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Abstract

Objectives: School-based sex education is a cornerstone of HIV prevention for adolescents who continue to bear a
disproportionally high HIV burden globally. We systematically reviewed and meta-analyzed the existing evidence for school-
based sex education interventions in low- and middle-income countries to determine the efficacy of these interventions in
changing HIV-related knowledge and risk behaviors.

Methods: We searched five electronic databases, PubMed, Embase, Psycinfo, CINAHL, and Sociological Abstracts, for eligible
articles. We also conducted hand-searching of key journals and secondary reference searching of included articles to identify
potential studies. Intervention effects were synthesized through random effects meta-analysis for five outcomes: HIV
knowledge, self-efficacy, sexual debut, condom use, and number of sexual partners.

Results: Of 6191 unique citations initially identified, 64 studies in 63 articles were included in the review. Nine interventions
either focused exclusively on abstinence (abstinence-only) or emphasized abstinence (abstinence-plus), whereas the
remaining 55 interventions provided comprehensive sex education. Thirty-three studies were able to be meta-analyzed
across five HIV-related outcomes. Results from meta-analysis demonstrate that school-based sex education is an effective
strategy for reducing HIV-related risk. Students who received school-based sex education interventions had significantly
greater HIV knowledge (Hedges g=0.63, 95% Confidence Interval (Cl): 0.49-0.78, p<<0.001), self-efficacy related to refusing
sex or condom use (Hedges g=0.25, 95% Cl: 0.14-0.36, p<<0.001), condom use (OR=1.34, 95% Cl: 1.18-1.52, p<<0.001),
fewer sexual partners (OR=0.75, 95% Cl:0.67-0.84, p<<0.001) and less initiation of first sex during follow-up (OR =0.66, 95%
Cl: 0.54-0.83, p<<0.001).

Conclusions: The paucity of abstinence-only or abstinence-plus interventions identified during the review made
comparisons between the predominant comprehensive and less common abstinence-focused programs difficult.
Comprehensive school-based sex education interventions adapted from effective programs and those involving a range
of school-based and community-based components had the largest impact on changing HIV-related behaviors.
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Introduction numbers of young people in an environment already equipped to
facilitate educational lessons and group learning [3].

Contentious debates have raged in the past decade regarding
whether abstinence-only or comprehensive sexual education
interventions are effective and appropriate. Abstinence-only
interventions promote delaying sex until marriage with little to
no information provided about contraceptives or condom use,
whereas comprehensive sexual education provides information on
abstinence as well as information on how to engage in safer sex
and prevent pregnancies and sexually transmitted infections
(STIs). In the 1990s various groups in the United States invested
in abstinence-only education, and with the creation of the
youth about sexual activity given their ab1hty to reach large President’s Emergency Plan for AIDS Relief (PEPFAR) in 2004,

money was earmarked for “ABC” programs (abstain, be faithful,

Worldwide, young people aged 15-24 accounted for almost half
of all new HIV infections among individuals aged 15 and older in
2010 [1]. School-based sex education is an intervention that has
been promoted to increase HIV-related knowledge and shape
safer sexual behaviors to help prevent new infections among this
vulnerable group. As sexual debut is common in adolescence, so
are the associated risks of engaging in transactional sex, having
multiple concurrent partnerships, and experiencing sexual vio-
lence and coercion, all of which increase HIV-related risk [2].
School-based interventions are logistically well-suited to educate
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use condoms), with a heavy emphasis on the “A” component, to
be implemented in low- and middle-income countries most
impacted by HIV [4]. Critics of abstinence-only education claim
that it violates human rights by withholding potentially life-saving
information from people about other means to protect themselves
from HIV, such as condom use [5]. Others argue that abstinence
is only a viable option for those who are able to choose when, how,
and with whom to have sex, which is not always the case for many
young women [6]. Additionally, promoting abstinence until
marriage excludes gay children and adolescents who have no
option for marriage in most countries. As an alternative,
comprehensive school-based sex education programs present
participants with all prevention options, including condom use
and partner reduction. Abstinence-plus interventions present
prevention options as hierarchical with abstinence being presented
as the only strategy that completely eliminates HIV/STT risk.

