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Abstract

Introduction: In spite of chlamydia screening recommendations, U.S. testing coverage continues 

to be low. This study explored the cost-effectiveness of a patient-directed, universal, opportunistic 

Opt-Out Testing strategy (based on insurance coverage, healthcare utilization, and test acceptance 

probabilities) for all women aged 15–24 years compared with current Risk-Based Screening (30% 

coverage) from a societal perspective.

Methods: Based on insurance coverage (80%); healthcare utilization (83%); and test acceptance 

(75%), the proposed Opt-Out Testing strategy would have an expected annual testing coverage of 

approximately 50% for sexually active women aged 15–24 years. A basic compartmental 

heterosexual transmission model was developed to account for population-level transmission 

dynamics. Two groups were assumed based on self-reported sexual activity. All model parameters 

were obtained from the literature. Costs and benefits were tracked over a 50-year period. The 

relative sensitivity of the estimated incremental cost-effectiveness ratios to the variables/

parameters was determined. This study was conducted in 2014–2015.

Results: Based on the model, the Opt-Out Testing strategy decreased the overall chlamydia 

prevalence by > 55% (2.7% to 1.2%). The Opt-Out Testing strategy was cost saving compared 

with the current Risk-Based Screening strategy. The estimated incremental cost-effectiveness ratio 

was most sensitive to the female pre–opt out prevalence, followed by the probability of female 

sequelae and discount rate.

Conclusions: The proposed Opt-Out Testing strategy was cost saving, improving health 

outcomes at a lower net cost than current testing. However, testing gaps would remain because 

many women might not have health insurance coverage, or not utilize health care.

Address correspondence to: Kwame Owusu-Edusei Jr., PhD, Division of STD Prevention, CDC, 1600 Clifton Road, MS E-80, Atlanta 
GA 30333. kowusuedusei@cdc.gov. 

The findings and conclusions in this report are those of the authors and do not necessarily represent the official position of CDC. 
Mention of company names or products does not imply endorsement by CDC.

No financial disclosures were reported by the authors of this paper.

Appendix
Supplementary data
Supplementary data associated with this article can be found at http://dx.doi.org/10.1016/j.amepre.2016.01.007.

HHS Public Access
Author manuscript
Am J Prev Med. Author manuscript; available in PMC 2019 October 10.

Published in final edited form as:
Am J Prev Med. 2016 August ; 51(2): 216–224. doi:10.1016/j.amepre.2016.01.007.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1016/j.amepre.2016.01.007


Introduction

Chlamydia screening has been recommended for sexually active adolescents since 1990, and 

currently the U.S. Preventive Services Task Force and the Centers for Disease Control and 

Prevention (CDC) recommend screening of all sexually active women younger than 25 

years.1,2 Despite these recommendations, screening coverage of sexually active women has 

been low.3–6 Coverage is especially low for adolescents, and a recent study7 found that 

37.9% of sexually active women aged 15–25 years reported a chlamydia test in the past year, 

with rates lowest among those patients with the highest chlamydia prevalence: those aged 

15–19 years. Data reported by the National Committee for Quality Assurance show that 

chlamydia screening coverage rates among sexually active women aged 16–24 years are low 

(less than 42% among those aged 16–20 years enrolled in commercial insurance plans), 

though they have improved from rates that prevailed in the early 2000s: Before 2008, annual 

screening rates for commercially insured sexually active women aged 16–20 years were 

36% or less.8 Medicaid HMO chlamydia screening rates have always been higher than 

commercial chlamydia screening rates but have declined somewhat in recent years, to 51% 

in 2013.8

Adolescents are a priority population for sexually transmitted infection prevention and 

control for several reasons. Disease burden has been highest in this population, and among 

chlamydia cases reported to CDC, the largest number have been in female adolescents.9,10 

Other studies11,12 have found high prevalence of infection among female adolescents. 

