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Abstract

Background: This manuscript describes an updated spreadsheet tool that sexually transmitted
infection (STI) prevention programs in the United States can use to estimate the health and
economic benefits of their STI and HIV prevention activities.

Methods: The development of the updated tool, STIC (Sexually Transmitted Infection Costs)
Figure 2.0, involved two main components. First, we revised the tool to be more useful and
user-friendly based on feedback from focus groups and usability testing. Second, we updated the
mathematical model behind the calculations by (1) revising the model to reflect current STI and
HIV prevention activities in the United States, (2) updating the epidemiological and economic
parameters in the model using the best available evidence, and (3) including ranges (not just
point estimates) in the model output. To demonstrate the use of STIC Figure 2.0, we applied

it to estimate the impact of a hypothetical prevention program, consistent with that of a health
department or large STI clinic in a metropolitan area.

Results: STIC Figure 2.0 incorporated new features, including an interactive user interface
to explore findings and create customized charts for use in reports and presentations. The
hypothetical example we analyzed illustrated how providing STI treatment to 2,680 people and
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HIV prevention services to 325 people could avert 1,253 adverse outcomes and save over $2
million in medical costs and productivity costs.

Conclusions: Although subject to important limitations, STIC Figure 2.0 allows state and local
programs, including STI clinics, to calculate evidence-based estimates of the impact of their
program activities.

Summary:

We describe an updated spreadsheet tool that programs can use to estimate the health and
economic impact of STI and HIV prevention activities, such as the number of STIs averted and the
number of HIV infections averted, as well as the associated medical costs and productivity costs

saved.
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Like other public health entities, sexually transmitted infection (STI) programs are held
accountable to demonstrate performance of their required duties and appropriate use of
federal, state, and local funding.12 STI programs are frequently asked by decisionmakers to
demonstrate the value of STI prevention services relative to their costs.3 In 1992, to help
STI programs quantify the direct medical costs saved by their program activities, the Centers
for Disease Control and Prevention (CDC) published a 6-page document of “cost savings
formulas.”3 This list of equations made it easier for STI programs in the United States to
use their routinely collected data to estimate the economic benefit of their activities. For
example, the equations showed how data on the number of women treated for chlamydia
could be used to estimate the direct medical costs saved by preventing pelvic inflammatory
disease (PID), based on factors such as the direct medical cost per case of PID and the
probability of PID in the absence of treatment.3

In 2008, at the request of state and local STI programs, CDC researchers (1) updated these
“cost savings formulas” to reflect more current data on the probability and cost of STI
sequelae, (2) expanded the scope of the formulas to include both direct medical costs saved
and productivity costs saved, and (3) developed a spreadsheet tool to facilitate the use of
these updated formulas.# This tool, STIC (Sexually Transmitted Infection Costs) Figure, has
since been used by STI programs and researchers to estimate the direct medical costs and
productivity costs saved by STI prevention activities.

Given that the original STIC Figure tool is now more than 15 years old, the purpose of

this project was to develop an updated version of the tool (STIC Figure 2.0) with the

most current and highest quality epidemiologic and health economic data available for

the United States. We incorporated feedback from focus groups to make STIC Figure 2.0
more user-friendly and more reflective of current STI and program activities, including
two HIV-related services: referrals for HIV pre-exposure prophylaxis for those at risk for
HIV and linkage to care of persons newly diagnosed with HIV. Additionally, we conducted
usability testing on a prototype to identify bugs in the model and improve ease of use. The
tool is intended for use by state, tribal, local, and territorial health departments of any size,
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STl clinics, or any other program that provides at least one of the STI or HIV prevention
activities included in the tool.

Methods

Overview of the STIC Figure 2.0 spreadsheet tool

Like the original STIC Figure 1.0 tool, the updated STIC Figure 2.0 tool allows users to
enter information about their prevention activities and then generates estimates of the health
impact (e.g., number of STI and HIV infections averted) and economic benefits (direct
medical costs saved and productivity costs saved) of these activities. Productivity costs
reflect the effects of STI and HIV morbidity and mortality on a person’s ability to perform
economically productive tasks, including market productivity (paid work) and non-market
productivity (e.g., non-paid activities such as childcare, housework, and grocery shopping).

To use STIC Figure 2.0, the user enters annual data for one or more of their STI or HIV
prevention activities (Table 1, which includes hypothetical data for illustrative purposes as
described below). With this input, STIC Figure 2.0 generates estimates of the effect of these
prevention activities on a wide range of possible health outcomes, including number of cases
of pelvic inflammatory disease (P1D) averted in women treated for chlamydia or gonorrhea;
number of cases of epididymitis averted in men treated for chlamydia or gonorrhea; number
of cases of long-term sequelae of syphilis averted in men and women treated for primary
and secondary (P&S) syphilis; number of STI infections averted in the population through
treatment of chlamydia, gonorrhea, and P&S syphilis; number of STl-attributable HIV
infections averted in the population through treatment of chlamydia, gonorrhea, and P&S
syphilis; number of HIV infections averted through linkage or re-linkage to care among
those with HIV; and the number of HIV infections averted through use of HIV pre-exposure
prophylaxis (PrEP) (Table 2). To estimate these health impacts, STIC Figure 2.0 employs a
range of data-based assumptions and parameter values (Table 2, Table 3, Appendix).#6-20
The economic benefits of the STI and HIV prevention activities are then calculated by
multiplying the estimated number of adverse outcomes averted by the estimated lifetime cost
per outcome (Table 4, Appendix).+9:10.21-24

Updating the tool

The development of the updated tool (STIC Figure 2.0) involved two main components. The
first was to use focus groups and usability testing to help us revise the tool to be more useful
and user-friendly. The second main component was to update the underlying mathematical
model behind the calculations.

Focus groups and usability testing to inform the updated STIC Figure 2.0 tool

Focus group sessions were conducted in parallel for two STI-related health economic tools:
STIC Figure 2.0 and the SPACE (STI Prevention Allocation Consequence Estimator) Tool
2.0,25 which allows users to estimate the impact of changes to their STI prevention budget
in terms of changes in STI incidence and related costs. The focus group sessions for

these two tools are described in more detail elsewhere in an article about the updating of
SPACE Tool 2.0.25 Briefly, we conducted 5 focus groups (2-3 people per group) and 2
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interviews (1 person per interview) with 15 public health professionals from national, state,
and local organizations regarding their knowledge and experiences with STIC Figure 1.0.
Based on their feedback, we then developed a prototype STIC Figure 2.0 tool to share for
usability testing among a smaller group of 6 professionals from state and local organizations.
Feedback from the usability testing was incorporated into the final version of STIC Figure
2.0.

Updates to the underlying mathematical model behind the STIC Figure 2.0 tool

The underlying mathematical model behind the STIC Figure calculations was updated and
revised in three main ways. First, we expanded the model scope to include more current
STl and HIV prevention activities in the United States, such as the number of patients with
chlamydia and gonorrhea provided with expedited partner therapy (EPT), the number of
people with HIV linked to HIV care, and the number of people provided with referrals for
HIV PrEP (Table 1). Second, we updated epidemiological and economic parameters in the
model to reflect the most recent available evidence (Table 3, Table 4, Appendix). Third,
whereas the original STIC Figure 1.0 calculated point estimates of the number of health
outcomes averted and costs saved, STIC Figure 2.0 calculates point estimates and ranges.
The ranges reflect the joint uncertainty in all the model parameter values and assumptions
(see Appendix).

[llustrative application of STIC Figure 2.0

Results

To demonstrate the use of the STIC Figure 2.0 tool, we used the tool to calculate the
predicted impact of STI and HIV prevention activities in a hypothetical STI program in the
United States, using the assumed program activity data in Table 1. To generate the number
of confirmed STI cases treated in this hypothetical example, we divided the number of cases
reported nationally in 2022 by 50 to represent the average state and then divided again by
20 to represent an entity that accounts for about 5% of STI treatment in an average state
(see Appendix for details). This example is meant to reflect entities such as STI clinics or
health departments in large metropolitan areas, given that STI clinics can diagnose about
25% of gonorrhea cases, 35% of P&S syphilis cases, and 12% of chlamydia cases in large
metropolitan areas,2% and large metropolitan areas can account for a substantial portion of
the STI cases reported in their respective states.

Focus group suggestions incorporated in STIC Figure 2.0

STIC Figure 2.0 incorporated three main changes suggested by the focus groups to improve
the usefulness of the tool. First, user inputs were condensed to a single screen, in contrast

to STIC Figure 1.0 in which users entered data over a series of four screens. Second,

the output screen of STIC Figure 2.0 was modified to include not only tabular results as

in STIC Figure 1.0, but also a chart summarizing the direct medical costs saved and the
productivity costs saved. Further, the updated STIC Figure 2.0 allows the user to explore
the output in an interactive user interface and make customizable versions of the output
table and chart for exporting into common software applications. Third, the spreadsheet tool
now provides more details of the mathematical model behind the calculations, including an
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“interpretation guide” screen which provides not only a high-level overview of the model but
also a “three-sentence summary” of the model that users can copy and paste into documents
and presentations.

