granger 2005). In contrast, 
the association between husbands’ testosterone and positive and negative marital 
quality (as evaluated by both spouses) was conditional on husbands’ perception 
of role overload. When perceptions of men’s role overload were elevated, higher 
testosterone levels were associated with lower levels of marital quality. When 
role overload was low, higher testosterone levels were linked to higher levels of 
marital quality. The study offers additional support to the notion that depending 
on perceptions of the social context, testosterone enables positive behavior in 
some situations and negative behavior in others. What is the mechanism by which 
men’s perceptions of the demands of the environment moderate the association 
between testosterone and marital quality? While we know of no research bearing 
on this question, we suggest that when stress is low, higher testosterone men 
may devote more attention to their spouses, take the initiative in expressing 
positive interaction, and make a greater overall investment in the relationship. 
When high testosterone men are under considerable stress they are more likely 
to disagree, be less responsive to affective cues, and take risks (e.g., infidelity, 
drug or alcohol use) that may threaten marital relationships. 
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An earlier study of men who were veterans indicated testosterone had direct 
negative effects on marital quality (Booth and Dabbs 1993). The men in the two 
samples were approximately the same age. What may account for the difference 
is that only some of the servicemen were in stable long-term marriages that 
involved children whereas the entire sample of men in the study reported above 
were in such unions. Maintenance of such long-term unions may mean that very 
few men in the recent study were predisposed to express low levels of affect and 
high levels of conflict whereas a much higher proportion of the men from a more 
diverse population are likely to manifest such behavior. These studies indicate 
the importance of taking into account early experiences and other background 
factors in studies linking testosterone and behavior.

Women’s Orientation toward Family Relationships

Again we note the limited number of studies linking testosterone to female peer 
and marital relationships. One study that poses a challenge for future research 
explored gendered behavior in 250 women aged 27-30. Udry, Morris and Kovenock 
(1995) found that women with higher levels of testosterone were less likely 
to marry and assigned a lower priority to marrying. They also found that such 
women were less interested in children and had fewer children. Cashdan (1995) 
found that women with higher testosterone-associated dominance behavior felt 
less need for a partner. Whether testosterone-linked low interest in marriage and 
children is translated into poorer marital quality and lower parent-parent child 
relationship quality is unknown and is an important question for future research. 

Men’s Orientation to Family Relationships 

Usually research focuses on the impact of higher levels of testosterone on behavior. 
Much less attention has been devoted to declines in testosterone and the role of 
the social milieu in that decline. For example, testosterone declines when men 
marry (Grey et al. 2002, Mazur and Michalek 1998) and declines further when 
they become fathers (Story et al. 2000), but climbs when they divorce (Mazur and 
Michalek 1998). Additionally, fathers with lower testosterone are more attuned to 
their infant’s cries (Fleming et al. 2002). The origin and duration of these changes and 
the consequences they have for behavior is unknown. The decline may derive from 
attempts to meet the expectations associated with new roles and expectations, or 
it may have biological roots in pheromones or other stimuli. The mechanisms that 
explain these testosterone changes are ripe for study.

Examples of questions to be studied include: What behaviors change as a result 
of the declines in testosterone associated with marriage or becoming a parent? 
Whose behavior precedes the change in testosterone? Does the behavior following 
the decline in testosterone then lead to further changes in the hormone? Does 
the process of assuming more and more of the parenting responsibilities lead to 
further declines in testosterone or does it eventually contribute to an increase in 
testosterone that leads to the father becoming more involved with offspring? 

Answering such questions requires knowledge of risk and resilience factors 
that may influence context (Luthar et al. 2000, Masten et al. 1990). For example, 



Testosterone and Social Behavior  • 181

the well-known buffer, parent-child relationship quality, may depend on such 
things as whether the parent was raised in a supportive family, the current family 
is disadvantaged economically, and whether the quality of the parents’ marriage 
is high or low.

Gender Differences

Testosterone’s link to behavior in females has some parallels with males and 
some differences. In both female and male children, low levels of testosterone 
are related to depression (Booth et al. 2003). In the same study testosterone 
is negatively related to externalizing behavior in females and positively related 
to such behavior in males. There is too little research on testosterone-behavior 
associations among females to even tentatively account for the gender 
differences, making this an important question to address in future research.

As noted above, the link between testosterone and sexual behavior among 
youth was found to vary by gender (Udry 1988). Although testosterone was 
positively related to interest in sex, having a father in the household and 
participating in sports inhibited the interest from being expressed in sexual 
intercourse in females but not in males. 

We know that high levels of testosterone are related to peer competence and 
the amount of time spent with peers by males, but not by females (Updegraff et 
al. forthcoming). A similar picture has been observed among adults. In a study 
of marital quality wives’ testosterone was unrelated to marital quality whereas 
husbands’ testosterone was related both positively and negatively related to 
marital quality depending on the males’ role overload at the time marital quality 
was measured (Booth et al. 2005). 

