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Abstract

Purpose: This study is part of a larger evaluation of a multilevel, multistrategy federal program 

to reduce high school students’ risk for HIV/sexually transmitted infection and unintended 

pregnancy. Local education agencies supported schools in implementing three strategies: 

delivering exemplary sexual health education, increasing student access to quality sexual health 

services, and enhancing safe and supportive school environments (SSE). We examined how 

levels of school implementation of these strategies moderated program effects on targeted student 

outcomes.

Methods: The Youth Risk Behavior Survey was implemented in participating local education 

agencies in 2015 and 2017 to assess student behaviors and experiences, whereas the School Health 

Profiles surveys assessed school policies and practices in 2014 and 2016. We used these surveys 

to measure student-level outcomes and school-level program delivery, respectively, which were 

analyzed using multilevel modeling in a difference-in-differences framework.

Results: Levels of SSE implementation significantly moderated program effects on multiple 

student outcomes, including ever having sex, having four or more lifetime sexual partners, being 

sexually active, using hormonal birth control, dual use of a condom and hormonal birth control, 

ever being forced to have sex, missing school because of safety concerns, and lifetime and current 

marijuana use. However, we found few moderating effects of exemplary sexual health education 

and sexual health services dosage.

Discussion: We found a significant relationship between incremental increases in 

implementation of activities to increase the safety and supportiveness of school environments and 
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enhanced program effects in improving multiple student health outcomes. These findings suggest 

that school implementation of SSE activities contributed to intended program effects.
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HIV; STIs; Adolescent health; Adolescent; Youth; School health; Sexual health services; Sexual 
health education; Implementation science

Multilevel interventions are more effective in achieving desired health outcomes than 

single-level interventions, with school environments being particularly suitable for 

multilevel intervention programs to address adolescent health [1–4]. Recent evidence 

shows that exposure to school-based multilevel interventions, comprising health education, 

environmental change, family and community outreach, and school policy change, is 

associated with decreased adolescent sexual risk behaviors [3–7]. Evaluating multilevel 

interventions is crucial to understanding how different aspects of program implementation 

may influence program outcomes. Still, evidence on this topic is lacking because such 

evaluation is often complex and time-consuming [8–10]. When evaluating complex 

intervention programs, it is therefore crucial to evaluate program implementation, 

particularly to gain an adequate interpretation of program effects [11]. Program 

implementation can impact how evidence-based programs achieve desired outcomes and 

suboptimal implementation often results in suboptimal program effects [12,13]. Among 

many important implementation features, dosage (i.e., the “amount” of an intervention 

program that participants were exposed to as measured by the number of program sessions, 

frequency, or other evidence-based practices [EBPs]) of implementation is particularly 

relevant to this study. Evidence suggests that varying program dosage was associated with 

differential program effects in school settings, with higher dosage often leading to better 

student outcomes [14–16]. In practice, however, students rarely receive the full dosage of a 

school-based intervention [12].

From 2013 to 2018, the Centers for Disease Control and Prevention’s (CDC) Division 

of Adolescent and School Health (DASH) funded 17 large, mostly urban, school districts 

(local education agencies [LEAs]) to implement the What Works in Schools program [17], 

which was a multilevel, systemic health risk prevention program designed to change policies 

and practices in middle and high schools. The program consisted of three broad strategies: 

delivering exemplary sexual health education (ESHE), connecting students to quality sexual 

health services (SHS), and enhancing safe and supportive school environments (SSE) for 

all youth [18]. Specifically, ESHE included strengthening policies and educational practices 

to support effective health education. ESHE sought to enhance classroom delivery through 

tailored professional development, technical assistance, and follow-up support for teachers. 

