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Assessing the impact of interventions individually and in combination with other
interventions is an important part of developing and implementing an optimal mix of
activities for sexually transmitted disease (STD) prevention.12 Identifying outcomes of
interest is one of the first steps and designing evaluations to determine the impact of the
interventions on those outcomes follows.3 However, quantifying the marginal impact of
interventions can be challenging, given the multiple confounding factors that can be present
due to other programs, changes in the epidemiological context, and population-level trends
in mixing or risk behavior that may be unrecognized or unquantified.14-8 We identify some
of the issues that may complicate the estimation of intervention impact and that may affect
the impact that interventions have on the outcomes of interest to STD prevention programs.

Much of what we know about program and intervention effectiveness comes from research
studies. Randomized controlled trials (RCTs) are widely considered to be the gold standard
in determining intervention effect,’ although quality observational studies often yield results
that are generally comparable.8 Randomized controlled trials by design focus on limited
controlled differences in interventions to best assess the impact of the interventions on the
outcome or outcomes of interest. In observational studies, the investigators have less control
but attempt to collect data sufficient to analyze the impact of the interventions being
analyzed.® With both types of studies, key issues for programmatic translation include
scalability and the ability to target the interventions to relevant populations.*2

Modeling studies also contribute to the body of knowledge around program effectiveness,
but modeling studies typically draw data for model inputs from RCTSs, observational studies,
and other literature. Well-designed modeling studies include sensitivity analyses; these often
vary a small group of parameters individually or together, or vary larger sets of parameters
randomly, such as with Monte Carlo simulation (or a modification, such as Latin hypercube
sampling).19-12 Whether limited or comprehensive, sensitivity analyses generally vary
parameters over their ranges. If some of the parameters influence others in ways that are not
explicitly accounted for in the model, sensitivity analyses relying on random variation may
lead to misleading conclusions about the range of outcomes likely to be associated with the
program or intervention when implemented.
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Although interventions are often studied in isolation, there may be crossover effects that
impact their effectiveness. Interventions may have synergistic or antagonistic effects on each
other. Interventions that are synergistic achieve a greater impact on outcomes when
implemented together than the sum of the outcomes that would result from implementing
either separately.13 Interventions that are antagonistic toward each other have less impact
when combined than the sum of implementing them individually. These concepts can be
defined mathematically, and interventions may meet the definition either additively,
multiplicatively, or both.13.14 However, the effect of synergistic or antagonistic impacts can
be intuitively understood. For example, condoms are recommended to prevent STD and HIV
transmission. Although not often a formal public health intervention, seroadaptive behaviors
such as serosorting or seropositioning are sometimes used by men who have sex with men to
reduce HIV transmission risk.12:16 However, condom use is lower in men using seroadaptive
practices.1’~19 Therefore, seroadaption may have an antagonistic effect on the marginal
impact of an intervention designed to increase condom usage. If seroadaptive behaviors are
increasing over time, the marginal impact of a condom promotion intervention may
diminish.20 The impact of seroadaptive behaviors may not just overlap with condoms; it may
reduce the effectiveness of interventions designed to increase condom usage.

Synergies may be found with interventions that can achieve the same outcomes but that do
not directly impact each other. For example, interventions designed to improve the HIV care
continuum may be enhanced by promoting STD screening in persons who are HIV infected.
21 Receipt of STD services provides another opportunity to maintain high levels of HIV
care. Patients not in care may be motivated by an intervention to seek STD screening, at
which time they can be reengaged in care. Sexually transmitted disease screening together
with other HIV retention and linkage interventions may lead to more patients achieving viral
suppression than the sum of what they could do if implemented separately.

The marginal impact of interventions may also be different from that which is expected if
multiple interventions achieve partially redundant effects but do not directly influence each
other. For example, antiretroviral therapy in HIV-infected patients can reduce HIV
transmission. Preexposure prophylaxis in high-risk HIV-susceptible populations can also
reduce HIV transmission. The impact of both together may be less than the impact of the
sum of each if implemented individually because the impact of the 2 interventions will, to
some degree, be redundant.22 The marginal impact of antiretroviral therapy as an HIV
prevention tool drops as the proportion of HIV-negative persons using preexposure
prophylaxis increases.

It has long been recognized that marginal intervention impact can also be influenced by
other factors, such as epidemic phase.>2324 Early in an epidemic, broad-based screening
may have little impact if the disease is concentrated in risk groups. Later, more broadly-
focused interventions may have more impact.