Overall, the prevalence of infection was 6.8% among those aged 14–19 years. Optimal 

protection of the reproductive health of young women requires annual testing to detect 

infection, which is usually asymptomatic but if untreated can ascend to cause pelvic 

inflammatory disease (PID).2,13 Both acute PID and subclinical PID can result in damage to 

fallopian tubes, with repeat episodes causing a greater risk of tubal damage and adverse 

outcomes of infertility and ectopic pregnancy.13

Many barriers have been identified that prevent universal annual screening of sexually active 

adolescents, but few studies have identified affordable, sustainable solutions to overcome 

these barriers. Identifying adolescents who have been sexually active in the past year and 

those who should be screened is difficult.14–16 Even among providers who are skillful, 

comfortable, and experienced at taking a sexual history, obtaining accurate information can 

be difficult. One percent of patients reporting zero lifetime partners in computer-assisted 

self-interviews tested positive for chlamydia, and in a recent study, even among adolescents 

who reported abstinence, cases of chlamydia and gonorrhea were found.16–18

Novel chlamydia screening strategies with high patient and provider acceptance could 

improve adherence to existing screening recommendations. A universal Opt-Out Testing 

strategy for chlamydia might improve screening coverage of women aged 15–24 years, a 

population with a high prevalence of chlamydial infection, and protect their long-term 

reproductive health. The current standard practice of Risk-Based Screening requires taking a 

sexual history to identify sexually active women who should be tested for chlamydia, which 

is a barrier to screening.14,15 This study determined the cost and effectiveness of the 
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proposed Opt-Out Testing strategy when compared with the existing Risk-Based Screening 

approach for young women aged 15–24 years from a societal perspective.

Methods

The Chlamydia Opt-Out Testing Strategy

The proposed Opt-Out Testing strategy would target all young women within the high-risk 

age group covered by U.S. Preventive Services Task Force and CDC guidelines (15–24 

years) without regard to their reported sexual activity. Thus, all young women aged 15–24 

years would be eligible for testing unless their record is flagged at check-in as having had a 

negative test within the past 12 months, or they declined to be tested. It was assumed that 

women eligible for Opt-Out Testing would be those with health insurance who have at least 

one clinical encounter in a year.

Consequently, expected testing coverage was the product of insurance coverage (80%19); 

healthcare utilization rate (i.e., the proportion with at least one clinical encounter each year 

[83%11,20]); and the proportion accepting to test. Studies21,22 have generally shown a high 

acceptance for sexually transmitted infection testing among young women. Although the 

acceptability in a clinical encounter is unknown, a test acceptance probability of 75% was 

used in the base case analysis for the sexually active group and 5% for the sexually inactive 

group. Thus, the expected testing coverage for the sexually active group was approximately 

50% (i.e., 0.80 × 0.83 × 0.75) and that for the sexually inactive group was determined using 

the same formula−−3.3% (i.e., 0.80 × 0.83 × 0.05). Also, the expected testing coverage 

would be approximately 63% when the test acceptance probability is increased to 95% (i.e., 

0.80 × 0.83 × 0.95).

Model Summary

To account for population-level transmission dynamics, a basic dynamic compartmental 

transmission model that included two groups based on self-reported sexual activity in the 

past 12 months, with 72%7 being sexually active (high sexual activity group, within the 

range reported in a previous study--model assumption) and 28% inactive (low sexual activity 

group--model assumption) was developed. It was assumed that those classified as “inactive” 

had some sexual activity, albeit low. This provision was included because of studies showing 

that some patients reporting zero partners had chlamydia or gonorrhea; for example, 1.0% of 

women reporting zero lifetime partners in the National Health and Nutrition Examination 

Survey between 1999 and 2002 tested positive for chlamydia.16–18

Figure 1 depicts a schematic of the deterministic population-based compartmental model of 

heterosexual chlamydia transmission that is based on previously published models.23–26 A 

constant population size of 100,000 (half men, half women24,27) was assumed with 

approximately 10% entry–exit rate, because the age cohort examined consisted of 10-year 

birth cohorts (aged 15–24 years).26 All model parameters were obtained from the literature 

(Table 1). The model was calibrated to produce a pre–opt out prevalence (with existing 

screening coverage of 30%) close to the national burden for women aged 15–24 years in the 
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U.S. (approximately 3.21%10,26). Technical details of the model are presented in the 

Appendix (available online).

