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Abstract

Objectives: To examine physiological influences of adolescent sexual behaviour, including 

associated psychosocial factors.

Methods: Systematic review. 

Results: Thirteen studies met the inclusion criteria relating to adolescents, physiology and 

sexual behaviour. We excluded studies relating to abnormal development. Findings 

highlighted hormonal and gender differences. Females appear to be more influenced by 

psychosocial aspects, including the effects of peers, than males. Males may be more inclined 

to engage in unprotected sex with a greater number of partners. Early maturing adolescents 

are more likely to be sexually active at an early age.

Conclusions: Hormonal, psychosocial context, and sexual preference need to be 

acknowledged in intervention development. Stage of readiness to receive information may 

differ according to gender and physiological maturity. 

Keywords: Adolescent sexuality, sexual development, hormones, physiology, systematic 

review
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INTRODUCTION

The sexual behaviour of adolescents is of importance due to the increasing number of 

sexually active adolescents globally (WHO, 2012). While initiation of sexual activity is a part 

of normal behaviour and development, it may also be associated with negative outcomes, if 

sexual behaviour involves engagement in sexual activity at too early an age, or without due 

attention to the risks involved (Maswikwa et al., 2015).  Teenagers and young adults may 

face many sexual and reproductive health risks stemming from early, unprotected, or 

unwanted sexual activity (WHO, 2012). For example, early initiation of sexual activity 

increases the period of time adolescents are exposed to the risk of sexually transmitted 

infections or unintended pregnancy (WHO, 2011). Although there is no universal definition 

of early initiation of sexual activity, it is often classified as sexual intercourse during initial 

high school years (Johnson & Tyler, 2007) or sexual intercourse before the age of legal 

consent (Girma & Paton, 2015).

For many adolescents, sexual activity may start earlier than permitted by law (Klettke & 

Mellor, 2012); in the USA, for example, 62% of students were reported to have engaged in 

sexual activity before leaving school (Martinez et al., 2011), and in many instances, young 

people may initiate sexual relations before the age of 14yrs (WHO, 2011). There may be 

associated risks of early pregnancy, for example, if adolescents do not have a good 

understanding of contraception (WHO, 2012).   

While rates of teenage pregnancy may be falling in some middle to high income countries 

(Girma & Paton, 2015), early sexual activity and pregnancy are still prevalent in other areas 

and cultures, and may be associated with increased morbidity and mortality (WHO 2012, 

Maswikwa et al., 2015). Encouraging appropriate attitudes to sexual behaviour and activity 
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during adolescence can help to ensure that contraception is understood, pregnancy is 

intended (Sher, 2016), and the cycle of deprivation associated with pregnancy in young 

people under the age of 18 is reduced (Scottish Government, 2016). Promoting healthy 

sexual behaviour can help reduce these risks, and further negative outcomes, such as 

sexually transmitted infections.

Sexual behaviour may be influenced by many physiological factors, in addition to the 

cultural and social pressures which can change rapidly from one generation to the next. 

Understanding the physiological influences that drive adolescent sexual activity, such as 

hormonal, chemical and neurological reactions and changes, can help inform interventions 

to support adolescents in making appropriate choices regarding their sexual behaviour. 

Exploring the nature of these physiological processes, and associated consequences, is 

essential for designing effective responses to meet the sexual and reproductive health 

needs of adolescents (WHO, 2011), and may help to protect their rights in relation to their 

choices. Improved understanding of factors that may predispose adolescents to certain 

behaviours can not only help to inform adolescents, but also those involved in their care.

This review aimed to examine the physiological factors that influence adolescent sexual 

behaviour. The review forms the first phase of a comprehensive project to examine all 

aspects of adolescent development and potential influences on health behaviour. This paper 

reports on the findings specifically relating to sexual behaviour. Other aspects of adolescent 

physiological development and health behaviour (e.g. substance use, sexual behaviour, 

physical activity) are discussed elsewhere, including our main report (McAteer et al., 2017). 
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METHODS

A systematic review was conducted from June 2015-January 2016, using a protocol aligned 

to PRISMA-R guidelines, with pre-specified inclusion/exclusion criteria. The review aimed to 

capture an extensive range of studies with different methodological approaches, and both 

published and unpublished literature, in order to produce an extensive understanding and 

avoid publication bias (de Souza et al., 2010). Details of the overall review process are noted 

in the PRISMA flow chart (Figure 1).

Search strategy

A detailed review protocol and search strategy was developed and agreed between the 

project team and advisory group members (Pringle et al., 2016). In brief, we searched 

MEDLINE, Pubmed, PsycInfo, Embase, ERIC, ASSIA, Discovery, Cinahl, and Cochrane 

databases, using key words relating to adolescence and young adults, physiological 

development, and (sexual) health behaviours. We also searched webpages, scanned 

reference lists, and included papers identified by experts in the field. 