Previous research has been conducted on the effectiveness of
youth-oriented HIV prevention and sex education interventions in
school settings. A review of 35 school-based sex education
programs by Kirby and Coyle [7] found that abstinence based
programs had no significant effect on delaying sexual debut, while
some comprehensive programs were effective in reducing certain
sexual risk behaviors. Gallant and Maticka-Tyndale [3] reviewed
11 school-based HIV education programs in Africa and concluded
that most studies had an effect on either increasing HIV-related
knowledge or changing attitudes or behaviors relating to sexual
risk. Paul-Ebhohimhen et al. [8] systematically reviewed 10
school-based sex education studies implemented in sub-Saharan
Africa and noted that interventions were more likely to report
changes in knowledge as opposed to changes in sexual behavior.
Speizer et al. [9] reviewed 41 adolescent reproductive health
interventions in developing countries, including 22 based in
schools, and found that the majority of school-based interventions
(17/21) demonstrated improved HIV-related knowledge. Chin et
al. [10] conducted parallel systematic reviews and meta-analyses of
comprehensive and abstinence-only educational interventions and
found that comprehensive sex education programs significantly
reduced HIV, STI, and unintended pregnancies, but results for
the abstinence-only review were inconclusive.

However, few reviews have attempted to quantitatively synthe-
size the effects of school-based interventions on HIV-related risk
behaviors across studies, and no review to date has attempted to
compare the effectiveness of abstinence-only or abstinence plus
interventions with comprehensive sex education in low- and
middle-income countries. Therefore, the current review seeks to
address this gap by conducting a systematic review and meta-
analysis on the efficacy of school-based sex education interven-
tions, including abstinence-only/abstinence-plus and comprehen-
sive sex education programs, in changing HIV-related knowledge
and risk behaviors in low- and middle-income countries. This
review sought to answer the following research question: Does
participating in school-based sex education vs. not participating in
school-based sex education reduce HIV-related risk behaviors
among youth in low- and middle-income countries?

Methods

This review is part of a large systematic review and meta-
analysis project, called The Evidence Project, which is a joint
collaboration between investigators at the Medical University of
South Carolina and the Johns Hopkins Bloomberg School of
Public Health. The Evidence Project reviews the efficacy of
behavioral HIV prevention interventions in low- and middle-
income countries. Other reviews published with this project
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include topics such as voluntary counseling and testing [11,12],
provider-initiated testing and counseling [13], condom social
marketing [14], behavioral interventions for people living with
HIV [15], peer education [16], psychosocial support [17], mass
media [18], and treatment as prevention [19]. This review used
standardized data abstraction forms and procedures that have
been employed in all reviews published as part of The Evidence
Project, although no standalone protocol has been published
specifically for this review. Additionally, we followed standard
systematic review and meta-analysis procedures set forth in the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [20].

Definition and Inclusion Criteria

School-based sex education was defined as programs designed
to encourage sexual risk reduction strategies for HIV prevention
delivered in school settings. This definition allowed for the
inclusion of abstinence-only, abstinence-plus, and comprehensive
sex education programs. Studies included in the review had to
meet the following criteria: conducted in a low- or middle-income
country as defined by the World Bank [21]; published in a peer-
reviewed journal from January 1, 1990 to June 16, 2010; presented
results of pre-post or multi-arm experimental design and analysis
of outcome(s) of interest; and involved an HIV prevention
intervention administered in a school setting that encouraged
one or more sexual risk reduction strategies, including abstinence,
condom use, or partner reduction.

There were no restrictions on language; eligible non-English
articles were translated by consultants fluent in English and the
language in which the article was written. Participant age was also
not restricted. Therefore, studies across a variety of educational
settings, from primary schools through college and vocational
schools, were included. Additionally, in order to include as many
studies as possible, a wide range of study designs were eligible for
inclusion: randomized controlled trials (both individual and
cluster-randomized, i.e., school or classroom), non-randomized
controlled trials, prospective or retrospective cohorts, time-series,
before-after, case-control, cross-sectional, and serial cross-sectional
studies.

Search strategy

Our search strategy involved three methods. First, five
electronic databases, including PubMed, PsycInfo, EMBASE,
CINAHL, and Sociological Abstracts, were searched using a
combination of terms for sex education, schools/youth, and HIV
or AIDS (full list available from the authors upon request). The
search was limited to a date range of January 1, 1990 to June 16,
2010. We also searched the table of contents of AIDS, AIDS Care,
AIDS and Behavior, and AIDS Education and Prevention for relevant
citations. Finally, we searched the reference lists of all included
studies for additional eligible studies. This process was iterative
and continued until no additional studies were identified.

Trained research assistants conducted an initial screening of all
citations and excluded studies clearly not relevant to school-based
sex education. Two senior study staff members then independently
screened all remaining citations and categorized studies as eligible
for inclusion, not eligible for inclusion, or questionable. Discrep-
ancies in categorization were resolved through consensus. Full
article texts were obtained and discussed by senior researchers to
ascertain eligibility if questionable. Articles were retained and
included as background studies if they failed to meet the inclusion
criteria but still contained information relevant to school-based sex
education in low- and middle-income countries, including prior
reviews, cost-effectiveness analyses, and qualitative studies.
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Data Abstraction

The following data were abstracted from each eligible study
using standardized forms: location, year(s) of study implementa-
tion, study setting, study population, sample size, study design,
sampling frame and sampling methods, description of the
intervention, composition of intervention and control groups (if
applicable), length of follow-up, description of outcomes, effect
sizes, confidence intervals, statistical tests employed, and study
limitations. Two trained research assistants independently ab-
stracted data from each study; any discrepancies were resolved
through consensus. Data were double entered into EpiData
version 3.1 (EpiData Association, Odense, Denmark) and later
exported to an SPSS database (IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY).

We also evaluated the methodological rigor of studies to assess
risk of bias based on the following criteria: whether the study 1)
included a cohort of participants, 2) had a control and
experimental/intervention group, 3) compared baseline demo-
graphic equivalence of control and intervention groups, 4)
compared outcome measures between control and intervention
groups at baseline (if applicable), 5) contained both pre- and post-
intervention data, 6) randomly selected participants for assessment
(i.e. sampling strategy), 7) randomly assigned participants to the
intervention, and 8) maintained a follow-up rate of greater than

80%.

Selection of outcomes

Outcomes were chosen for meta-analysis based on relevance to
HIV prevention and frequency in available studies. The five most
commonly reported outcomes across studies were: HIV knowl-
edge, condom use, self-efficacy related to HIV prevention (e.g.,
confidence in refusing sex or confidence in using condoms during
sex), initiation of first sex, and number of sexual partners. All
outcomes were based on self-report. Studies containing at least one
of these outcomes were included in meta-analysis if they met the
following criteria:

1. Provided an estimate of effect size and its variance, or provided
statistics needed to calculate an effect size and variance. If
enough information was not provided to calculate an effect
size, study authors were contacted for clarification or additional
statistics. If study authors did not provide this information after
one month, the study was removed from the analysis.

2. Presented pre-post or multi-arm results comparing either
participants who received the intervention to those who did
not, or comparing outcomes before and after the intervention.
If results of a repeated measures analysis were reported,
authors needed to provide the correlation between pre-post
measurements or provide enough information to calculate the
correlation between measurements. If these statistics were not
available, either in publication or after request, and the study
was a controlled design, an effect size was generated using post-
intervention statistics provided groups were similar at baseline
with respect to the outcome of interest and other relevant
covariates.

3. Presented an outcome of interest that was measured in such a
way as to be comparable to outcomes assessed by other studies.
In other words, outcomes needed to be similar enough to
synthesize across studies.

4. Presented data based on an individual unit of analysis (studies
presenting classroom- or school-level data only were excluded
from meta-analysis).
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Meta-analysis

Using standard meta-analytic methods [22], we standardized
effect sizes as either Hedges’ ¢ (for continuous outcomes) or odds
ratios (for dichotomous outcomes). For several outcomes, including
HIV knowledge, self-efficacy, and number of sexual partners, both
continuous and dichotomous effect sizes were combined in meta-
analysis. In these instances, Comprehensive Meta-Analysis (CMA)
was used to either convert the standard mean difference into an
odds ratio when transforming the effect size from continuous to
dichotomous or vice versa using methods developed by Hasselblad
and Hedges [23]. This transformation assumes that the outcome
under study involves an underlying continuous trait with a logistic
distribution [24] and that outcomes are measured in relatively
similar terms, regardless of whether they are presented dichoto-
mously or continuously. For example, several studies reported
number of sexual partners as a dichotomous outcome, such as
having two or more partners in the past 6 months, whereas others
reported a mean number of partners. The same logic holds for
outcomes such as knowledge, where some studies presented
knowledge outcomes on a continuous scale whereas others created
a cut-off for “high” and “low” knowledge scores and presented
results as a proportion. Combining both dichotomous and
continuous effect sizes allowed us to utilize all available data.

CMA V.2.2 was used for all analyses [25]. Random effects
models were used as included studies contained considerable
heterogeneity of effects, and the purpose of the analysis was to
generate inferences beyond the set of included studies [26].

When possible, data were analyzed in several ways per outcome.
Stratifications by age, gender, instructor (e.g., teacher, peer, or
health care professional), intervention type (abstinence vs. com-
prehensive sex education), and length of follow-up were made
when three or more studies could be retained per category.
Additionally, when possible, we investigated the role of certain
characteristics of the data itself, including comparing differences
between continuous and dichotomous effect sizes and whether the
effect size was based on data collected pre-post intervention or
post-only. Mixed effects meta-regression techniques were used to
compare effect sizes across strata when possible. The 17 statistic
and its confidence interval were calculated for each meta-analysis
to describe inconsistencies in effect sizes across studies [24,27].
When possible adjusted effect sizes were used in the pooled
analyses; however, outcomes were most frequently reported in
unadjusted terms, thus the analyses contain both adjusted and
unadjusted effect sizes. Potential bias across studies, such as
publication bias and selective reporting, was assessed for the HIV-
related knowledge outcome by constructing a funnel plot. Funnel
plots were not constructed for the remaining meta-analyses
because there were too few studies to interpret the dispersion of
effect sizes across the range of standard errors.

Results

Description of studies

Of 6191 studies initially identified, 64 studies in 63 articles met
the inclusion criteria for this review (Figure 1). In five cases, more
than one article presented data from the same study [28-39]. If
articles from the same study presented different outcomes or
follow-up times, both articles were retained and included in the
review as one study [30,31,37,38]. If both articles presented
similar data, such as by providing an update with longer follow-up,
the most recent article or the article with the largest sample size
was chosen for inclusion [28,33,36,39].

Table 1 provides descriptions of included studies. The majority
of studies took place in sub-Saharan Africa (n=29, 45.3%).
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articles)
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® Not enough data presented to
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Figure 1. Disposition of citations during the search and screening process.

doi:10.1371/journal.pone.0089692.9001

Studies also took place in East Asia/Pacific (n=15, 23.4%),
Europe/Central Asia (n=2, 3.1%), Latin American/Caribbean
(n=16, 25.0%), and South Asia (n=4, 6.3%). The most
commonly used study design was a group randomized trial
(n=21), with schools or classrooms as the unit of randomization.
Other study designs included individual randomized controlled
trials (n=4), before-after studies (n=14), non-randomized indi-
vidual trials (n=2), non-randomized group trials (n=12), serial
cross-sectional studies (n=4), cross-sectional studies (n=135), and
two studies utilized a study design classified as “other” which
involved a hybrid of eligible study designs.
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Table 2 presents the methodological rigor assessment for
included studies. Regarding methodological rigor, forty-seven
studies used a control group, but only 18 studies reported whether
intervention and control groups were equivalent on socio-
economic variables at baseline, and only 14 reported whether
intervention and control groups were equivalent on outcome
measures at baseline.

Most studies included both male and female participants; three
studies evaluated school based sex education for girls only [40,42].
Most studies (n=56) took place among primary or secondary
school students, five studies were implemented among university
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students [43-47], two involved secondary and university students
[36,48], one study involved student nurses [49], and another
involved teacher trainees [50]. Ages of study participants ranged
from 9, for an intervention among 4t graders in Mexico [51], to
38, for an intervention among university students in Malaysia [44].
Of the 27 studies reporting a mean age of study participants, the
average age was 16.5 (SD= 2.7). Many studies included study
populations with a wide range of ages. The age range in six studies
spanned 10 years or more [52-55]. Generally, in studies
measuring sexual risk behaviors, only a small portion of students
in the study population were sexually active, thus substantially
reducing the sample size for these outcomes.

Nine studies either taught absti-
nence-only or emphasized abstinence or delay of sexual debut over
other risk reduction strategies among in-school youth
[29,33,40,41,55-60]. The remaining studies provided comprehen-
sive sex education.

Many studies reported using a variety of instructional formats to
convey information and generate discussion. For example, 35
studies used lectures, 34 employed interactive discussions, 30
incorporated role-plays, and 21 utilized skill-based sessions, such as
learning the steps involved in correct condom use. Use of media
such as videos and audio tapes was also common. Two studies
relied on drama, including creating plays and skits, for the bulk of
the intervention [61,62] and one study used a comic book to
impart information [63]. Two studies were internet-based [36,64]
and involved students completing online modules during school
hours at their own pace. Thirty three interventions reported
basing their intervention on theory. Theories commonly refer-
enced were Social Cognitive Theory, Health Belief Model, and
Theory of Reasoned Action.