Health outcomes were measured in quality-adjusted life-years (QALYs) estimated using 

health state utility weights from acute infections and sequelae for both men (epididymitis) 

and women (PID, including chronic pelvic pain, ectopic pregnancy, and infertility).24,26,28 

Three strategies were considered: No Screening (baseline); Risk-Based Screening (current 

practice, 30% of the sexually active [or high sexual activity] group [i.e., 72%] and 0% of the 

sexually inactive [or low sexual activity] group [i.e., 28%] women aged 15–24 years 

screened for chlamydia annually); and Opt-Out Testing (50% of the sexually active/high 

sexual activity [i.e., 72%] and 5% of the sexually inactive [i.e., 28%] women aged 15–24 

years screened for chlamydia annually). All costs were calculated from the societal 

perspective and included direct medical costs for testing, treatment, and indirect costs for 

lost productivity.26 All costs were updated to 2014 U.S. dollars using the medical care 

component of the Consumer Price Index.29 Finally, cumulative cost and effects (QALYs) 

over a 50-year time frame and analytic horizon were estimated for all strategies and 

discounted at a 3% annual rate. A 50-year analytic horizon was used for this study primarily 

because the steady-state (equilibrium) prevalence for Opt-Out Testing was beyond 20–30 

years after onset (Figure 2), although the relative incremental cost-effectiveness ratios 

(ICERs) would have remained pretty much unchanged for shorter analytic horizon. 

Summary results are presented in ICERs.

Sensitivity Analyses

Given that the Opt-Out Testing strategy is primarily designed to increase the annual testing 

coverage, a one-way sensitivity analysis (SA) on the effectiveness of increasing the testing 

coverage was performed. A multi-way SA was performed in which the focus was on the 

cost-effectiveness of the Opt-Out Testing strategy when compared with the status quo (i.e., 

Risk-Based Screening; screening coverage of 30%). Thus, all the variables were varied 

except the pre–opt out screening coverage of 30%. Given the uncertainties surrounding the 

numerous parameter values (N=40) that were used in the model, the sensitivity of the results 

was assessed by conducting a comprehensive SA. First, a more efficient sampling method 

(Latin hypercube sampling23,24,26,30) was used to create 1,000 random combinations of 

parameter values by randomly choosing (without replacement) from 1,000 equiprobable 

parameter value intervals from the ranges provided in Table 1 by assuming uniform 

distribution for all the variables.23,26 Each simulation was run and checked to make sure that 

steady state was reached before and after introducing the strategy.23,26 The resulting 

prevalence (female, male, and total); costs; and QALYs before and after the onset of the 

Opt-Out Testing strategy were recorded.

Next, to determine the relative impact of the variables/parameters, all the values (i.e., 

parameter values, prevalence, and ICERs) were ranked to determine the partial rank 

correlation coefficients (PRCCs).23,26 The PRCCs provided the magnitude of the impact of 

the referent parameter on the ICER after accounting for the changes (in rank) in the other 

parameter values. Thus, the PRCC helped to do two important things. First, the PRCC 

revealed the influential variables/parameters in the model. Second, it allowed the 

Owusu-Edusei et al. Page 4

Am J Prev Med. Author manuscript; available in PMC 2019 October 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



determination of the order of the magnitude of the influence—a hierarchy of influential 

variables/parameters.23,26,30

Following a previous study,26 it was determined in the preliminary analyses that the 

equilibrium female pre–opt out prevalence (i.e., under the Risk-Based Screening) was 

influential in determining the ICER, and that the female pre–opt out prevalence was in turn 

influenced by the other variables in the model. Consequently, the PRCC was done in two 

distinct parts. First, the variables that influenced the female pre–opt out prevalence were 

determined, and then the female pre–opt out prevalence was added in the final PRCC to 

determine the influential variables/parameters for the ICER.26 This study was conducted in 

2014–2015.

Results

Based on the assumptions and the base case parameter values used in this study, total 

chlamydia prevalence without any screening (No Screening strategy) was 5.2% (women, 

6.4%; men, 4.0%), reducing to 2.7% (women, 3.2%; men, 2.2%) when the Risk-Based 

Screening strategy was introduced (Figure 2). When the Risk-Based Screening strategy 

(status quo) was replaced with the Opt-Out Testing strategy, the total prevalence decreased 

further by >55% from 2.7% to 1.2% (Figure 2). Detailed results of the resulting prevalence 

by sex and sexual activity under each strategy are provided in the Appendix (available 

online). Over the analytic horizon, the Risk-Based Screening strategy decreased the 

discounted total cumulative number of sequelae (PID in women and epididymitis in men) by 

approximately 42% (14,990 to 8,754) compared with No Screening. Replacing the Risk-

Based Screening strategy with the Opt-Out Testing strategy decreased the discounted total 

cumulative sequelae (women and men) further by approximately 37% to 5,527 (Table 2). 