Study selection and inclusion criteria

We set no search limits on study design, and scoped a wider age range (9-24yrs) than the 

‘second decade’ definition (WHO, 2015) in order to include the initial pubescent years and 

subsequent early adulthood period.

Inclusion dates ranged from 1980-2016. Our focus was on studies relating the impact of 

physiological systems on health behaviour rather than examining the impact of health 

behaviour on physiology, since we were not seeking to conduct a review of intervention or 

behavioural effect. Our focus was on either physiological impact on health behaviour, or on 

research that indicated a bidirectional influence. We aimed to acknowledge associated 
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psychosocial influences as they related to behavioural outcome findings. In order to include 

a broad range of potential outcomes, we did not put any predetermined definitions in place 

regarding sexual activity or behaviour; we were therefore able to include any such 

outcomes that had been examined in relation to physiological processes.

Two reviewers (JP and KM) screened papers independently using the inclusion and exclusion 

criteria (summarised in Table 1). A third reviewer from the project team examined papers 

where there was lack of agreement.

Insert Table 1 about here

Data extraction, assessment of study validity, and analysis

Data relating to study aim, country, date, method, population, outcome measures, findings 

and conclusions were extracted and tabulated. We critically examined method, population 

and outcome measures to assess validity and limitations. Due to the heterogeneity of the 

study populations, methods, and outcome measures, meta-analysis and comparable quality 

appraisal were not feasible. A thematic narrative summation was therefore undertaken, to 

allow for a deductive approach to the development of key categories. Within identified key 

categories, we sought to extrapolate data relating to physiological influences (e.g. hormonal 

changes) and potential impact on sexual health behaviour. The resulting analysis provides a 

summary of three main topics of focus: hormonal influences, brain physiology, and 

associated psychosocial factors.

Results

The PRISMA flow chart (Figure 1) summarises the review screening process, and results.

Studies relating to sexual behaviour formed one of six subdivisions within the larger review 

process. As mentioned above, other areas of interest (sleep, eating behaviour, genetic 

influences, physical activity, and substance use) are reported elsewhere.
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Insert Figure 1 about here

The review identified 13 individual studies that focussed on adolescent sexual behaviour. 

Details of these studies are given in Table 2.

Of the 13 studies, all but two were conducted in the USA; one study involved Zimbabwean 

boys (Campbell et al., 2005) and the other was conducted by a Dutch research team (Baams 

et al., 2015). There was therefore an overall lack of diversity in the populations studied. 

Dates of publication were broad, ranging from 1981-2015. There were three review papers; 

five of the remaining ten papers involved cross-sectional study designs, which limited any 

causality inferences. Follow-up periods for the 5 longitudinal studies ranged from 2-10yrs. 

None of the studies involved data from participants under 12yrs of age, and the upmost age 

of participants was 26yrs of age. All papers examined factors affecting the onset of sexual 

activity, rather than other aspects of sexual behaviour. Generally onset of sexual activity 

was related to first coitus. Subset analysis divided the topics of focus into three main, albeit 

overlapping, areas: hormonal influences, brain physiology, and associated psychosocial 

factors.

Insert Table 2 about here

Hormonal influences

With regard to the onset of sexual activity, several papers examined the hormonal influence 

of testosterone. Although a longitudinal study by Halpern and colleagues (1993) did not 

provide support for the idea of a direct causal link between testosterone levels and change 

in sexual motivation or behaviour, two later longitudinal studies, with more frequent data 

collection, were able to demonstrate such links (Halpern et al., 1997; Halpern et al., 1998). 
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The first, reported that higher levels of salivary testosterone were associated with more 

frequent sexual activity in adolescent males, with the second reporting similar associations 

in adolescent females, and the timing of their first coitus. For adolescent females, frequency 

of attendance at religious services was also examined as a variable (Halpern et al., 1997), 

and found to moderate the effects of testosterone on sexual transition. Psychosocial 

influences are discussed further below.      

In contrast, Udry and colleagues (1985) examined hormonal and social effects on adolescent 

male sexual behaviour, and concluded that testosterone appeared to affect sexual 

motivation directly in boys, and did not operate through social influences, such as peer 

pressure, in the same way that it may do for girls. In addition to the effects of testosterone, 

Campbell and colleagues (2005) reported that boys’ first spontaneous nocturnal emission 

was a stronger predictor of initiation of sexual activity than secondary sexual characteristics, 

such as the development of genital hair. Both of these studies were cross-sectional in 

design, so no causal links could be established. However, taken in conjunction with the 

previous longitudinal studies, they add weight to evidence of the influence of hormonal and 

developmental physiological processes on sexual activity (coitus) initiation.