SHS consisted of increasing student awareness of the need for, and availability of, SHS, 

and providing guidance and support to staff to identify student needs and refer students 

to appropriate services. Finally, SSE activities included promoting antibullying and sexual 

harassment policies and practices, increasing school connectedness, enhancing parental 

engagement, and fostering school environments to support programming for traditionally 

under-represented groups (Table A1).
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Within each of above-mentioned strategies, LEAs were able to select a range of EBPs listed 

in the program guidance that were included based on meta-analyses, systematic reviews, 

and other empirical studies to tailor to the needs of their priority schools. LEA activities 

included establishing a support infrastructure for EBPs through districts, school health 

advisory councils, and district-level coordinators, assessing district policy and guidance, 

and providing professional development and materials supporting the implementation of all 

strategies.

Our recent evaluation of the effectiveness of the What Works in Schools program [3] found 

that exposure to the program is associated with significant decreases in ever having sex, 

having four or more lifetime sexual partners, being currently sexually active, not going 

to school because of safety concerns, having experienced forced sex, and lifetime and 

current marijuana use. The study also found that program exposure was associated with 

decreases in the use of effective hormonal birth control and with no significant changes in 

condom use, dual use of hormonal birth control and condoms, and HIV testing. Although 

the study supports the association between program exposure and improvements in certain 

student health outcomes, little is known about whether and to what extent the program 

implementation moderates the observed associations between program exposure and student 

outcomes.

The program allowed school districts of wide latitude in the activities they delivered within 

the three strategies. Although this flexibility offered districts the ability to tailor activities 

to schools’ and students’ needs, it necessitates an understanding of the dosage of different 

strategies and their relationship to student health outcomes. School teachers, staff, and other 

practitioners need to know how much and which type of activities they need to deliver to 

impact student health outcomes. District leadership and other policymakers may also need 

to decide how to scale up the program and whether it can achieve lasting population-level 

health benefits [19]. Therefore, studying the impact of implementation dosage on program 

effects fills important gaps, such as how programs produce intended effects and whether and 

how they should be scaled up [19].

The present study examines how implementation dosage, measured by the number of 

activities delivered at the school level, impacts the program’s effect on intended student 

health outcomes. We hypothesize that for every strategy, implementation dosage moderates 

the association between program exposure and student outcomes. That is, an increased 

implementation dosage is associated with a greater program effect in improving student 

outcomes. Our assessment of dosage effects of a multilevel, multi-strategy federal program 

could aid program improvement and contribute to the knowledge base of implementation 

of science and to the enhancement of EBPs. This evaluation study focuses on high school 

students given the small number of middle schools that participated in the program and the 

lack of data among middle school students.
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Methods

Study design

We conducted a secondary data analysis using multilevel modeling grounded in the 

difference-in-differences (DID) framework [20,21 ] to examine the interaction effects of 

implementation dosage on intended student-level outcomes of the CDC DASH program 

between exposed and unexposed schools. Exposed schools were a set of middle and high 

schools selected by each LEA, centering on those with higher rates of sexually transmitted 

infections (STIs), unintended pregnancies, and/or sexual risk behaviors. These schools 

implemented the full range of program activities with the support of the LEA. Unexposed 

schools were those in the same districts that were not the primary focus of programmatic 

efforts and, therefore, did not receive all program activities. Multilevel modeling was used to 

control for the clustering effects at the school and district levels. DID was applied because 

this study was quasi-experimental and thus lacked a random assignment to the exposed 

and unexposed schools, assuming exposed and unexposed school samples would meet the 

parallel trend assumption.

Data sources

Seventeen school districts participating in the program collected data in exposed schools 

and a set of unexposed schools to assess both program implementation and student health 

behaviors and experiences. School Health Profiles (Profiles) were implemented in 2014 and 

2016 and included self-administered questionnaires completed by principals and leading 

health education teachers to monitor secondary school health policies and practices [22]. 

The Youth Risk Behavior Survey (YRBS) was administered to high school students in 

exposed schools and unexposed schools in 2015 and 2017. Additional information about 

participant recruitment, item selection, data collection, and response rates are available in the 

YRBS [23] and Profiles [22] overview and methods reports.