Based on the health outcomes and the estimated associated costs, the ICER of the Risk-

Based Screening strategy was cost saving (Table 2) when compared with the No Screening 

strategy, and the ICER of the Opt-Out Testing strategy was also cost saving when compared 

with the status quo Risk-Based Screening strategy (Table 2). In fact, the Opt-Out Testing 

strategy completely dominated the Risk-Based Screening strategy (i.e., the Opt-Out Testing 

strategy was more effective and less costly than the current Risk-Based Screening strategy).

In the one-way SA, when the expected testing coverage for the high sexual activity group 

was >60%, overall prevalence decreased to zero. Thus, overall prevalence decreased to zero 

when the test acceptance probability was increased to 95%. A summary of the first part of 

the multi-way SA is presented in Appendix Table 1 (available online). The top panel 

provides a summary of the results showing the variables/parameters with the highest impact 

on the female pre–opt out prevalence in a hierarchical order. The results showed that the 

most influential variable that impacted the estimated female pre–opt out prevalence was the 

proportion of women in the high sexual activity category, followed by the duration of 

infection-conferred immunity; per-partner transmission probability (male to female); 

duration of asymptomatic infections (female followed by male); proportion of symptomatic 

infections (female followed by male); pre–opt out annual screening coverage (females); 

number of partners in the last year for high sexual activity women; the duration of 
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symptomatic infections in women; the probability of post-screening treatment; and the 

entry–exit rate (Appendix Table 1, available online).

In the lower panel of Appendix Table 1 (available online), the summary results from the 

second and final part of the SA used to determine the hierarchy of influential parameters/

variables of the estimated ICER are shown. The results indicated that the most influential 

variable impacting the estimated ICER was the female pre–opt out prevalence, probability of 

sequelae (females), the discount rate, testing coverage for women in the high sexual activity 

group, and testing cost (Appendix Table 1, available online).

The estimated female pre–opt out prevalence ranged from 0.82% to 5.8%. Based on the 

range of study parameter values, the estimated ICER ranged from cost saving to $19,974/

QALY saved, and >70% of the simulations resulted in cost savings (i.e., the estimated net 

costs were <$0).

Discussion

This study used a simple population-based heterosexual compartmental model to assess the 

health and economic outcomes of the Opt-Out Testing strategy for chlamydia screening 

among a population of sexually active women aged 15–24 years. The model showed that the 

Opt-Out Testing strategy was very effective at reducing chlamydia prevalence in the 

population: The overall chlamydia prevalence decreased by more than half. Other dynamic 

models of chlamydia transmission have found similar results for broadly implemented 

chlamydia screening of young women.31,32 It was found that the Opt-Out Testing strategy 

was cost saving when compared with the status quo Risk-Based Screening strategy. In fact, 

the Opt-Out Testing was more effective and less costly than Risk-Based Screening. The 

finding that the current screening rate was cost saving for high-morbidity populations is 

consistent with previous studies that have reported that screening and treatment of infected 

individuals in high-morbidity settings were cost saving.24,33–37 The principal contribution of 

this study is the proposal of a mechanism to significantly increase screening rates in young 

women.

Limitations

This study has many limitations worth noting. First, the transmission model is an 

oversimplification of real-world events; thus, all limitations associated with models (in 

general) are applicable. Second, all the study variables were obtained from the literature 

with varying magnitudes of uncertainty around them. Some data were drawn from different 

studies conducted in different populations at different times. However, the comprehensive 

SAs should help to reduce these concerns, although the use of PRCC might result in 

misleading conclusions about the influence of variables that had non-linear and non-

monotonic relationship with the ICERs.38 Owing to lack of data on same-sex sexual 

behavior and transmission dynamics, this study focused exclusively on heterosexual 

transmission. Consequently, the model was driven by female parameters, whereas the 

prevalence among men was determined by the resulting equilibria under varying parameter 

and intervention assumptions in the model.26 As a result, the estimated status quo prevalence 
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among men was somewhat different from the national estimates for the same age group 

(2.2% vs 1.7%).10

Because reinfection of treated women by their untreated sex partner is not explicitly 

accounted for in compartmental models, recent studies20,39 have shown that they potentially 

overestimate the impact of chlamydia screening. Thus, the cost-effectiveness of testing/

screening might have been overestimated. Had this study fully accounted for reinfection of 

treated women by their untreated partners, the estimated ICERs might be higher (less 

favorable) than estimated. Because of delays in the development of sequelae and 

discounting, interventions that treat current infections—even if patients become reinfected—

can be cost effective. Owing to lack of data, equal insurance coverage and healthcare 

utilization rates for both the high and low sexually active individuals was assumed. If high 

sexually active individuals are less likely to be insured and have lower utilization rates, then 

the expected testing coverage for the high sexually active women, as determined in this 

model, would be lower and the estimated ICER would be higher (less favorable).