Alongside testosterone, other hormonal changes (not withstanding peer influences) may 

also account for gender variations. For example, Smith and colleagues (1985) found that the 

sexual behaviour of female adolescents was positively affected by increasing levels of the 

sex hormones, testosterone and oestrogen. In contrast, for males, greater 

pubertal/physiological development in terms of Tanner staging (Marshall &Tanner, 1970), 

regardless of age, was associated with greater sexual involvement, which was unrelated to 

friends’ sexual behaviour. Although the study by Smith and colleagues (1985) was cross-
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sectional in method, such gender differences were also found in a review of studies by 

Graber & Sontag (2006) who concluded that, under the influence of gonadal hormones, 

sexuality begins to develop more fully during puberty, develops extensively over 

adolescence, and is interconnected with changes in self and social context for girls during 

this period. Longitudinal research by Moore and colleagues (2014) also found that girls’ 

perceived pubertal timing, in addition to actual age at menarche, predicted age of first 

sexual intercourse. This is concurrent with the large review by Baams and colleagues (2015), 

who were in agreement that early physiological development (i.e. early onset of puberty) 

was associated with earlier sexual activity, especially in girls.

Brain physiology

Although there was limited data relating to brain physiology and sexual behaviour in the 

review, in a sample of high-risk adolescents, one study correlated how an individual’s brain 

activity and associated inhibiting behaviour related to his/her frequency of unprotected 

sexual intercourse and substance use (Feldstein et al., 2015). These high-risk adolescents 

were recruited from a court ordered diversion program in the USA. The study examined the 

relationship between brain responses during a response inhibition task and past month 

health-risking behaviour. They found a negative correlation between substance use and 

brain responses (specifically in the left inferior frontal gyrus and right insula), and a positive 

correlation between risky sex and brain responses in the right inferior frontal gyrus and left 

middle occipital gyrus during response inhibition. The authors suggest that these findings 

indicate that engaging in risky sexual behaviour or substance use reflects more than the 

individual’s cognitive control capacities, but also their ability to assess the relevant 

socioemotional factors of that decision. This fits with the frameworks considering how 
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adolescents incorporate social factors when assessing the value of engaging in a health risk 

(Blakemore & Mills, 2014). 

Associated psychosocial factors

While the main focus of the review was on physiological aspects of adolescence, there were 

other factors that were important to take into account from the findings. For example, in 

addition to physiological maturation, a review identified psychosocial factors that preceded 

the onset of adolescent sexual intercourse, which included alcohol use, delinquency, and 

school problems (Zimmer-Gembeck & Helfand, 2008).  Zimmer-Gembeck & Helfand (2008) 

also found that the onset of adolescent sexual intercourse was correlated with depressive 

symptoms (especially for girls engaging in early sexual activity). With regard to other 

consequences, apart from early physiological development being associated with earlier and 

more (risky) sexual behaviour, especially in girls, early sexual activity may also result in 

increased incidence of infection or unplanned pregnancy (Baams et al., 2015).

Zimmer-Gembeck & Collins (2008) found that adolescents accumulated a higher number of 

sexual partners by age 16 years if they were more physiologically advanced (e.g. looked 

older), drank alcohol more frequently, and were more involved with dating in early to mid-

adolescence (13-16yrs of age). Male gender (and thereby male physiological hormonal 

profile), in particular, was associated with accumulation of sexual partners more rapidly 

between ages 16 and 26 years. There was little indication that the accumulation of different 

sexual partners had begun to slow by age 26 in this study. These findings indicate that 

interventions targeted at teens to reduce sexual risk behaviour may be just as necessary in 

the later teen years/emerging adulthood, and may need to be gender sensitive in terms of 

timing and content.
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As discussed above, frequency of attendance at religious services was found to temper the 

effects of testosterone on sexual transition (Halpern et al., 1997), which is consistent with a 

biosocial model suggesting that physiological influences can be moderated by relevant social 

variables.  

DISCUSSION

This review reports on adolescent physiological development and its impact on sexual 

behaviour. The papers relating to adolescent sexual behaviour highlight the effects of 

differing hormonal profiles, and associated gender differences. In addition to the effects of 

hormonal factors, females appear to be more influenced than males by psychosocial factors, 

including the effect of peers. An associated paper (Skinner et al., 2015), which did not focus 

on physiological factors, reported that behavioural issues (e.g. anger, antisocial behaviour) 

from as early as 5yrs of age in boys and 10yrs of age in girls were a significant risk factor for 

earlier age at first sexual intercourse. This is something that adolescent sexual health 

programmes may therefore want to consider when developing interventions.

In further relation to the exact specifics of sexual activity, most of the studies defined this as 

engagement in vaginal coitus, either implicitly or explicitly. However, an early study by 

Dornbusch and colleagues (1981) reported on data limited to whether participants had ever 

been on a date. Conclusions regarding the timing of dating behaviour drawn from this study 

may therefore not be comparable with the timing of more specific sexual activity (e.g. 

coitus) data from other studies. This perhaps reflects the less open attitudes that prevailed 

during earlier eras, and possibly the acceptability of researching such personal topics. It 

does, however, provide a historical view of past research approaches and findings, to help 

situate current research findings.
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Within the sexual behaviours that were examined in the included studies, and the 

method(s) of assessing pubertal status, the studies varied in terms of outcome measures, 

which made direct comparisons difficult. For example, pubertal status measures ranged 

from Tanner staging assessed by a professional, to parental or self-assessment. Although 

these latter measures may be considered reliable, there may also be elements of self-

assessed psychological and behavioural maturity incorporated in such considerations (Dorn 

& Biro, 2011), which may not be acknowledged as confounding factors, thereby limiting the 

findings.