Intervention content varied widely. Several interventions were
adapted from curricula that had been developed and implemented
elsewhere, such as the US-based “Focus on Kids” [31,38,43],
“Making Proud Choices” [41], and WHO’s “Responsible
Behavior: Delaying Sex” [40]. Other interventions worked with
local community members and health educators to develop
appropriate curricula. Forty-one studies included some form of
commnity involvement in the intervention, such as consulting with
parents and communities about what content could and could not
be included in the intervention [33,55,56,58,60,65-68]. Many
studies reported a reluctance by teachers, parents, and/or
communities to discuss or allow discussion of condoms during
the intervention [33,55,56,65,66,68]. Interventions commonly
addressed health-related issues in addition to HIV/AIDS preven-
tion (n=43), including reproductive biology (n=22), pregnancy
prevention (n = 16), STI prevention (n = 22), relationships (n = 10),
violence (n=1>5), and values clarification (n=15).

Intervention duration, location, and instructor
type. Interventions ranged from 2 or 3 hours in total [69,70]
to spanning multiple years and involving community-based
components such as the creation of a youth resource center,
youth-led condom distribution [30,37], and training healthcare
workers how to provide youth-friendly health information [68].
Most studies took place during the regular school day, although
several studies included alternate times for the school-based sex
education, such as having sessions on Saturdays [40] or after
school hours [31,38,60]. Interventions were facilitated by health
professionals, teachers, or peer educators, although several studies
involved a mix of facilitator types throughout the intervention.
The majority of studies took place in urban (n = 34) or peri-urban
settings (n=2). Only 3 studies specified that interventions took
place in rural areas, 14 studies were conducted in a mix of urban
and rural settings, and 11 studies did not provide enough

Content of interventions.
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information to determine the type of setting in which the
intervention took place.

Meta-analysis results

HIV/AIDS knowledge. HIV-related knowledge was the
most commonly reported study outcome. Of all included studies,
49 (76.6%) evaluated the effect of the intervention on HIV-related
knowledge. The measures used to assess HIV-related knowledge
varied by study but centered on aspects such as HIV biology, HIV
transmission, and HIV prevention. Some studies measuring HIV-
related knowledge were excluded from meta-analysis for not
controlling for baseline differences in socio-demographics or
outcome variables (n=3) [29,71,72], not providing enough data
to convert results into standardized effect sizes (n=18) [36,47—
50,56,57,62,63,65,69,73-78], presenting knowledge outcomes not
specifically related to HIV (n=2), such as asking students whether
they knew about HIV/AIDS [58], and measuring how many STIs
students correctly identified [66].

Twenty-six studies were included in the meta-analysis for
knowledge; results are presented in Table 3 and Figure 2.
Nineteen studies reported knowledge as a continuous outcome;
seven reported it dichotomously. In meta-analysis, dichotomous
outcomes were converted to standardized mean differences for
comparison across all studies. Random effects meta-analysis
suggests that students who were exposed to a sexual education
intervention were more knowledgeable of HIV and related topics
than youth who did not experience an intervention. The
standardized mean difference (Hedges’ g) was 0.63 with a 95%
confidence interval of 0.49 to 0.78, p<<0.001. Meta-regression
indicated no significant standardized mean difference when
comparing males and females (p = 0.194); however, only 3 studies
reported data disaggregated by gender with two additional studies
reporting on entirely female samples. Similarly there was no
significant difference in standardized mean knowledge score
differences comparing abstinence-focused to comprehensive sex
education interventions (p =0.501). When stratified by instructor
type, interventions led by health professionals (e.g. doctors, nurses,
or health educators), appeared to produce more knowledgeable
students than those led by either teachers, peers, or a mix of
different types of instructors (B =0.65, p =0.004). However, when
the two interventions implemented among college students were
removed [42,43], this effect was no longer significant.

When considering length of follow-up time, standardized mean
differences in knowledge scores were largest when data were
collected 3 to 11 months post-intervention compared to all other
categories of follow-up time (Hedges’ ¢=0.87, 95% CI 0.60-1.13,
p<<0.001). The smallest differences were seen when knowledge was
measured 3 months or less post-intervention (Hedges’ ¢=0.70,
95% CI: 0.43-0.97, p<<0.001). Studies with the shortest follow-up
time generally corresponded to studies of the shortest duration (=3
weeks). However, duration was difficult to measure due to wide
variations in length and intensity of intervention implementation.
Two studies evaluated the long-term effects (=3 years post-
intervention) of year-long interventions based in schools in
Tanzania [30] and Kenya [68]. The study from Tanzania found
that effects on knowledge remained significant after 3 years, but
limited sustained effects on behaviors were seen [30]. The study
from Kenya found significant improvements in HIV-related
knowledge 3 years post-intervention, although knowledge initially
appeared to decline in the period from pre-intervention to 18-
months [68]. Regarding type of measure used, studies measuring
knowledge as a dichotomous outcome generated smaller effect
sizes than studies measuring knowledge continuously; this differ-
ence was statistically significant (= —0.42, p=0.02).
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A funnel plot of the distribution of effect sizes by their standard
error (figure not shown) suggests that some bias exists across
studies as the plot was asymmetrical, indicating a possible
underdispersion of less precise effect sizes. Following the assump-
tion of normally distributed effect sizes across studies, finding more
studies demonstrating at least a null effect would be expected, but
finding studies showing a negative effect is less likely given the
nature of the outcome, knowledge. Given the wide range of scales
used to assess knowledge and the different facets of sexual
education being taught across interventions, the asymmetrical plot
could also be interpreted as presenting more evidence of a truly
heterogeneous effect of school-based sexual education on HIV-
related knowledge. The I? value also supports this hypothesis.

