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IN STUDIES OF SEXUALLY TRANSMITTED DISEASE (STD) and HIV epidemiology and prevention, it is tempting to focus on the measurement of risk behaviors rather than on the measurement of STDs and HIV themselves. Particularly in intervention studies, measuring biomedical outcomes can be complicated and costly. An intervention study where the goal is to have 80% likelihood of finding a difference between intervention and control groups at P < 0.05, requires 313 persons per arm if the outcome of interest is an increase in condom use from 20% to 30%. On the other hand, if the outcome of interest is a decrease from 10% to 8% in the gonorrhea reinfection rate in an STD clinic population, 3,312 persons would be required per arm. A decrease in HIV incidence from 0.5% to 0.4% would require 72,307 persons per arm.

Measuring risk behaviors in lieu of STDs and HIV, however, is problematic. A number of observational studies that explored the relationship between behavioral and biomedical outcomes failed to show a strong relationship between behaviors and acquisition of sexually transmitted infection. 1–9 Moreover, some behavioral intervention studies also failed to show a strong relationship between behaviors and STD acquisition. 10–12 The debate surrounding the issue of discordance between behavioral and biomedical outcome measures has focused on the imperfections in behavioral outcome measurement. 1–6,13 In this issue of Sexually Transmitted Diseases, Shain and colleagues 14 present results of additional analyses of data from project SAFE. 15 They put forth the compelling argument that incorporating context into the conceptualization of behavioral measurements and considering several behaviors simultaneously may resolve the inconsistencies between behavioral and biomedical outcomes.

Current approaches to STD epidemiology recognize at least three distinct components of STD transmission dynamics: transmissibility of infection upon exposure between an infected and an uninfected person, likelihood of sexual exposure between infected and uninfected individuals, and duration of infection among infected persons. 16 Consistent with this recognition, behavioral interventions aimed at reducing STD transmission focus on: (1) behaviors related to transmission of infection between infected and uninfected partners, including condom use (or unsafe sex), sexual practices such as anal sex or dry sex, douching practices and abstaining from sex until the completion of therapy; (2) behaviors related to sexual exposure between infected and uninfected persons, including sex with infected or untreated partners, lack of mutual monogamy, rapid partner turnover, number of partners, number of new partners, and choice of partners; and (3) duration of infection or infectiousness, such as the timely seeking of healthcare and treating of partners.

Despite clear recognition of the three distinct components of STD transmission dynamics, in general, neither observational nor intervention studies of the relationship between behavioral and biomedical outcomes of STD transmission adequately differentiate among these three components. Such studies often rely on the measurement of relevant behaviors and statistical analyses as they attempt to relate behaviors to the overall outcome—acquisition of a sexually transmitted infection. While some intervention studies have incorporated aspects of the three components into the intervention 15,17 and measurement of behavior, too often these issues are not taken into consideration in study design.

Specification of the behaviors, the outcomes, and the sexually transmitted infection in question may have important implications for study design, study populations, and follow-up periods.
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Transmission Probability and Behaviors

Behaviors related to transmissibility can be evaluated effectively only in discordant partners. 18–20 In project SAFE the strongest association between behavioral and biomedical outcomes (new infection) was found for persons who had sex with an untreated partner. 14 In the 1980s a number of partner studies examined the probability of heterosexual transmission of HIV. 21 Transmission probabilities of other sexually transmitted infections generally have not been examined through discordant partner studies.

One behavior that is closely related to transmission probability is condom use. Many studies of the association between use of condoms and acquisition of sexually transmitted infections have yielded paradoxical results. People who use condoms are found to be at least as likely to acquire infections as people who do not use condoms. People tend to use condoms with partners who they think are risky but not with partners who they consider to be safe. Consequently, increased condom use may be a marker either of decreased STD transmission risk or of increased likelihood of STD exposure. Outside the context of discordant partner studies, it may be almost impossible to tease out the effects of interaction between behaviors and risk, and to study the relationship between behaviors and transmissibility effectively.

Specification of the sexually transmitted infection under consideration may have implications for the required period of observation and sexual activity level of the study population. Infections caused by highly infectious pathogens such as gonorrhea may be studied in moderately sexually active discordant couples over relatively short observation periods. Infections caused by pathogens of low infectivity such as herpes may necessitate the enrollment of highly sexually active couples over longer observation periods.
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Risk of STD Exposure and Behaviors

The association between behavior and exposure to infected sex partners may be effectively studied among partnered and nonpartnered persons. Behaviors of both the respondent and his/her partners are critical determinants of exposure risk. A large number of behavioral and epidemiologic indicators are used in attempts to assess partners’ infection status. