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Figure 2. The PRISMA-S 2020 27-item checklist for what must be included in a systematic review.
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Figure 4. Flow diagram representing the steps taken from the beginning to end of data extraction and sourcing of research materials.
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Figure 5. A summary table displaying the authors, population, method, outcomes, findings, conclusions and limitations of each study.
	Authors/ Location
	Population/topic
	Method
	Outcomes/variables
	Findings 
	Conclusions
	Limitations

	Harden et al (2018)

USA
	810 adolescents.

 Sensation seeking and hormonal development
	Self-reported surveys and salivary testing
	1. Age
2. Pubertal development
3. Testosterone
4. Estradiol
5. Stoplight
6. BART score
7. IGT score
8. Sensation seeking
	Sensation seeking significantly related to testosterone in girls and estradiol in boys
	Sensation seeking and reward sensitivity are more evidenced for boys than girls. More research needed on sex-specific developmental mechanisms. 
	Hormones were only measured once even though there are multiple dimensions that could affect their levels at the time of testing.

	Shulman et al, (2015)

USA and Canada
	8,270 individuals aged 10-25.

Sex differences in impulse control and sensation seeking
	Longitudinal study using self-administered assessments 
	1. Age
2. Sex
3. Impulse control
4. Sensation seeking
5. Time point 

	Risk taking behaviours have a larger magnitude during adolescence for males than females.
	Male and female sensation seeking trajectories are similar. More research needed assessing changes in pubertal hormones.
	The scales used are indirect measures and the scales were only 3-items long so may not capture all facets. 

	De Macks et al, (2016)

USA
	78 adolescent girls

risky decision making by girls due to hormones and reward circuitry
	Interviews, computer tasks, questionnaires and an MRI scan. Home-kit saliva samples
	1. Testosterone level
2. Estradiol level
3. PDS score
4. RQ score
5. Age 
	Higher testosterone levels was linked to higher levels of risk taking. Both hormones contribute indirectly. 
	Further research is needed outside of a laboratory setting for individual differences. Indicates texting may be possible for biomarkers.
	The risk-taking items were not applicable to the real world and the results are up to interpretation which is risky. 

	Braams et al, (2015)

The Netherlands
	299 male participants, age 8-26

neural responses to reward, puberty and risky behaviours
	Longitudinal study over 2 years. MRI scans, PDS, BART and BAS/BIS questionnaire. Saliva samples
	1. Age
2. PDS score
3. Testosterone
4. BAS score
5. BIS score
6. BART score
7. Time point
	Longitudinal peak in nucleus accumbens activity to rewards. Individual differences seen
	Future research should determine which factor lead to stabilization of the reward system to reduce risky behaviours
	They did not parametrically manipulate rewards and losses to distinguish between drives for activities

	Rosenblitt et al, (2001)

USA
	68 males and 75 females.

Sensation seeking and hormones in men and women
	SSS-V self-report scale, with 4 subscales, saliva samples  
	1. Gender
2. SSS-V
3. Saliva sample
4. age
	Testosterone levels were higher in males and subsequently so were sensation seeking behaviours. No significant relationship between testosterone and sensation seeking directly.
	Theory based interdisciplinary research should be done to improve the understand of biological influences on human behaviour. Controls for gendered expectations should be included. 
	Could not control for social and religious values towards risk and sensation seeking behaviours. Not representative of college students all across America or men and women retrospectively. 

	De Macks et al (2011)

The Netherlands and USA

	17 males and 33 females aged 10-16

testosterone, ventral striatum activation and monetary rewards
	PBIP and PBIP self-report scales, saliva samples, fMRI and Jackpot Gambling task 
	1. gender
2. risk-taking condition
3. estradiol level
4. testosterone level
5. DHEA levels
6. PDS score
7. PBIP score
	Higher Testosterone levels in boys and girls linked to increased reward-related activation. Higher estradiol in girls linked to increase reward-related activation.  
	Gonadal hormones such as testosterone and estradiol are linked to neural response of increased reward sensitivity. There was more robust result for boys than girls. 
	Age was correlated with puberty and testosterone maybe confounding the relationship between testosterone and striatum activation. 

	Campbell et al (2010)

USA

	98 male participants aged 18-23

testosterone exposure, dopaminergic reward and sensation seeking
	Saliva samples, a questionnaire, sensation seeking scales and background information all collected. Then a facial photograph and scans of hands. 
	1. SSS scores
2. Frontal facial photographs
3. 2D:4D hand scans
4. DNA samples
5. Testosterone levels
6. Ethnicity
7. Age
8. Sexual orientation
9. DRD4 gene
	Testosterone levels linked to boredom susceptibility Increased testosterone linked to less storage of dopamine and more sensation seeking. 
	Testosterones link to sensation seeking could be via genetic quality not dopamine levels. More research should be done on the dopaminergic reward system and using fMRI for androgen impacts.
	Was unable to determine the specific link and therefore relationship between testosterone and sensation seeking. 

	Kerschbaum et al (2006)

Austria 

	19 female and 23 male participants aged 17-19 years old

Gender differences in sensation seeking and social interaction due to testosterone in adolescents.
	Saliva testosterone taken and sensation seeking questionnaires done on SSS-V, anxiety and social interactions.
	1. Testosterone levels
2. Zuckerman’s SSS-V questionnaire
3. Gender
4. Examination

	No significant relationship between anxiety and testosterone. No correlation between testosterone and SSS-V scores for males but is for females. 
	Men react to stressors with fight or flight and women react with tend and befriend. Gender dependant correlation found here. Girls with high testosterone are highly likeable by peers.
	Discrepancies between this study and previous findings due to using different paradigms. Possibly inconsistent.


	Peper et al, (2018) 

Netherlands
	299 male and female participants aged 8-26

multifaceted risk taking relationship with sex steroid hormones
	Longitudinal study done over 3 time points measuring risk taking and impulsiveness personality types against testosterone and estradiol
	1. BART money score
2. BART explosions score
3. BIS-11 score
4. BIS avoidance score
5. BAS approach score
6. BPA-Q score
7. NEO_PI score
8. Testosterone levels
9. Estradiol levels
10. Gender
11. Time point
	Estradiol is not associated with risk taking in males. Estradiol and testosterone had no impact on risk taking in females. Higher testosterone in males linked to impulsive personalities but nothing else.
	Non-linear age related patterns in risk-taking behaviours. Salivary testosterone is a biomarker for developmental processes and estradiol is a biomarker for individual differences. Testosterone accelerates maturational processes.  
	They used participants undergoing puberty as well as ones who had surpassed it. Participants were paid a fee to participate. BART task and delayed discounting task don’t represent real life risk taking. 

	Peper et al (2013)

Netherlands 
	268 male and female participants aged 8-25 years old 

contributions from testosterone and orbito-frontal cortex to risk taking in adolescents.
	The participants underwent hormonal sampling, neuroimaging sessions and behavioural testing within different pubertal groups testing for age vs pubertal development. 
	1. Age
2. PDS
3. Testosterone level
4. BART explosions score 
5. BART money score
6. Estimated IQ 
	BART risk taking scale associated with pubertal development. Higher testosterone was linked to more explosions on BART. Males have more explosions of risk taking than females. 
	More longitudinal studies are needed to show development of OFC and its protective effect on risk-taking. First study to show testosterone contributes to risk taking due to medial OFC morphology. Sheds light on hormonal development over age. 
	Testosterone gender differences may be due to natural variation which wasn’t considered. This also makes testosterone more reliable to measure. PDS may be a better indicator for risk taking for girls than testosterone. 

	Braams et al (2016)

Netherlands

	Male and female participants aged 8-27 years old 

Nucleus accumbens response to rewards and testosterone levels related to alcohol use in adolescents and young adults
	Longitudinal study over 2 time points recruited through newspapers. Completed questionnaires and saliva samples as well as experimental tasks in a lab.
	1. Age
2. Testosterone levels
3. Left nucleus accumbens
4. Right nucleus score accumbens score
5. Average glasses a night
6. Average glasses a month
7. Total lifetime glasses.
	Right nucleus accumbens and testosterone predicted consumption of alcohol. Testosterone at the first point predicted alcohol usage at the second time point per month
	Nucleus accumbens activation for reward seeking is linked to alcohol usage. Confirmed relationship between neural activation and risk taking. Testosterone showed predictive relationship of alcohol 2 years later. 
	Self-report measures used so not as reliable. Large variation for participants measuring month by month on circumstances e.g. more parties/events. Risk-taking is too broad to be a singular category and should’ve been broken down.

	Mehta et al, (2015)

USA
	Study 1-115 Male and female students aged 18-30.
Study 2- 165 male students aged 18-30

Testosterone and cortisol jointly modulate risk-taking
	2 studies, one using both sexes, one using only males. Study 1 did self-report tasks, informant reported tasks and saliva samples. Study 2 did self-report tasks and saliva samples. 
	1. Zuckerman’s impulsive sensation seeking scale. 
2. Cortisol levels
3. Testosterone levels
4. Informant reports 
5. Age 
6. Gender
7. Time of saliva sample
	Significant relationship between high testosterone, low cortisol and self-reported risk taking. No relationships found when cortisol is high. Significant relationship between testosterone cortisol and informant reports. No gender differences 
	Consistent positive relationships between testosterone and risk taking when cortisol is low. Small effect size when cortisol is high suggesting cortisol is a mediating factor between testosterone and risk-taking in both sexes. 
	Non-adolescent age range so testosterone isn’t dependant on puberty. Hormone samples were taken at different times of the day according to participants. Can’t be sure that testosterone and cortisol are a direct link to risk-taking behaviours due to endogenous hormone concentrations.

	Cardoos et al (2017)

USA


	63 females aged 10-14 years old with ethnically diverse backgrounds. High socioeconomic status

social status strategy in early adolescent girls. Testosterone and value-based decision making. 
	One lab visit doing questionnaires and tasks. Parents did Child behaviour checklist and girls did an at home salivary sample collection. Given 20 dollars and pries
	1. Age
2. WISC_IV Vocabulary
3. Socioeconomic status
4. Pubertal development scale
5. Testosterone levels
6. Estradiol levels. 
7. Auction task. 
	Self-reported pubertal development and testosterone both predicted overbidding on auction task. Estradiol had no significant impact.
	Additional evidence here for association between pubertal development and girls drive for social status. Additional research needed into specific pathway from puberty development to hormones. 
	Value based decisions rather than sensation seeking decisions. Monetary reward issued. Self-report measure of puberty used to obtain limited reliability. Needed to be a longitudinal study. 

	Stanton et al, (2010)

USA
	154 students from Michigan University both male and female. Mostly white population mean age of approx. 20 years old. 

Testosterone and risk taking in the Iowa gambling task.
	Providing consent at the lab. Study done via computer programs. Personality questionnaires, 2 cognitive tasks and a salivary sample was taken. Completed Iowa gambling task. 
	1. Gender
2. Testosterone levels
3. IGT
4. Personality questionnaire
5. Cognitive tasks

	Higher testosterone individuals took greater risk than low testosterone individuals. Testosterone associated with greater risk taking similar results in both genders but not significant for men when tested separately. 
	Endogenous testosterone positively associated with increases in risk taking among men and women. Low testosterone individuals avoided monetary punishment via loss. Higher testosterone equals higher economic risk taking. Matches real world domains e.g. investors. 
	Only used a single task for economic risk taking so not generalise able. Didn’t examine estradiol even though there was cause to. Gender differences were not investigated enough. 
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Part 1: Mixed Methods Appraisal Tool (MMAT), version 2018

Category of stud - o Responses
desiggnsry Y Methodological quality criteria Yo TN | Conrtiell | Comments
Screening questions | L. Are there clear rescarch questions?
(for all types) $2. Do the collected data allow to address the rescarch questions?
Further appraisal may not be feasible or appropriate when the answer is No” or “Can't tell 1o one or both screening questions

1. Qualitative

1.1 Is the qualitative approach appropriate to answer the research question?

1.2. Are the qualitative data collection methods adequate to address the rescarch question?

1.3. Are the findings adequately derived from the data?

1.4. Is the interpretation of results sufficiently substantiated by data?

1.5.Is there coherence between qualitative data sources, collection, analysis and interpretation?

2. Quantitative
randomized controlled
trials

2.1. Is randomization appropriately performed?

2.2. Are the groups comparable at baseline?

2.3. Are there complete outcome data?

2.4. Are outcome assessors blinded to the intervention provided?

2.5 Did the participants adhere to the assigned intervention?

3. Quantitative non-
randomized

3.1. Arc the participants representative of the target population?

3.2 Are measurements appropriate regarding both the outcome and intervention (or exposure)?

3.3. Are there complete outcome data?

3.4. Are the confounders accounted for in the design and analysis?

3.5, During the study period, is the intervention administered (or exposure occurred) as intended?

4. Quantitative
descriptive

4.1 Is the sampling strategy relevant to address the research question?

4.2.Ts the sample representative of the target population?

4.3. Are the measurements appropriate?

4.4. Is the risk of nonresponse bias low?

4.5.Is the statistical analysis appropriate to answer the rescarch question?

5. Mixed methods

5.1. Is there an adequate rationale for using a mixed methods design to address the rescarch question?

5.2. Are the different components of the study cffectively integrated to answer the rescarch question?

5.3. Are the outputs of the integration of qualitative and quantitative components adequately interpreted?

5.4. Are divergences and inconsistencies between quantitative and qualitative results adequately addressed?

5.5. Do the different components of the study adhere to the quality criteria of each tradition of the methods involved?
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‘ PRISMA 2020 Checklist

tion
s Checklist item re item
P reported
TITLE
Title [ 1] identiy the report as a systematic review.
ABSTRACT
Abstract | 2] See the PRISMA 2020 for Abstracts checklist.
INTRODUCTION
Rationale 3 | Describe the rationale for the review in the context of existing knowledge.
Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses.
METHODS
Eligibilty crteria 5 | Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses.
Information 6 | Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identfy studies. Specify the
sources date when each source was last searched or consulted.
Search strategy 7 | Present the full search strategies for all databases, registers and websites, including any filters and limits used.
Selection process | 8 | Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers screened each record
and each report retrieved, whether they worked independently, and if applicable, details of automation tools used in the process.
Data collection 9 | Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether they worked
process independently, any processes for obtaining or confirming data from study investigators, and if applicable, details of automation tools used in the
process.
Data tems 10a | List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome domain in each
study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which results to collect.
10b | Listand define al other variables for which data were sought (e.g. participant and intervention characteristics, funding sources). Describe any
assumptions made about any missing or unclear information.
Study risk of bias | 11 | Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many reviewers assessed each
assessment study and whether they worked independently, and if applicable, details of automation tools used in the process.
Effect measures. 12 | Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results.
Synthesis 13a | Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention characteristics and
methods comparing against the planned groups for each synthesis (item #5)).
13b | Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statistics, or data
conversions.
13¢ | Describe any methods used to tabulate or visually display results of individual studies and syntheses.
13d | Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta-analysis was performed, describe the
model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used.
43¢ | Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-regression).
131 | Describe any sensitivity analyses conducted to assess robustness of the synthesized results.
Reporting bias 14 | Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases).
assessment
Certainty 15 | Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome.

assessment
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' PRISMA 2020 Checklist

RESULTS
Study selection | 16a | Describe the results of the search and selection process, from the number of records identified in the search to the number of studies included in
the review, ideally using a flow diagram.
16b | Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.
Study 17 | Cite each included study and present its characteristics.
characteristics
Risk of bias in 18 | Present assessments of risk of bias for each included study.
studies
Results of 19 | For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and its precision
individual studies (e.g. confidence/credible interval), ideally using structured tables or plots.
Results of 20a | For each synthesis, briefly summarise the characteristics and risk of bias among contributing studies.
syntheses 20b | Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its precision (e.g.
confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction of the effect.
20c | Present results of all investigations of possible causes of heterogeneity among study results.
20d | Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results.
Reporting biases | 21 | Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed.
Certainty of 22 | Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed.
evidence
DISCUSSION
Discussion 23a | Provide a general interpretation of the results in the context of other evidence.
23b | Discuss any limitations of the evidence included in the review.
23c | Discuss any limitations of the review processes used.
234 | Discuss implications of the results for pracice, policy, and future research.
OTHER INFORMA
Registration and | 24a | Provide registration information for the review, including register name and registration number, or state that the review was not registered.
protocol 24b | Indicate where the review protocol can be accessed, or state that a protocol was not prepared.
24c | Describe and explain any amendments to information provided at registration or in the protocol.
Support 25 | Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review.
Competing 26 | Declare any competing interests of review authors.
interests
Availability of 27 | Report which of the following are publicly available and where they can be found: template data collection forms; data extracted from included
data, code and studies; data used for all analyses; analytic code; any other materials used in the review.

other materials
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Criteria Yes No  Other
(cD,

NA)*

1. s the review based on a focused question that is adequately
formulated and described?

2. Were eligibility criteria for included and excluded studies predefined
and specified?

3. Did the literature search strategy use a comprehensive, systematic
approach?

4. Were titles, abstracts, and full-text articles dually and independently
reviewed for inclusion and exclusion to minimize bias?

5. Was the quality of each included study rated independently by two
or more reviewers using a standard method to appraise its internal
validity?

6. Were the included studies listed along with important characteristics
and results of each study?

7. Was publication bias assessed?

8. Was heterogeneity assessed? (This question applies only to meta-
analyses.)
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