The review papers highlighted links between early sexual maturity and early sexual activity. 

With regard to the measurement of developmental changes, Halpern and colleagues (2007) 

used ‘perceived physical maturity’ (i.e. the individual’s perception of their maturity) as a 

proxy for pubertal status, and concluded that, although advanced physical maturity was 

associated with increased risk (in terms of alcohol, substance use, sexual risk-taking etc.), it 

was also associated with greater likelihood of having a romantic partner, which further 

increased risk, especially for girls with an older (≥ 2yrs) partner.  However, as Halpern and 

colleagues (2007) noted themselves, although self-perceived measures are meaningful and 

may be valid, they are not the same as objective measures. It is possible that adolescents 

with older partners may see themselves as more mature by association. Past sexual 

experience may also impact on an individual’s maturity self-perception. In addition, girls on 

average enter puberty two years in advance of boys (Kail & Cavanuagh, 2015), so an age gap 

of this range would indicate a physical maturity match, and potentially a match with regard 

to readiness to engage in sexual activity; however, as the review has highlighted, this latter 

consideration may be mediated by culture, society or religion. Whilst these factors may be 
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acknowledged as influencing issues, the impact on individual behaviours is difficult to 

ascertain, unless these are specific elements under study. 

With further regard to sexual behaviours, these were often not specified in sufficient detail 

for comparison between studies; for example, intercourse may or may not be explicitly 

specified as vaginal, and there is often little acknowledgement that sexual activity may 

involve actions other this. Anal intercourse, for example, may be increasingly likely 

regardless of sexual orientation, possibly due to changing social norms (Marston & Lewis, 

2014). Similarly, homosexual sexual activity, either as a behaviour or in relation to greater 

risk, is not acknowledged. Baams and colleagues (2015), for example, noted only one study 

(out of 50 studies in their review) as specifically relating to homosexual activity, but this was 

not discussed in their analysis. Similarly, Halpern and colleagues (1997), although noting 

such behaviour as increasing risk, did not discuss data from within this category.

Likewise, adolescent males may be generally less positive about condom use (Rich et al., 

2014), with subsequent increased infection risk, particularly for homosexual men. Sexual 

minority females (e.g. bisexual, lesbian) may be more likely to experience a teen pregnancy 

and less likely to receive preventative advice (Charlton et al., 2016). In the past, this lack of 

emphasis on anything other than vaginal intercourse may have been due to a primary focus 

on pregnancy prevention (Albert et al., 2003). It would therefore seem important that 

current research and interventions recognise a broad range of potential sexual behaviour, 

and acknowledge the physiological influences that impact on adolescent sexual activity 

during this time.

A recently published review of romance and sex during adolescence by Suleiman and 

colleagues (2016) highlights the fact that support ‘scaffolding’ can help adolescents to 
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negotiate the relationship terrain during their physiological and maturational development. 

Support services are not only welcome by adolescents, but can help to reduce health 

disparities (Mason-Jones et al., 2012). We hope that our findings will help to inform the 

knowledge base for such interventions. 

Conclusions

This review has highlighted the role that hormones play in influencing sexual behaviour 

during adolescence. It has also discussed the influence of psychosocial factors, including 

peers, and how these may differ between males and females. 

With regard to maturity outcome measures (e.g. Tanner stage), the influence of maturity 

perceptions needs to be taken into account. For example, perceived maturity may be a 

confounding factor, irrespective of objective maturity, in terms of engagement in sexual 

activity. 

Social context and cultural or religious persuasion may also be mediating factors in the 

decisions adolescents make about sexual activity, in addition to physiological drivers. To 

more fully establish these influences, social context, cultural and religious affiliation need to 

be made more explicit for the populations under study.

Furthermore, sexual orientation needs to be considered in terms of sexual behaviour to 

avoid potential discriminatory reporting, or the under reporting of potentially risky sexual 

behaviours.

Further research relating to the impact of physiology on adolescent sexual behaviours 

would be beneficial, especially in a wider variety of populations. In particular, longitudinal 

research is needed to more fully clarify the causal links between hormones and their 
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influence on sexual behaviour. In addition, there is a need for greater consistency and clarity 

regarding specific sexual behaviour outcomes to allow comparison between study findings. 

For example, coitus needs to be defined in terms of vaginal intercourse, or otherwise, for 

results (and risks) to be more fully evaluated.

Intervention development

The review has highlighted specific physiological gender differences that need to be taken 

into account when designing interventions to promote sexual health. Since many 

physiological factors, such as hormonal levels and brain development are non-modifiable, 

understanding how these interact with more modifiable factors, such as peer and social 

influences, can contribute to more nuanced intervention development (Wight et al., 2015).  

Stage of readiness to receive advice and information relating to sexual behaviour may differ 

according to physiological maturity. However, early behavioural problems may indicate the 

need for earlier intervention, especially if linked to early physiological maturity. 

Interventions for those at risk may need to be adapted to be appropriate for both the age 

and maturity of the intended audience.  

Intervention development needs to take account of the influence of social context, culture 

and religious affiliation. Some of these factors may offer protection against risk, by opposing 

physiological drivers.  However, further research is needed to more fully establish how 

these protective factors may be harnessed in intervention development, or the 

identification of populations at greater risk.
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Fig.1. PRISMA flow diagram

Exclusions based on narrow 
screening (full paper):

1497

Articles remaining following broad 
screening:

1,838

Articles remaining following 
narrow screening:

341

Initial search numbers:

 Papers 13,633

 Duplicates (removed) 196

 Papers for screening 13,437

Papers relating to sexual 
behaviour:

13

Exclusions based on broad 
screening (title and abstract):

11,599

 

Papers relating to other 
domains (eating behaviour, 
sleep, substance use, physical 
activity or genetics):

328
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Table 1: Inclusion and exclusion criteria

*No definitive age criteria were set to avoid excluding potentially relevant research

Inclusion criteria Exclusion criteria

Studies/reports involving:

 Adolescents (nominal age range 9-
24yrs*)

and

 Physiological development, 
including developmental influencers 
(e.g. biochemical influences, 
hormonal activity, enzyme activity, 
neurotransmitters etc), with related 
outcomes

and

 Sexual health behaviour, including 
lifestyle or behavioural 
factors/outcomes, and decision 
making

Studies/reports involving:

 Children (e.g. under 9 years*) as sole focus 
and/or

 Adults (e.g. >24 years of age*) as sole focus 
and/or

 Atypical or pathological physical 
/psychological/physiological developmental 
focus  (e.g. eating disorders, addictions, 
gambling, or major mental health disorders), 
and their treatment interventions

 Adolescent pregnancy (as sole focus)

 Incidence, prevalence or trend papers (as 
sole focus)

 Protocols for studies yet to be undertaken
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Table 2: Studies relating to adolescent sexual behaviours

Authors
Date
Country

Population/
Topic

Method Outcomes/
Variables

Findings Conclusions Limitations/
Reviewer
Comments

Baams
2015
Various 
countrie
s;
Dutch 
study 
team

Youth 
10.5-22.4 
yrs
Pubertal 
timing/
status
& sexual 
behaviour

Systematic 
review with 
meta-
analysis;
1980-2012

1.Intercourse
2.Combined 
sexual behaviour
3.Risky sexual 
behaviour
(age, gender and 
ethnicity also 
examined)

50 included 
studies. Early 
development 
associated with 
earlier and more 
(risky) sexual 
behaviour, 
especially in girls

Further 
research to 
explain 
variations 
and assist 
intervention 
developmen
t

Variations in 
how 
pubertal 
timing 
assessed, 
plus the 
range of 
sexual 
behaviours 
examined

Campbel
l 
2005
Zimbab
we

Boys living 
in 
Zimbabwe, 
aged 12-
18yrs;
To explore 
the 
relative 
timing of 
puberty 
and the 
relationshi
p with 
sexual 
behaviour

Cross-
sectional 
study. 
Anonymous 
questionnair
es and blood 
specimens 
collected 

1.Spontaneous 
nocturnal 
emission (self-
report)
2.Secondary 
sexual 
characteristics
3.Salivary 
testosterone 
4.Age of first 
sexual fantasy
5.Non-coital 
sexual behaviour
6.Coitus (sex with 
a girl)

Data from 442 
boys living in 
Zimbabwe; First 
spontaneous 
nocturnal 
emission was a 
stronger 
predictor of 
sexual 
behaviour than 
secondary 
sexual 
characteristics, 
and may be 
used as a 
marker of 
pubertal timing. 
Variation in 
testosterone is 
associated with 
onset of sexual 
behaviour, 
beyond its 
relationship with 
developmental 
timing 

The 
mechanism 
of 
testosterone 
influence on 
the onset of 
sexual 
behaviour is 
unclear, and 
further 
research is 
warranted

Sample sizes 
of subsets 
was small 
and relied 
on self-
report 
measures. 
Sexual 
activity was 
only related 
to sex with a 
girl

Dornbus
ch
1981
USA

12-17yr 
old youths; 
dating, age 
and sexual 
maturatio
n

Survey data 
from US 
National 
Health 
Examination 
Survey

1.Dating (rather 
than sexual 
activity)
2.Age
3.Sexual 
development 
(physician Tanner 
assessment)
4.Aocial class
5.Ethnicity