On the other hand, testosterone’s link to parenting behavior is similar for males 
and females. Higher testosterone is associated with lower levels of interest in 
marriage and parenting (Cashdan 1995, Udry et al. 1985) among females. In 
men, studies suggest that low levels of testosterone are associated with the 
anticipation of becoming a parent (Story et al. 2000) and being more attuned to 
caring for offspring (Fleming et al. 2002). Low testosterone has a positive role in 
marriage and parenting among both males and females. 

Whether testosterone has links to status, dominance behavior, aggression, 
risk behavior and initiative that is similar in males and females is unclear. Grant 
and France (2001) indicated that high testosterone women are more likely to 
report dominating behavior. Studies of women in prisons report both positive and 
null associations between testosterone and dominance or aggression (Banks 
and Dabbs 1996; Dabbs and Hargrove 1997; Dabbs, Ruback, Frady, Hooper 
and Sgoutas 1988). Some studies report testosterone to be negatively related 
to status (Gladue 1991). Clearly further research is needed to reach conclusions 
regarding gender differences in the links between testosterone and dominance 
and risk behavior. For example, higher levels of testosterone are positively related 
to interest in masculine activities in pre-pubertal females (McHale et al. 2004) 
and to resistance to parental socialization efforts encouraging feminine behavior 
(Udry 2000). 
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In addition, we must continue to explore developmental and cultural factors. 
For example, Taylor and colleagues suggested that “fight or flight” is not an 
appropriate model to use in explaining behavior during a crisis. They proposed 
“tend and befriend” as a more appropriate model for females and that oxytocin 
is one of the key hormones involved. Drawing on conflict theory, Campbell (1995) 
argued that because of the greater value of mothers’ health relative to fathers 
in providing sufficient resources to offspring, women are less likely to involve 
themselves in potentially dangerous conflicts over status. While women are 
less likely to engage in dangerous conflicts, women do engage in aggression to 
compete for scarce resources. Campbell argued that female non-aggressiveness 
is a myth created by men to sanction female aggression.

Conclusion

The advent of non-invasive means of measuring hormones and new paradigms 
has opened windows of opportunity to integrate testosterone into sociology. The 
new paradigms have shifted thinking away from biodeterminism and focused 
it on the integral role of the environment for understanding the links between 
biology and behavior. This realization has enabled research attention to focus 
on identifying new sources of individual differences, modeling intra-individual 
change, and exploring interactive and reciprocal effects.

Social status is a fundamental building block of human groups. The way in 
which status is gained, maintained and lost is fundamental to understanding the 
structure of individual social networks, corporations and governments. Status 
governs the way in which resources are obtained and distributed. It also defines 
the way in which order is maintained. It is apparent that testosterone has a role 
in organizing status hierarchies. Next steps in the research should incorporate 
females to a significant extent and move beyond the sports venue.

To date much of the testosterone research on problem behavior has focused 
on aggression and antisocial behavior. Missing from this research is the 
understanding that the behavior of concern is dominance, risk taking and initiative, 
and that only a small portion of these acts involves aggression, defined as the 
intent to physically harm others. One of the reasons high levels of testosterone 
are so seldom associated with aggression is because of the protective influence 
of the social environment and the resilience individuals develop by living in such 
an environment. While much research has focused on externalizing behavior 
(aggression, deviance, crime), it is now apparent that testosterone has a role in 
our understanding of depression as well. The topic most in need of research is 
the process by which the environment moderates the link between testosterone 
and problem behavior.

Largely ignored for many years is the positive role testosterone may play 
in family and friendship relationships. There are now enough studies to assert 
that this is rich area for research. As in other relationship domains, the social 
environment plays a important role in defining whether testosterone has a 
positive or negative influence on the quality of intimate relationships. Research is 
needed to explore a wide range of environmental factors that have the potential 
for affecting the quality of intimate relationships. 
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From the research to date it is clear that there are important gender differences 
that need explanation. Why should female testosterone count in some areas (e.g., 
parenting) but not others (e.g., adolescent peer relations and marriage)? Yet there 
is symmetry in the way in which low testosterone in both males and females 
enhances parenting. Research is needed to understand gender differences and 
similarities in testosterone’s link to behavior.  

The field is still in the early stages of carefully describing the nature of 
testosterone-behavior links in everyday social life, but the establishment of these 
associations is only the beginning. The next generation of biosocial research 
needs to go beyond describing the associations and uncover the fundamental 
mechanisms and processes underlying them (Raine 2002). The appropriate 
measurement tools and statistical strategies necessary to move this endeavor 
toward understanding the nature of biosocial phenomenon are now available. 
In our opinion, the critical need is for sociologists to increase our understanding 
of how social, behavioral, cognitive and biological variables shape individual and 
group processes.
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