For this study, we merged the 2014 Profiles with the 2015 YRBS (serving as baseline data) 

and the 2016 Profiles with the 2017 YRBS at the student level (serving as follow-up data). 

The merged dataset is limited to schools that participated in both surveys, and thus results 

in a reduced student-level sample size were compared to the original YRBS samples (16.6% 

reduction of the original YRBS samples). The data used in this study were approved by 

CDC as research not involving identifiable human subjects because participants responded 

anonymously and an institution review board approval was not required.

Participants

The combined dataset of this study consisted of 84,852 students enrolled from both exposed 

and unexposed schools. Although most of the LEAs had YRBS response rates ranging from 

60% to 90%, one LEA had a low YRBS response rate in 2015 among exposed schools 

(around 20%) and therefore was excluded from the analytic sample. Students who selected 

“ungraded” as their grade in school were also excluded, resulting in a final analytic sample 

of 82,461 students in 16 LEAs. Of those, 42,460 students were from 223 exposed schools 

and 40,001 students were from 268 unexposed schools.
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Measures

Student health outcomes.—In total, 22 dichotomized items from the YRBS 

questionnaire were used to measure student health risk behaviors and experiences relevant to 

the DASH program (Table 1).

Exposed school attendance.—This variable was used to indicate whether a student 

attended an exposed school (dichotomized as 0, 1), with attending an unexposed school as 

the referent group and coded as 0.

Year.—A dichotomous measure indicated the school year in which the student completed 

the YRBS, with 0 indicating 2015 and 1 indicating 2017.

Implementation dosage (ESHE index, SHS index, and SSE index).—
Dichotomized items from the Profiles questionnaire assessing the adoption of ESHE, SHS, 

and SSE strategies were summed into a total score (i.e., the index) for ESHE, SHS, and SSE, 

respectively. For each strategy, a higher dosage score indicates a greater level of program 

implementation (Table 2 for items and coding). There were 48 items related to ESHE, 30 

related to SHS, and 30 related to SSE. We conducted a principal components analysis to 

reduce the number of ESHE items to be comparable with the SHS and SSE indices. This 

resulted in 36 items in the ESHE index (details provided in the footnote of Table 2).

Demographics.—Demographic variables including gender (male and female), grade 

(ninth, 10th, 11th, and 12th), and race/ethnicity (non-Hispanic White, non-Hispanic Black, 

Hispanic/Latino, and other) were included in the analysis as covariates.

Analyses

Bivariate analyses were conducted using ANOVA and Chisquared tests across exposed and 

unexposed school status within years. We used list-wise deletion for missing observations 

for each variable. Exposed schools in general had more missingness compared to unexposed 

schools across years, with the exception of dual use of condoms and effective hormonal birth 

control, sexual dating violence, physical dating violence, forced sex, and ESHE and SHS 

dosage variables, which had less missingness in exposed schools across years (result not 

shown).

We previously [3] examined program’s main effects using a multilevel DID framework. In 

that study, we used a statistically significant Exposure × Year interaction (i.e., the interaction 

term between exposed school attendance and year) to indicate program effectiveness. The 

current analysis expands our previous research by examining whether implementation 

dosage moderated the association between program exposure and student outcomes [24]. 

Thus, we included a three-way interaction of Implementation Dosage × Exposure × Year to 

test if varying levels of implementation dosage moderated the relationship between program 

exposure and student outcomes, controlling for individual-level covariates including gender, 

grade, and race/ethnicity.

The coefficient of the three-way interaction, β1, captured the moderating effect of 

implementation dosage. A negative coefficient for risk outcomes or positive for protective 

Li et al. Page 5

J Adolesc Health. Author manuscript; available in PMC 2023 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



outcomes indicates enhanced program effect. In addition, we estimated β1 using three-level 

multilevel logistic models to account for students (level 1) nested in schools (level 2) within 

LEAs (level 3) for each student-level outcome. Analyses were conducted using SAS 9.4 

(Cary, NC: SAS Institute Inc.). Statistical significance was set at p < .05.