6710 
participants; 
Individual levels 
of 
physiological/se
xual maturation 
add little to 
explain variation 
in dating after 
age has been 
taken into 
account. Social 

Social 
standards 
can reduce 
the impact 
of 
physiological 
processes on 
behaviour

Data limited 
to a simple 
yes or no 
response as 
to whether 
participants 
had ever 
been on a 
date; 
therefore 
conclusions 
drawn from 
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pressures 
determine onset 
of dating 
behaviour.

this study 
may not be 
comparable 
with more 
specific 
romantic or 
sexual data 

Feldstein
2015
USA

Adols 14-
18 yrs. To 
investigate 
brain 
neural 
activation 
responses 
and 
adolescent
s' 
frequency 
of risky sex 
and 
substance 
use

Cross-
sectional 
study

1.fMRI
2.BOLD response 
in the middle 
frontal gyrus 
(MFG), inferior 
parietal lobules 
(IPL) during a 
go/no go task

95 participants; 
in high-risk 
youth, there was 
a negative 
correlation 
between past 
month 
substance use 
and response 
inhibition within 
the left inferior 
frontal gyrus 
(IFG) and right 
insula, but a 
positive 
correlation 
between past 
month risky sex 
and activation 
within the right 
IFG and left 
middle occipital 
gyrus.

Different 
health risk 
behaviours 
are related 
to different 
neurocogniti
ve patterns.

All 
participants 
had started 
engaging in 
health risk 
behaviours 
by age 11-12 
years. Earlier 
data 
collection 
might have 
been 
beneficial

Graber 
& 
Sontag
2006
USA

Adolescent 
girls.
To 
examine 
the 
psychologi
cal
and social 
impacts of 
pubertal 
developme
nt on 
changes in 
girls’ 
feelings
about 
themselve
s (their 
bodies) 
and their 
sexuality

Review and 
comparison 
of models 
that link 
puberty and 
sexuality
e.g. models 
that indicate 
that sexual 
desires and
behaviours 
are in part 
the result of 
brain 
developmen
t and 
physiological
processes

Puberty/physiolo
gical 
development 
and:
1.Body image
2.Peer 
relationships
3.Romantic 
relationships
4.Emotional 
development
5.Sexuality

Sexuality begins 
to develop more 
fully during 
puberty, 
develops
extensively over 
adolescence, 
and is 
interconnected 
with changes in
self and social 
context during 
this period. As 
such, sexuality is 
likely to have 
important
connections to 
engagement in 
sexual 
behaviours and 
experiences,
which in turn 
stimulate re-
evaluation of 
beliefs and 
attitudes about 
one’s

A fuller 
understandi
ng of the 
impact of 
puberty,
self-
evaluations, 
and peers 
among 
different 
subgroups of 
girls is 
needed e.g. 
girls who are 
more and 
less 
heterocentri
c
in their 
developmen
tal path, 
racial or 
ethnic 
subgroups of 
girls,
girls who 
differ in 

Discussion 
paper, 
rather than 
research 
paper
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sexuality maturational 
timing, and 
girls who 
have 
romantic 
relationships
at younger 
versus older 
ages

Halpern
1998
USA

Adolescent 
males 12-
14 yrs at 
start of 
study. To 
examine 
the 
relationshi
p between 
testostero
ne and 
sexual 
activity 
through 
more 
frequent 
data 
collection

Longitudinal 
cohort 
study; 2-3 
year follow-
up. 
Questionnair
es, 
interviews 
and 
hormone 
levels taken.  
Appears to 
be an 
extension of 
earlier 
research, as 
detailed in 
Halpern et al 
1993

1.Monthly 
salivary 
testosterone 
levels
2.Weekly 
behaviour 
checklist, 
including sexual 
activity
3.Tanner stage

127 adolescent 
males. Over 80% 
prepubescent at 
start of study 
(by testosterone 
levels). Higher 
levels of salivary 
testosterone 
were associated 
with sexual 
activity initiation 
and more 
frequent coital 
and non coital 
activity

Findings are 
consistent 
with a 
biosocial 
model of 
adolescent 
sexual 
developmen
t that 
pubertal 
changes in 
testosterone 
are a causal 
factor in the 
timing of 
sexual 
initiation 
and the 
frequency of 
activity 
during 
adolescence

Behavioural 
items were 
self-report, 
but 
appeared to 
have 
additional 
questions to 
capture 
accurate 
responses. 
Coitus 
limited to 
vaginal 
intercourse 
with a girl. 
Authors 
acknowledg
e 
heterosexua
l focus, and 
that social 
context 
could also 
have  
influenced 
behaviour 
and findings

Halpern
1997
USA

Post 
menarche
al 
adolescent 
females.
To 
examine 
pubertal 
rise in 
testostero
ne and 
association
s with 
subsequen
t increases 
in female 
sexual 
interest 
and 
activity, 