Results of illustrative application of the tool

STIC Figure 2.0 estimated that the annual activities of the hypothetical STI prevention
program described in Table 1 resulted in $2,027,650 (range: $1,057,860-$2,683,610) in total
cost savings, including $1,429,790 (range: $754,590-$1,906,270) in direct medical costs
saved and $597,860 (range: $303,270-$777,340) in productivity costs saved (Table 5). The
estimated health impacts of STI treatment included benefits to those treated for STIs and
population-level benefits of interrupting STI and HIV transmission. Treatment of STIs was
estimated to avert 72 (range: 44-89) cases of sequelae in those treated, to avert 1 (range: 1-
1) case of congenital syphilis through treatment of women with syphilis, and to avert 1,177
(range: 763-1,447) STls in the population. An estimated 2 (range: 1-3) HIV infections were
averted through referrals for HIV PrEP, through linkage to care of persons with HIV, and by
preventing STl-attributable HIV infections through treatment of STls.

Discussion

STIC Figure 2.0 allows users to generate evidence-based estimates of the health and
economic impact of their STI and HIV prevention activities, using routinely collected data.
STIC Figure 2.0 improves upon STIC Figure 1.0 by incorporating new features and updated
data for most key model parameters. In addition to these modeling updates, we revised STIC
Figure 2.0 to be more user-friendly using focus groups with model users and a usability
evaluation in parallel with revisions that we made to the SPACE Tool 2.0 model (https://
www.cdc.gov/sti/php/sti-program-resources/space-tool.html).22

STI prevention directors and other personnel are often asked to provide evidence of the
impact of their program activities.3 The tool can be used to generate estimates of program
impact quickly and easily in order to facilitate prompt responses to inquiries about program
effectiveness. Similarly, the tool can help to inform reports on program accountability, by
helping to quantify the benefits of program expenditures in terms of medical costs and
productivity costs averted.

There are three key challenges to developing a tool like STIC Figure 2.0 to estimate the
health and economic impact of STI and HIV prevention activities. First, the calculations
apply numerous assumptions and can require over 40 parameter values, all of which are
subject to uncertainty. Uncertainty in the epidemiologic parameters, such as the probability
of PID due to chlamydia or gonorrhea, highlights the need for additional research to
improve our understanding of the natural history of STIs. To address the uncertainty in the
epidemiologic and cost parameters, the model generates ranges that reflect the simultaneous
uncertainty in all the parameter values applied in the calculations. Second, in addition to
the uncertainty in our inputs, there is likely a high degree of correlation across these inputs
as well. We addressed this issue by assuming a high degree of correlation when calculating
the ranges for the results, as described in the Appendix. Third, the calculations require
estimates of the benefits of interrupting STI and HIV transmission in the population. Such
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estimates require a tradeoff between simple, more practical modeling approaches and more
complex, data-intensive modeling approaches.2” To minimize data requirements to the user
and to help make the model easier to describe and understand, we applied a simplified yet
evidence-based characterization of complex ST1 and HIV transmission dynamics.

STIC Figure 2.0 does not account for potential diminishing marginal returns of program
activities. For example, the benefit per person referred for HIV PrEP is constant in STIC
Figure 2.0, regardless of the number of people referred. However, if HIV PrEP were
expanded beyond the populations at highest risk for HIV, the benefit per person referred

for HIV PrEP would likely begin to decline, and the benefits of HIV PrEP referral would

be overestimated. For this reason, STIC Figure 2.0 is more suitable for estimating the health
and economic benefits of program activities rather than for determining the optimal mix of
program activities.

STIC Figure 2.0 does not account for STI and HIV program costs when estimating the

costs saved by STI and HIV program activities. Thus, the estimated cost savings are not

net savings, i.e., they do not reflect savings above and beyond the cost of performing the
program activities. Instead, the estimated cost savings reflect only the benefits of program
activities. Estimates of the cost of delivering the ST1 and HIV services would be needed

in addition to the STIC Figure 2.0 output in order to generate estimates of program cost-
effectiveness. Similarly, STIC Figure 2.0 does not account for all possible health outcomes
of program activities. For example, the tool does not consider the potential impact of EPT on
antimicrobial resistance.

Despite these challenges and limitations, STIC Figure 2.0 allows STI and HIV prevention
personnel, researchers, and other users to calculate evidence-based estimates of the impact
of program activities. The evidence base for the model behind the tool’s calculations

is described in this manuscript and is documented extensively in the Appendix. The
improved interactive user interface makes it easier to generate and explore the results and
to incorporate the results into reports and presentations for audiences interested in data on
the health and economic impact of STI and HIV prevention activities, such as national, state,
and local public health leaders. The STIC Figure 2.0 tool and User Guide are included in
the supplemental digital content. Dissemination plans are ongoing and include providing a
notification of the availability of STIC Figure 2.0 to all jurisdictions that are directly funded
by CDC for STI prevention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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