Results

Students in exposed and unexposed schools varied significantly across demographic 

variables (Table 3). In 2015, there were significant differences in the distribution of ninth-

grade and 10th-grade students between exposed and unexposed schools, with more ninth-

grade students (28.1%) and 10th-grade students (26.4%) in exposed schools.

Bivariate analyses within years indicate that districts were successful in targeting program 

efforts toward the schools with students at a greater risk of HIV/STI and unintended 

pregnancy (Table 3). In 2015, exposed school students reported significantly higher 

proportions of ever having sex, four or more lifetime sexual partners, and currently sexually 

active compared to students in the unexposed schools. No significant differences were 

found between students in exposed and unexposed schools in using a condom during 

last sexual intercourse, using effective hormonal birth control, and using a condom and 

effective hormonal birth control. Students in exposed schools reported significantly higher 

proportions of risk across most outcomes related to violence victimization, suicide-related 

outcomes, current marijuana use, and injecting drug use (IDU) but not for sexual dating 

violence, being bullied at school, experiencing electronic bullying, and having persistent 

feelings of sadness or hopelessness, compared to their counterparts in unexposed schools.

The final modeling results are presented in Tables 4 and 5. These models were adjusted 

for demographic characteristics of gender, race/ethnicity, and grade. The interpretation of 

the coefficient of the three-way interaction β (Index × Exposure × Year) is that: a 1-unit 

change in the dosage is associated with a β-unit change in the association between the 

program exposure and the outcome or a β-unit change in program’s effect size in influencing 

the outcome. As Tables 4 and 5 show, ESHE dosage did not show significant moderating 

effects. SHS dosage significantly moderated the program effect on current marijuana use (β 
= −0.017, SE = 0.006), meaning that a 1-unit increase in SHS dosage is associated with a 

0.017-unit increase in the program’s effect size in reducing current marijuana use.

We found multiple significant interactions between the SSE dosage, attending an exposed 

school, and year. SSE dosage significantly moderated the program effects on ever having sex 

(β = −0.027, SE = 0.007), having four or more lifetime sexual partners (β = −0.027, SE = 

0.011), being currently sexually active (β = −0.018, SE = 0.008), use of effective hormonal 

birth control (β = −0.033, SE = 0.012), dual use of effective hormonal birth control and 

condoms (β = −0.048, SE = 0.021), did not go to school because of safety concerns (β = 

−0.025, SE = 0.010), forced sex (β = −0.024, SE = 0.010), ever marijuana use (β = −0.023, 

SE = 0.008), and current marijuana use (β = −0.016, SE = 0.007). These effects were all in 

the intended direction except for the use of effective hormonal birth control and the dual use 

of birth control and condoms.
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Discussion

The present study found that SSE dosage, measured as the school-level implementation of 

SSE EBPs, moderates the program effects on multiple targeted student health outcomes. 

Specifically, an increased dosage of SSE activities was associated with strengthened 

program effects on sexual health (i.e., ever having sex, having four or more lifetime 

sexual partners, being currently sexually active), violence victimization (i.e., missing school 

because of safety concerns and ever being forced to have sex), and substance use out-comes 

(i.e., lifetime and current marijuana use). These results are parallel to our evaluation of the 

program’s main effects [3], in which we found that the program exposure was associated 

with reduced student sexual risks, violence victimization, and substance use. Taken together, 

school implementation of activities to strengthen SSE, including antibullying activities 

[25,26] and efforts to increase school connectedness [6,27] and parent engagement [28,29], 

may contribute to decreases in health risk behaviors among high school students.