Self-efficacy. Twenty-two studies measured self-efficacy.
Fourteen of these studies were excluded from meta-analysis for
measuring general self-efficacy or self-efficacy not related to
condom use or sex refusal (n = 8) [41,46,51,64,71,79,80] or for not
providing enough data to convert to standardized effect size
measures (n = 6) [50,62,73,74,77,78]. The remaining eight studies
measured self-efficacy related to either sex refusal or condom use
and were included in meta-analysis [31,43,68,81-85]. All but one
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Table 3. Meta-analytic outcomes assessing associations between school-based sex education interventions and HIV/AIDS
knowledge, condom use, initiation of first sex, number of sex partners, and self-efficacy.
Outcome k Point Estimate (ES)® SE(ES)® Vi SEAA P 95% CI(A)
HIV/AIDS Knowledge®
Overall 26 0.63%** .07 97.6 97.1-98.0
By Instructor Type 26 0.63*** .07
Health 3 1.22%** .20 0.65** .07
Mix 10 0.46%*** 11 —0.27 .16
Peer 5 0.77%** 15 0.10 17
Teacher Only 8 0.59%** 1 —0.06 .16
By Follow-up Length 26 0.63*** .07
=3 Months 8 0.70%** 14 0.09 A7
3 to 11 Months 8 0.87%** 14 0.34 15
=12 Months 10 0.471%** 12 —0.38*% .16
By Age 26 0.64%* 08
Younger (=15) 7 0.58*** 48 —0.21 34
Older (>15) 9 0.98%*** 13 1.12%** .34
Wide Range 10 0.37** 12 —0.87** 31
Condom use®
Overall 12 1.34%** .06 29.2 0-63.4
Initiation of first sex®
Overall 6 0.66*** Al 62.1 7.6-84.4
Number of sex partners®
Overall 4 0.75%** .06 0 0-83.4
Self-efficacy®
Overall 8 0.25%** .06 73.2 45.4-86.9
Note. K=number of studies.
?Hedges’ g when continuous, odds ratio when dichotomous.
bStandard error of log odds ratio when outcome is dichotomous.
“Contrast between point estimate of given variable category and combined point estimate of remaining categories.
dContinuous measure.
“Dichotomous measure.
*p<<.05,
**p<.01,
*0tp< 001,
doi:10.1371/journal.pone.0089692.t003

study included in meta-analysis measured self-efficacy on a
continuous scale; the remaining study measured self-efficacy as a
proportion. The one dichotomous outcome was transformed into a
standardized mean difference to allow comparison across studies.
The standardized mean difference (Hedges’ g) comparing those
who received the intervention to those who did not was 0.25 (95%
CI: 0.14-0.36, p<<0.001), meaning those receiving the intervention
exhibited significantly more self-efficacy in regards to being able to
refuse sex or use a condom during sex. The intervention with the
largest mean difference in self-efficacy was implemented among
university students in Nanjing, China using an adapted version of
the “Focus on Kids” program originally identified as an effective
intervention by the U.S. Centers for Disease Control and
Prevention (CDC), which involved group activities and games
facilitated by trained graduate students and faculty [43]. The
intervention with the second highest mean difference in self-
efficacy involved an intervention delivered to secondary students
in Ukraine by trained young physicians consisting of 6 weekly
1 hour sessions focusing on HIV transmission and biology,
condom use negotiation skills, preventive measures, and dangers
of drug use through small group activities, role playing, games, and
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Figure 2. Forest plots from meta-analysis of (A) HIV-related knowledge, (B) condom use, (C) self-efficacy, (D) number of sexual
partners, and (E) initiation of sex. A: Effect of school-based sex education on HIV-related knowledge (random effects, Hedges’ G). B: Effect of
school-based sex education on condom use (random effects, odds ratio). C: Effect of school-based sex education on self-efficacy (random effects,
Hedges’ G). D: Effect of school-based sex education on number of sexual partners (random effects, odds ratio). E: Effect of school-based sex education
on initiation of first sex (random effects, odds ratio). Note. Results from Diaz et al., 2005, Fiscian et al., 2009, Givauden et al., 2008, Klepp et al., 1997,
Visser et al., 1996, Visser et al., 2005, Cartagena et al., 2006, Okonofua et al., 2003, and Li et al., 2008 were adjusted for baseline differences and certain
covariates. Values from remaining studies are unadjusted. *p<<0.05, **p<<0.010, and ***p<<0.001.