There can also be a number of contextual factors that impact the overall effectiveness of
interventions. These can include broad socioeconomic factors, such as changes in labor
markets or in poverty rates, population shifts, or the effect of nonhealth structural

interventions.*25 As an example of the latter, consider alcohol taxes and their impact on
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STD rates.28 These factors may impact the same outcomes as the interventions of interest,
yet be independent of them, or the factors may affect the marginal effectiveness of the
interventions themselves. Because programs usually only have access to outcome data (in
the form of case reports, clinic visits, or other similar measures) and may not even be able to
fully ascertain all potentially relevant interventions impacting STD transmission, it can be
difficult to ascertain how multiple factors are interacting.2’

Patient-level factors can also influence the marginal impact of an intervention. An example
is the impact of risk behavior counseling combined with STD screening. Brief and enhanced
counseling interventions were found to be significantly more effective than didactic
messaging at increasing 100% condom usage and reducing incident STDs in follow-up
visits.28 However, the reduction in incident STDs was greatest among those diagnosed as
having an STD at the study baseline.2® The marginal impact of the counseling intervention
itself was affected by patients’ disease status, which itself became known due to screening.
Another study showed a difference in incident STDs among patients receiving rapid versus
laboratory-based HIV testing coupled with counseling, suggesting that the marginal impact
of the counseling intervention may have been different based on patient STD status at
baseline.30 Additional patient-level contextual factors, such as the prevalence of risk
behaviors or changes in mixing patterns, can impact intervention effectiveness; these can
change over time and potentially modify the effectiveness of interventions in the same
population over time.3!

Consider a population where 2 interventions are contemplated: one is aimed at reducing
partner numbers and the other is intended to increase condom usage. If the intervention that
reduces partner numbers would reduce chlamydia incidence in a given location by 1000
cases per year, the intervention increasing condom usage would reduce chlamydia incidence
500 cases per year, and both if implemented together would reduce chlamydia incidence by
2000 cases per year, the interventions are synergistic: together they achieve a greater
reduction than the sum of what the 2 can do when implemented separately. If the combined
effect of the interventions was to reduce chlamydia incidence by 1100 cases per year, they
would be antagonistic. Different factors could account for the synergistic or antagonistic
effects. The interventions could be synergistic if the combination of interventions makes
persons at risk for STDs more aware of their risk, leading to the greater adoption of safer sex
practices than would occur if the interventions were not synergistic. They could be
antagonistic if the interventions together achieved an impact that was less than what they
might accomplish if the interventions were independent of each other. This effect might also
be seen if both interventions targeted the same subpopulation of persons at risk for
chlamydia infection, thus leading to a diminishing marginal impact as the subpopulation
became saturated with prevention interventions, while leaving other at-risk persons relatively
unexposed?; this has been modeled in examinations of optimal intervention mix for HIV in
some settings.32

The precise mechanisms that lead to synergistic or antagonistic effects are not always
known. The presence of adverse effects like antagonism does not necessarily mean that
combinations of interventions should not be implemented together; although the
combination may not achieve health outcomes equal to what might be expected looking at
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the independent effects of the interventions if implemented individually, the marginal impact
of the antagonistic intervention or interventions may still be positive.

Given these factors, how can programs respond? Quality RCTs and, to some degree,
observational studies remain the most reliable sources of evidence regarding the impact of
interventions. They are the cornerstones on which the medical literature rests, particularly
for clinical interventions.”8 This overview of factors that may affect the marginal impact of
interventions is not intended to dissuade programs from relying on published evidence or
from trying new programs to reduce STD morbidity in their jurisdictions. However,
programs should be aware that interventions may not achieve what they might expect based
on published evidence. Randomized controlled trials are conducted in a manner, time, and
context that may not apply to programs seeking to adopt the same intervention.2”-33 Even if
the manner of intervention delivery and contextual and other factors match those that
prevailed during the RCT or observational study and if circumstances change, the
intervention effectiveness may change, as well.>23 I possible, researchers might enhance
the usefulness of their RCT reports by including a discussion of contextual and
programmatic considerations that may affect implementation of the interventions studied in
the RCT.

Program evaluation remains an important tool in assessing the impact of programmatic
activity.23 Evaluation methods for complex intervention mixes may be difficult to use and
may require data that go well beyond case reporting.3# Assembling an inventory of
interventions that might impact a given outcome can itself be challenging, and determining
intervention impact may require data sharing that is logistically or legally difficult.3
However, comprehensive evaluations of program impact will provide the best indication of
the marginal impact of evaluations. An obvious approach to increase the marginal
effectiveness of programs or combinations of programs is to seek to use synergistic
interventions to maximize health impact.136 An awareness of how interventions can interact
and of how the epidemiological context can influence interventions both existing and
proposed can provide additional insight into the marginal impact of a program’s STD
activities.
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