We also found significant moderating effects of SSE on the relationship between program 

exposure and the use of effective hormonal birth control and the dual use of a condom 

and effective hormonal birth control, in unintended directions. This finding is consistent 

with our previous evaluation of the program main effects [3], where we found a significant, 

negative association between program exposure and the use of effective hormonal birth 

control. It is possible that an increased SSE was associated with fewer students who were 

currently sexually active and thus students’ perceived needs for hormonal birth pills might 

decrease. Future research is needed to examine whether decreased sexual activity relates to 

the decreased use of effective hormonal birth control. In addition, education agency policies 

vary with regard to providing students with access to hormonal birth control and might 

subsequently influence students’ use of hormonal birth control. Further study is warranted to 

understand the multilevel drivers for the decreased use of hormonal birth control.

This study did not find any moderating effects of SSE activities on the relationship between 

program exposure and using a condom during the last sexual intercourse. Similarly, our 

previous study did not find a significant association between program exposure and the dual 

use of condoms and effective hormonal birth control. The YRBS national trend report (2009

—2019) also shows little change in the dual use of a condom and effective hormonal birth 

control nationwide between 2015 and 2017 [30]. It is therefore likely that the significant 

moderating effect between SSE dosage and the dual use of a condom and effective hormonal 

birth control was mainly attributable to the significant association between SSE dosage 

and the use of effective hormonal birth control. Given that our bivariate results show 

considerable gender and race/ethnicity differences in the use of effective hormonal birth 

control and the dual use of a condom and effective hormonal birth control, our next step is 

to examine the effects of SSE by gender and race/ethnicity to further investigate the origin of 

the unintended effects of SSE on hormonal birth control—related outcomes.

ESHE and SHS dosage demonstrated few moderating effects on the relationship between 

program and student health outcomes. The only moderating effect found was SHS dosage 

activities on using marijuana in the past 30 days. The nonsignificant moderating effects of 

ESHE and SHS activities regarding sexual health behaviors were unexpected given their 
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specific tailoring to address sexual behaviors. One explanation may be that ESHE dosage 

was subject to a ceiling effect in the school-based delivery of ESHE given that the mean 

score of the ESHE dosage was high and that many schools routinely provide sexual health 

education. STI prevention and human sexuality topics are relatively common in large urban 

LEAs, with a median of 85.8% and 82.1% of secondary schools providing instruction on 

these topics, respectively [31]. Thus, the lack of a significant relationship between ESHE 

dosage and program effect on sexual risk behaviors may reflect a reduced variation in ESHE 

dosage scores. In addition, it is possible that our monotonic linear view of dosage did not 

represent educational intervention’s theory of change and might not capture program effects 

that were nonlinear. Regarding the lack of relationships between SHS and program effects, 

school health services were provided by staff who may rotate among several schools within 

a district and whose activities (e.g., professional development) were likely at the district 

level or provided in the healthcare sector. Therefore, our measurement of SHS dosage (i.e., 

Profiles) might only capture a part of SHS activities occurring at school level and might miss 

the LEA-level activities.

Although program effects on students’ health outcomes seem to be enhanced primarily by 

SSE activities, LEAs were required to implement activities related to all three strategies 

and the three strategies could have had synergistic effects. In other words, the study 

evaluated the effects of SSE strategies when implemented in conjunction with ESHE and 

SHS strategies. Thus, we cannot decisively determine whether the observed effects can 

be attributed independently to SSE activities or whether the context of the other two 

sets of strategies potentially contributes to these observed significant relationships. We 

could only hypothesize the nature of those synergistic effects, but it is possible that SSE 

activities allowed the ESHE and SHS activities to be more effective. For example, better 

classroom management may contribute to a better learning environment for ESHE and 

increased connectedness to school and school staff may enhance students’ ability to receive 

or willingness to act on referrals to health services.[32–34] Future research could examine 

the extent to which the strategies operate as independent moderators on health risk behaviors 

and experiences and whether they are synergistic.

In addition, some of the LEAs may have participated in other programs with comparable 

objectives, such as the Teen Pregnancy Prevention Program which was conducted 

simultaneously and also focused on the implementation of similar strategies in schools with 

students at a higher risk for adverse sexual health behaviors [35]. Some of the higher dosage 

observed in these LEAs could be attributed to the additional resources and efforts provided 

by such programs. Therefore, further study is needed to better examine the independent 

contribution of the program on student health outcomes.