doi:10.1371/journal.pone.0089692.9002

discussions [83]. This intervention was adapted using the WHO
Training and Resource Manual on School Health and HIV
Prevention. One included study involving a 3 hour HIV-
prevention workshop found no increase in condom use self-
efficacy [85].

Condom use. Twenty one studies measured condom use as a
primary outcome. Of these, 13 were eligible for meta-analysis
[31,37,52,59,66,68,73,85-88]. Eight studies were excluded for not
presenting enough data to convert to a standardized effect size
[39,43,45,62,77,78,82,89]. Condom measures included in the
analysis were condom use at last sex, 100% condom use, and
consistent condom use (all dichotomous measures). When synthe-
sized across interventions, condom use was significantly higher
among intervention participants (OR =1.34, 95% CI: 1.18-1.52,
p<<0.001). Individually, only three of the twelve studies found a
significant difference in condom use between intervention and
control groups [37,66,68]. All three of these studies included some
form of training for healthcare workers outside of the school-
setting on how to provide youth-friendly sexual and reproductive
health information, including condom use [37,66,68]. In one study
based in Kenya, providing lessons on condom use was met with
strong resistance from teachers who feared that teaching students
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about condoms would encourage sexual activity [68]. As a result,
condom use was not included in the regular lesson plans although
teachers were trained on how to respond to students’ questions
about condoms in a factual manner [68]. Of all interventions
included in this meta-analysis, there was one abstinence-plus
program that reported emphasizing delay of sexual debut until
marriage while still provided information on other prevention
measures, such as condom use [59]. This study did not find a
significant difference in consistent condom use comparing those
who received the intervention to those who did not 3-months post-
intervention (OR =1.13, 95% CI: 0.30-4.20, p =0.86).

Number of sex partners. Of 10 studies measuring partic-
ipants’ number of sexual partners, four were eligible for meta-
analysis [31,37,58,87]. Six were excluded for not containing
enough data to convert results into standardized effect sizes
[36,45,59,62,78,90]. Of the four studies included in meta-analysis,
three presented results dichotomously; the remaining study
presented results continuously (mean number of sex partners).
The continuous outcome was converted to a standardized mean
difference to allow for comparison across all studies. Outcomes
synthesized for this analysis included: having greater than 1
partner in the last 12 months [37], mean reported number of
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partners [58], having greater than 2 sexual partners in the last 6
months [31], and reporting multiple partners during the past 3
months [87]. Across studies students receiving interventions
demonstrated a 25% reduction in odds of reporting more partners
compared to control or comparison groups (OR=0.75, 95% CI:
0.67-0.84, p<<0.001). However, individually, only one study with a
large sample size (n=6877) showed students receiving the
intervention reported fewer sex partners [37] whereas the other
studies showed a non-significant difference. Data from this study
were collected 36 months following the intervention, which was
the longest reported follow-up of all included studies [37].

Initiation of first sex. Nine studies measured initiation of
first sex. Three were excluded for not containing enough data to
convert results into standardized effect sizes for meta-analysis
[62,78,90]. The remaining six studies were included in meta-
analysis [31,33,37,60,68,85]. All studies measured this outcome
dichotomously. Participants who received the intervention had a
34% reduction in odds of initiating sexual intercourse during
follow-up compared to control or comparison groups (OR =0.66,
95% CI=10.54-0.83, p<<0.001). Individually all but one study [60]
showed significant reductions in sexual debut for those who
received the intervention. The study showing the highest reduction
in sexual debut involved activities that took place beyond the
classroom setting, including the provision of youth friendly
reproductive health services, condom distribution, and community
mobilization [37]. The one abstinence-only program that mea-
sured sexual initiation [33] also showed a significant reduction in
odds of sexual debut between the 6™ and 7" grade school years for
youth who received the intervention (OR =0.36, 95% CI 0.21-
0.62, p<<0.001).