Longitudinal 
study over 2-
year period, 
involving 
questionnair
es and 
interviews

1.Sexual 
behaviour, 
ideation and 
motivation
2.Religious 
attendance
3.Tanner stage 
(SR)
4.Testosterone 
levels (specifically 
timed blood 
samples)

200 female 
adolescents.
Testosterone 
and changes in 
testosterone 
were 
significantly 
related to the 
timing of 
subsequent 
transition to first 
coitus for blacks 
and whites 
females. 
Frequency of 
attendance at 
religious 
services 
operated as a 
social control 

These results 
are 
consistent 
with a 
biosocial 
model 
proposing 
testosterone 
as a causal 
factor in 
female 
sexual 
activity, and 
suggest that 
biological 
effects are 
moderated 
by relevant 
social 
variables

Later 
maturing 
girls may 
have been 
omitted due 
to the 
sample 
being only 
post-
menarcheal 
girls; since 
black girls 
tend to 
mature 
earlier, this 
may also 
have 
affected the 
findings.
Religious 
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within the 
context of 
a social 
control 
variable

variable, and 
was found to 
moderate 
effects of 
testosterone on 
sexual transition

attendance 
appeared to 
be the only 
biosocial 
marker used 

Halpern
1993
USA

Adolescent 
males, 12-
13 yrs. To 
examine if 
sexual 
activity is 
initiated 
and 
increases 
in relation 
to 
testostero
ne levels

Longitudinal 
cohort study. 
Behavioural 
questionnair
es and blood 
samples (for 
testosterone
) collected 
every 6 
months for 3 
years

1.Bi-annual blood 
testosterone 
levels
2.Bi-annual 
behaviour 
checklist, 
including sexual 
activity
3.Tanner stage

100 adolescent 
males. Pubertal 
development is 
significantly 
related to sexual 
ideation, non-
coital behaviour, 
and transition to 
sexual 
intercourse. 
Hormone levels 
did not predict 
changes in 
ideation or non-
coital sexual 
activity over the 
3 years of the 
study 

Results do 
not provide 
support for 
the idea of a 
direct causal 
link between 
testosterone 
change and 
change in 
sexual 
motivation 
or behaviour 

Homosexual 
activity was 
asked about 
in final 
round of 
questionnair
es, but 
authors 
acknowledg
e that due to 
the 
heterosexua
l orientation 
of the study 
questions, 
homosexual 
males may 
have opted 
out of 
participation
.
Over and 
under 
reporting of 
personal 
data also 
acknowledg
ed

Moore
2014
USA

Adolescent 
girls from 
the 
National 
Longitudin
al Study of 
Adolescent 
Health.
Pubertal 
timing, 
sexual 
behaviour, 
and 
genetic 
influences

Sibling-
comparison 
study, to 
establish 
genetic 
factors. 
Longitudinal: 
4 time-
points over 
14 years

1.Age at 
menarche
2.Perceived 
pubertal timing
3.Age at first 
intercourse
4.Dating and 
sexual activity

923 sibling pairs.
Shared genetic 
pathways 
influencing age 
at menarche 
and perceived 
pubertal timing, 
predicted age of 
first sex.
Genetic factors 
relating only to 
perceived 
pubertal timing 
predicted 
dating, romantic 
and non-
romantic sex.

A girl’s 
interpretatio
n of her 
pubertal 
timing 
beyond 
objective 
timing is 
important to 
consider in 
relation to 
sexual 
behaviour

Sex before 
11 yrs not 
analysed 
due to non-
consensual 
implications 
(n=9). Gay 
sexual 
encounters 
not 
recorded, or 
sex other 
than vaginal

Smith
1985
USA

To 
examine 
pubertal 
developme

Adolescents 
14-17yrs. 
Cross-
sectional 

1. Guttman-type 
scale of sexual 
behaviour (self + 
friends)

The biosocial 
model indicates 
that a 
simultaneous 

The sexual 
behaviour of 
the female 
adolescents 

Data were 
only from 
white 
adolescents, 
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nt effects 
on sexual 
behaviour, 
to 
determine 
which are 
socially 
motivated 
and effects 
which are 
attributed 
to 
biological 
motivation

data from a 
longitudinal 
study on 
early 
adolescent 
sexual 
behaviour

2.Tanner staging 
(self and 
interviewer 
assessment)

consideration of 
pubertal 
development 
and friend's 
behaviour 
provides a 
different and 
clearer picture 
of the process 
than 
examination of 
the effects 
separately

in this study 
was 
positively 
affected by 
androgen 
developmen
t, oestrogen 
developmen
t, and 
friend's 
sexual 
behaviour. 
For males, 
greater 
pubertal 
developmen
t (regardless 
of age) was 
associated 
with greater 
sexual 
involvement. 
For males, a 
higher levels 
of pubertal 
developmen
t was not 
related to 
friend's 
sexual 
behaviour

potentially 
limiting the 
applicability 
of the 
findings.
Study was 
able to 
differentiate 
between the 
androgen 
effect (i.e. 
stage of 
pubic hair 
developmen
t) and the 
oestrogen 
effect (i.e., 
breast and 
hip 
developmen
t) for girls. 
Such 
differentiati
on was not 
possible in 
males