Limitations

Our analysis is subject to some limitations. Bivariate analyses indicated that exposed 

and unexposed schools were nonequivalent groups. However, we controlled for clustering 

effects at the district and school level and for covariates at the individual level to control 

for such nonequivalence. Furthermore, this study may be subject to selection bias for a 

number of reasons. These include retaining only schools that administered both Profiles 
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and YRBS when merging the data. We also retained all students in the ninth through 

12th grades from the 2015 and 2017 YRBS administrations which might have resulted in 

the inclusion of students who were not exposed to the program (i.e., uneven exposure) 

and a loss to follow-up of who would have had experienced the programming but had 

graduated before the 2017 YRBS. However, our bivariate results show that unexposed 

students rarely exhibit improved health outcomes; thus, we believe the uneven exposure 

and loss to follow-up likely attenuates the effect sizes of program on the outcomes, 

leading to an underestimation of our results. Finally, selection bias might also occur as a 

result of list-wise deletion of missingness. Exposed schools had more missingness, which 

may lead to an underestimation of our results. For three recoded variables, dual use of 

condoms and effective hormonal birth control, sexual dating violence, and physical dating 

violence, as their missingness contains both exclusions and actual missingness, were unable 

to determine the degree or the direction of how these outcomes were influenced. For forced 

sex, we cannot rule out the possibility that the finding on forced sex was attributable to 

the greater missingness in the unexposed schools rather than to the intervention dosage. 

Moreover, ESHE and SHS dosage variables had more missingness in unexposed schools. 

This may reduce our analytical power and explain the null findings for ESHE and SHS 

models. It is worth noting, however, that our findings are robust as they largely parallel our 

main effect analysis [3] which used different analytical samples with different missingness 

patterns. Another limitation is that Profiles and YRBS data were both self-reported and 

subject to response bias. YRBS does not define sexual intercourse or differentiate among 

different kinds of sexual activity and this may also result in response bias. Another 

limitation is that we adopt a traditional monotonic linear view of dose response between 

implementation and program effect, which may not fully represent the intervention’s theory 

of behavior change. In addition, we measured implementation using dosage defined as the 

number of activities implemented or delivered but were unable to assess other aspects of 

program implementation (e.g., implementation quality, dose received, duration) due to data 

availability. More comprehensive implementation measurement is needed to better examine 

the association between implementation and program effects. Finally, our findings cannot be 

generalized further than the analytical sample included in this study.

Conclusion

This study found that an increased dosage of SSE activities was significantly associated 

with enhanced program effects on improving certain student health outcomes. Although the 

program was designed to focus on sexual health, the literature on school connectedness 

and parent engagement, which were protective factors targeted by the SSE activities, shows 

these constructs have long been found to have an impact on a broader set of outcomes [36]. 

It is in line with this literature then, that increased school-level implementation of these 

strategies, was associated with a wide variety of reductions in health risk behaviors and 

experiences. Findings in this study, together with the evidence in our prior assessment of the 

main effect of the program, jointly support the conclusion that program activities contributed 

to reductions in student health risk behaviors and experiences. LEAs may wish to consider 

similar multicomponent, multilevel system approaches to increase school implementation 

of EBPs. Because multiple risk behaviors among adolescents have common antecedents, 

such programs may help reduce interrelated risk behaviors and experiences among students. 
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Finally, LEAs that benefited from the program may need to plan carefully about how to 

sustain the program effects, such as allocating additional efforts and funding to maintain and 

strengthen infrastructure established, to best leverage the program activities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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IMPLICATIONS AND CONTRIBUTION

Study explored how levels of program implementation impacted the program’s effect 

on targeted student health outcomes. An increased implementation of activities to 

make school environments safer and more supportive was associated with strengthened 

program effects for multiple student outcomes. Education agencies should emphasize 

improving school environments in multilevel, systemic health programs.
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