Discussion

This review found that school-based sex education is an effective
mtervention for generating HIV-related knowledge and decreasing
sexual risk behaviors among participants, including delaying
sexual debut, increasing condom use, and decreasing numbers of
sexual partners. Importantly, no individual study included in
meta-analysis, including abstinence-only, abstinence-plus, and
comprehensive school-based sex education interventions, found
detrimental effects of school-based sex education on increased
risky sexual behavior. This finding is notable given that some
argue programs including information on abstinence and safe sex
strategies give mixed messages to students and may promote
sexual activity [91].

Comprehensive school-based sex education comprised the
majority of interventions included in this review despite extensive
attempts to identify abstinence-only and abstinence-plus interven-
tions. Given PEPFAR’s past emphasis on abstinence-only and
abstinence-plus interventions [4], it 1s surprising to find so few peer
reviewed evaluations of this strategy that met our inclusion criteria.
The uneven distribution in comprehensive versus abstinence-only
or abstinence-plus interventions made it difficult to compare the
effectiveness of these intervention types. Additionally, many
abstinence-only or abstinence-plus interventions measured out-
comes related to HIV-knowledge but did not include outcomes
related to sexual risk behavior, such as condom use or number of
sexual partners, thus rendering comparisons to comprehensive sex
education unfeasible. These findings are similar to those of parallel
systematic reviews and meta-analyses comparing the effectiveness
of comprehensive sex education and abstinence-only interventions,
which found that although comprehensive sex education inter-
ventions were effective at reducing high-risk sexual behavior, no
conclusion could be drawn from interventions emphasizing
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abstinence due to the small number of eligible studies and
inconsistent findings [10].

Interventions producing the most significant changes in
behavior seemed to have several characteristics in common. First,
several effective interventions included community-based compo-
nents that extended beyond school-based sex education by
involving resources and activities outside of the school environ-
ment, such as training healthcare staff to offer youth-friendly
services, distributing condoms, and involving parents, teachers,
and community members in intervention development. Addition-
ally, studies that adapted curricula from interventions already
deemed efficacious also tended to produce significant changes on
HIV-related behaviors. These findings are similar to another
review which concluded that replicating effective sex education
programs continued to produce significant behavior changes even
when programs were implemented in different settings [92].

It i3 encouraging that many of the reviewed studies used
controlled designs and randomized intervention assignments,
especially as earlier reviews have emphasized the need to improve
study designs when evaluating school-based sex education
mterventions [92,93]. Despite this improvement, many studies
exhibited methodological flaws that have been discussed at length
elsewhere [94], which inhibited our ability to include these studies
in meta-analysis. Out of 64 included studies, 50 measured at least
one of the five outcomes included in this meta-analysis, and of
these 33 provided enough data to include in the quantitative
synthesis. This finding highlights the need to further improve the
methodological rigor of studies.

Limitations

This review must be seen in light of several limitations. Firstly,
all outcomes reported in this review were based on self-report,
which creates potential for social desirability bias and memory
error. Secondly, we combined outcomes in meta-analysis that are
not identical, such as combining effect sizes generated from
different scales measuring HIV-related knowledge, which could
lead to inaccuracies in synthesized effects. We also combined both
continuous and dichotomous outcomes in several meta-analyses,
which could introduce error [95], although comparability has
been shown between continuous and dichotomous outcomes used
in meta-analysis when certain assumptions are met [96].
Additionally, it is possible our search strategy excluded potentially
eligible articles. We used multiple search strategies in an effort to
minimize this risk. This review could also be affected by
publication bias, which was assessed by constructing funnel plots
when feasible, although several studies showing null effects for
various outcomes were included.

Conclusions

School-based sex education is a critical tool for HIV prevention
among youth, and research suggests school-based HIV prevention
programs are cost-effective when implemented in the context of
combination prevention [97]. Intervention evaluations need to go
beyond addressing the question of whether school-based sex
education increases knowledge and focus instead on understanding
implementation factors that led to the most success in shaping and
changing subsequent HIV-related risk behaviors. As recently
stated by the United Nations Special Rapporteur on the Right to
Education, access to education about sex and reproductive health
is a human right [98]; therefore greater efforts should be made to
identify and scale-up effective interventions. However, school-
based education alone cannot be relied on to prevent HIV
infections among young people since not all young people attend
school and since school funds and resources are often already
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strained. Instead, school-based sex education should be part of
more holistic HIV prevention intervention aiming to engage
young people in learning about and shaping their sexual and
reproductive future.
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