Table 1: Search Strategy in Databases
	Syntax
	Database

	((((TI=(Early Intervention)) OR TI=(Intervention)) OR TI=(Education)) OR TI=(prevention Program*)) OR TI=(Program*)) OR ((((AB=(Early Intervention)) OR AB=(Intervention)) OR AB=(Education)) OR AB=(prevention Program*)) OR AB=(Program*)) AND (TI=(sexual health) OR AB=(sexual health)) AND ((((TI=(Adolescent*)) OR TI=(Teenager*)) OR TI=(Youth)) OR TI=(Teen)) OR TI=(young adult*))  OR (((AB=(Adolescent*)) OR AB=(Teenager*)) OR AB=(Youth)) OR AB=(Teen)) OR AB=(young adult*))
	Web of Science

	(((((((Early Intervention[Title/Abstract]) OR (Intervention[Title/Abstract])) OR (Education[Title/Abstract])) OR (prevention Program[Title/Abstract])) OR (Program[Title/Abstract])) OR ("Early Intervention, Educational"[Mesh])) AND (("Sexual Health"[Mesh]) OR (sexual health[Title/Abstract]))) AND ((("Adolescent"[Mesh]) OR (((((Adolescents[Title/Abstract]) OR (Teenagers[Title/Abstract])) OR (Youth[Title/Abstract])) OR (Teenagers[Title/Abstract])) OR (Teen[Title/Abstract]))) OR ((young adults[Title/Abstract]) OR ("Young Adult"[Mesh])))
	PubMed

	( TITLE-ABS-KEY ( early AND intervention* ) OR title-abs KEY ( intervention* ) OR TITLE-ABS-KEY ( education ) OR title-abs KEY ( prevention AND program* ) OR TITLE-ABS-KEY ( program* ) ) AND ( TITLE-ABS-KEY ( sexual AND health ) ) AND ( TITLE-ABS-KEY ( adolescent* ) OR title-abs KEY ( teenager* ) OR TITLE-ABS-KEY ( youth ) OR title-abs KEY ( young AND adult* ) OR TITLE-ABS-KEY ( teen ) )
	Scopus















Table 2: Characteristics of included reviews in the umbrella review
	Row
	Authors, Year
	Participants
	Type of Studies
	Type of Intervention
	Setting
	Clinical and Biological Outcomes

	1
	Kim CR, et al. 2008
	Adolescents (10–19 years)
	Quasi-experimental, randomized controlled trials
	Peers
	School, community based
	Pregnancy or STI occurrence

	2
	Lazarus JV, et al. 2010
	Young people (10–24 years)
	Randomized controlled trials, quasi-experimental, pre- and post-intervention study
	Teachers, peers, health professionals
	Schools, clinics, community
	Taking STI tests and/or using STI services

	3
	Tolli MV. 2012
	Young people (10–24 years)
	Randomized controlled trials, non-randomized controlled, before-and-after study
	Peer educators
	School
	Unintended pregnancy and STDs

	4
	Cardoza VJ, et al. 2012
	Adolescents (11–21 years)
	Randomized controlled trial design, quasi-experimental design
	Interventions promoting sexual abstinence, pregnancy prevention, STI prevention, and/or HIV/AIDS prevention
	Schools, community venues, homes
	Rates of STIs, and/or pregnancy

	5
	Salam RA, et al. 2016
	Adolescents and youth (11–24 years)
	Randomized, quasi-randomized, and before/after studies
	Multiple approach
	School, clinic, home, community, text, telephone
	Sexual and reproductive health outcomes

	6
	Sani AS, et al. 2016
	Students (below 25 years)
	Randomized/non-randomized controlled trials
	School-based
	School, out-of-school, community, health centers
	Preventing sexually transmitted infections

	7
	Mon Kyaw Soe N, et al. 2018
	Students
	Pre-post control/treatment designs
	Face-to-face and technology-based, peer, trained staff
	Educational settings
	STI/HIV testing

	8
	Sun WH, et al. 2018
	Adolescent (under 24 years)
	Randomized/non-randomized trials, before-after studies
	Peer educators
	Online, school, university, training camps, community centers
	HIV/STI prevention

	9
	Hammarström S, et al. 2018
	Young people (0–20 years)
	Randomized controlled trials, quasi-experimental designs
	Group-based education, treatment foster care, individual counseling
	Youth detention center, correctional center, foster care, shelter
	Changes in sexual or reproductive health

	10
	Ware S, et al. 2019
	Black women (over 14 years)
	Randomized controlled trial
	Individual-level health assets, community-level assets
	Individual-level, community-level assets
	Prevalence or incidence of HIV/STIs

	11
	Desrosiers A, et al. 2020
	Adolescent and young adult (13–29, 10–49 years)
	Randomized controlled trials, pilot RCTs, quasi-experimental
	Effect of HPV vaccination
	Schools, community centers, health facilities, refugee camps, communities
	Contraception and condom use skills, HIV/STI prevention and education, SRH knowledge and education, gender-based violence education, sexual self-efficacy

	12
	Kedzior SG, et al. 2020
	Adolescents (10–19 years)
	RCTs, non-RCTs, controlled before-after, interrupted time series
	Teachers, peers, parents, mentors, out of school professionals
	School
	Reproductive health, sexual health, contraception use, risk of adolescent pregnancy and birth, rates of STIs