Because the population comprised one age group (age 15–24 years), the model was not age 

structured. As a result, the model ignored the impact of potential differences in the 

transmission dynamics and other estimates (such as test acceptance rates) within that age 

group. Finally, based on the model, applying a higher current screening coverage (i.e., 

>30%) would increase the estimated ICER, making the Opt-Out strategy less favorable.

Although some young women currently have screening rates higher than 30% (such as those 

enrolled in Medicaid HMOs), rates overall (including those who are uninsured) are low. 

However, at any percentage of current screening coverage, if the effective testing coverage 

for the Opt-Out strategy is less than the current screening coverage, then the Opt-Out 

strategy should not be considered.

Universal HIV screening of men and women aged 13–64 years has been recommended since 

2006, in communities and populations with an HIV prevalence of 0.1% or greater. 

Studies40,41 have demonstrated that it resulted in increased HIV screening coverage, 

although implementation of this recommendation has lagged in some healthcare venues such 

as emergency depart-ments.42 HIV prevalence is 0.47% in the U.S. among people aged 13–

49 years.42 In comparison, the prevalence of chlamydia is very high in the target population 

for Opt-Out Testing—3.21% among women aged 15–24 years.10 Many providers find 

conducting a sexual risk assessment difficult, and it is commonly not done at routine visits.
14,15,18 Even if a sexual risk assessment is conducted, adolescents may not disclose relevant 

risk information. Also, adolescents might have limited knowledge of chlamydial infection, 

and be unaware of its potential long-term adverse outcomes.43,44

Such structural health services strategies should be designed to minimize the efforts required 

by the office or clinic staff. Other studies45,46 have demonstrated the effectiveness of such 

structural interventions. Both self-collected vaginal swabs and urine specimens are included 

as appropriate specimens for testing with U.S. Food and Drug Administration–cleared 

nucleic acid amplification tests.47 Studies48,49 have found that the sensitivity and specificity 

of these tests using urine or vaginal swab specimens to be high, and patients have found self-
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collection of vaginal swabs to be preferred to clinician-collected swabs. Currently, 

monitoring chlamydia screening coverage is quite challenging, in part because of the 

difficulty identifying sexually active women who should be tested.50

Conclusions

Using conservative values for the test acceptance probability, this study suggests that 

implementation of an Opt-Out Testing strategy to screen young women for chlamydia during 

clinical encounters might substantially increase screening coverage of sexually active young 

women, and be cost saving. The proposed Opt-Out Testing strategy was highly cost effective 

under a wide range of assumptions/scenarios because it did not require additional costs over 

and above testing and treatment. However, although substantially high test acceptance 

probabilities (>95%51,52) at clinical encounters are achievable, testing gaps would remain 

because many women might not have health insurance coverage or not utilize healthcare. 

Further studies are needed to assess the effectiveness of this strategy in clinical settings.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Schematic for exploring the cost-effectiveness of an Opt-Out Testing strategy for chlamydia 

screening.

Note: Infected individuals move into the exposed (E, incubation compartment). From E, they 

move to either the infectious asymptomatic (Ia or infectious symptomatic (Is) based on the 

probability of being symptomatic and the duration of incubation. Infected persons may 

recover naturally and move to the infection-conferred immunity compartment R, be treated 

and move back to the susceptible compartment S, or develop chlamydia-associated 

complications and enter the sequelae compartment Z.

S, susceptible; E, exposed; Ia, infectious asymptomatic; Is, infectious symptomatic; R, 

infection-conferred immunity; Z, sequelae.
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Figure 2. 
Time-prevalence chart for the annual Risk-Based Screening and the Opt-Out Testing 

strategies for females aged 15–24 years old in the U.S.

Note: To avoid clutter by overlaying the estimated prevalence lines for each strategy over the 

same period and for illustrative purposes, the start of the strategies (Status quo screening and 

Opt-Out Testing) were separated. When estimating the health and economic outcomes, each 

strategy was started at the 100-year mark and outcomes were tracked over the 50-year time 

horizon, which ended at the 150-year mark.
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