Udry
1985
USA

Adolescent 
boys 12-
14yrs.
To 
examine  
hormonal 
and social 
effects on 
adolescent 
male 
sexual 
behaviour 

Cross 
sectional 
study

1.Serum hormone 
assays
2.Questionnaire 
data on sexual 
motivation and 
behaviour
3.Tanner pubertal 
stage (SR)
4.Age

102 boys; free 
testosterone 
was a strong 
predictor of 
sexual 
motivation and 
behaviour, with 
no additional 
contribution of 
other hormones.
Including 
measures of 
pubertal 
development 
and age 
indicated no 
additional 
effects

Free 
testosterone
, appears to 
affect sexual 
motivation 
directly and 
does not 
work 
through the 
social 
interpretatio
n of 
accompanyi
ng pubertal 
developmen
t

SR data and 
cross 
sectional 
design were 
limitations

Zimmer-
Gembec
k & 
Collins
2008
USA

Adolescent
s 16-26 
yrs. To 
determine 
sexual 
partnering 
from age 
16–26 yrs, 

Longitudinal 
data 
gathered 
over 10yrs

1.Number of 
sexual partners 
from age 16 
onwards (SR)
2. Biological 
maturity at 13yrs 
(observer 
assessment)

176 adolescents; 
adolescents had 
accumulated a 
higher number 
of sexual 
partners by age 
16 years when 
they looked 

These 
findings 
indicate that 
intervention
s targeted at 
teens to 
reduce 
sexual risk 

Correlation 
was lower 
than ideal 
for observer 
assessment 
of maturity. 
Other 
measures 
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and to test 
whether
biological 
and social 
factors 
influenced 
these 
growth 
patterns

3. Frequency of 
alcohol use at age 
16yrs (SR)
4. Romantic 
relationship 
history

older, drank 
alcohol more 
frequently, and 
were more 
involved with 
dating in early to 
middle 
adolescence. 
Male gender 
was associated 
with 
accumulation of 
sexual partners 
more rapidly 
between ages 
16 and 26 yrs; 
little indication 
that the 
accumulation of 
different sexual 
partners had 
begun to slow 
by age 26 for the 
average 
participant.

behaviour 
may be just 
as necessary 
in the later 
teen 
years/emerg
ing 
adulthood. 
FR to 
examine 
patterns of 
contraceptiv
e use over a 
similar age 
period may 
to help guide 
the content 
of 
intervention
s and the 
groups that 
could benefit 
the most 
from 
continued 
access to 
advice and 
clinical 
services.

via SR, 
therefore 
open to bias

Zimmer-
Gembec
k 
&Helfan
d
2008
USA

Adolescent
s <15yrs to 
>18yrs. 
Review; to 
provide a 
summary 
of what is 
known 
about the 
factors 
that 
precede 
and covary 
with the 
onset of 
adolescent 
sexual 
intercours
e

Review; 
analysis of 
findings from 
35 
longitudinal 
studies 
relating to 
the onset of 
heterosexual 
intercourse

1.Age at first 
intercourse
2. Gender and 
race/ethnicity
3. Pubertal and 
biological 
maturation
4. Behaviours and 
attitudes (e.g. 
drug/alcohol use, 
delinquency etc)
5. Religious 
behaviour and 
attitudes
6.Mental health
7. Self-Esteem, 
confidence, and 
autonomy
8.Parental factors
9.Peer factors

35 longitudinal 
studies. When 
studies were 
organized by age 
of participants, 
the onset of 
intercourse was 
more strongly 
associated with 
alcohol use, 
delinquency, 
school problems 
and (for girls) 
depressive 
symptoms 
following sexual 
intercourse by 
age 15 than in 
later years

Results 
highlight 
differences 
in the 
correlates of 
girls’ versus 
boys’ sexual 
intercourse 
and how 
race/ethnicit
y moderates 
associations. 
These 
gender and 
racial/ethnic 
differences 
were found 
largely in 
analyses of 
family 
processes, 
school and 
religion, and 
parent 
education. 
Further 
research 
with 

This review 
highlights 
the lack of 
study or 
inclusion of 
same sex 
sexual 
activity, and 
also the lack 
of the 
influence of 
peers on 
sexual 
behaviour. 
However, it 
is 
comprehens
ive in the 
other 
aspects that 
are 
considered
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consideratio
n of  
different 
sets of 
covariates 
that depend 
on age and 
other 
developmen
tal features 
is required

Abbreviations: SR = self report; fMRI= functional Magnetic Resonance Imaging; BOLD= blood oxygen 
level dependent (contrast imaging)
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