	13
	Evans R, et al. 2020
	Adolescents (mean age ≤18 years)
	Experimental/quasi-exp
	Family, community, school-based interventions
	Community center, school, clinic
	Biological outcomes: Pregnancy, STI contraction

	14
	Laurenzi CA, et al. 2021
	Adolescents and young people (10–24 years)
	Types of randomized trials
	Interpersonal (counselling, motivational interviewing, CBT); informational
	Clinic, home, university, community, digital
	Adherence to ART, ART knowledge, retention in care, Viral load levels, Viral suppression, Undetectable viral load

	15
	Muheriwa Matemba SR, et al. 2021
	Youth (10–24 years)
	RCTs, Quasi-Experimental, Retrospective cohort, Qualitative
	Health-related intervention (HIV prevention/care, ART adherence, disclosure, etc.)
	Clinics, home, community
	Adherence to treatment, sexual health, reproductive health, physical health

	16
	Jegede OE, et al. 2022
	Children and Adolescents (2–18 years), Young adults (18–30 years)
	Cross-sectional, retrospective cohort, prospective cohort
	Community, mhealth
	Healthcare settings, community, school
	Improved adherence, better retention in care, viral load suppression

	17
	Opara I, et al. 2022
	Adolescent
	Quasi experimental, RCT, longitudinal RCT, prospective cohort
	Interventions to reduce drug use, STI, and/or pregnancy
	Community-based, computer, online, clinics, schools, TV/radio
	Decreasing behaviors linked to STI/HIV risk

	18
	Neelan T, et al. 2023
	Youth (14–24 years)
	Randomized controlled trials, quasi-experimental design
	Educational
	Clinic/family planning services, colleges, universities, school
	STI and pregnancy diagnoses

	19
	Yang Y, et al. 2023
	Adolescents (10–19 years) or unmarried young adults (20–25 years)
	Cross-sectional, multiple regression, Longitudinal
	Social processes and mechanisms within the community
	Home, community, school
	Risky sexual behavior, HIV risk index








Table 3: Analyzing the differential effects of various interventions on biological and clinical outcomes.
	

	Intervention Category
	Specific Intervention
	Outcome
	Impact
	Notes

	Technology/Hybrid
	Face-to-face and technology-based, peer, trained staff or psychologist
	HIV/STI testing 
	Positive Impact
	While testing rates (as intermediate outcome) improved, the table notes that interventions generally had a stronger effect on knowledge and motivation than on biological endpoints.

	School-Based
	School-based sexual health education
	Incidence or prevalence of HIV and Herpes Simplex Virus 2 (HSV-2)
	No Significant Impact
	Despite improving behavioral outcomes like condom use in the short/mid-term, these improvements did not translate into a statistically significant reduction in biological infection rates.

	School-Based/Media
	Education/information, skills training, provision of resources, mass media, counselling, social support
	Pregnancy
	No Significant Impact
	Although knowledge outcomes favored the intervention group, this did not translate into a significant reduction in pregnancy rates at the biological level.

	Peer-Led
	Peer-led adolescent sexual health education
	HIV, adolescent pregnancy
	No Significant Benefit
	Overall evidence does not convincingly show peer-led education improves adolescent sexual outcomes (biological/behavioral).

	Peer-Led
	Peer-led and teacher-led interventions
	STI incidence (Implied via behavior)
	Limited Impact
	Impact on actual sexual behavior is limited; most models didn’t clearly reduce risky behaviors. Only 3 out of 19 studies reported significant behavioral improvements.

	Peer-Led
	Peer education interventions
	HIV, adolescent pregnancy
	No Clear Evidence
	Review of EU countries concluded that while peer education is popular, there is limited evidence of its effectiveness in preventing biological outcomes like HIV infection or pregnancy.

	Interpersonal
	Interpersonal (counselling, motivational interviewing, CBT) or informational
	Viral load, viral suppression, undetectable viral load
	Mixed Impact
	Interventions affected viral load but did not significantly achieve undetectable viral load or viral suppression.

	Family/Community
	Family, community, school-based interventions (in-person, media, computer, videos)
	Pregnancy, STI contraction
	No Significant Impact
	Although interventions significantly improved abstinence and condom use (behavioral) and psychological outcomes (knowledge, self-efficacy), they failed to produce significant changes in biological endpoints like pregnancy or STI rates.

	Asset-Based
	Interventions addressing individual and community level health assets
	Risky sexual behaviors (Indirect link to biological)
	Indirect Impact
	Advanced negotiation follow-up significantly reduced risky sexual behaviors. While the primary reported outcomes were negotiation skills and knowledge, the reduction in risky behaviors suggests a potential pathway to improving biological outcomes.








	Table 4: Frequency and distribution of biological and clinical outcomes in included reviews (n=19)

	Biological Outcome Category
	Specific Outcomes Reported
	Number of Studies (Frequency)
	Percentage (%)

	Pregnancy & Reproductive Health
	Pregnancy occurrence, Unintended pregnancy, Birth rates
	9
	47.4%

	Sexually Transmitted Infections (STIs)
	STI incidence (General), Chlamydia, Gonorrhea, HSV-2, HPV
	12
	63.2%

	HIV Specific
	HIV incidence, HIV risk index, HIV testing
	8
	42.1%

	Viral Markers (Clinical)
	Viral load, Viral suppression, Undetectable viral load
	3
	15.8%

	General Clinical/Service Uptake
	STI testing uptake, Service utilization
	2
	10.5%


(Note: Since some studies investigated multiple outcomes, the total percentage exceeds 100%.)


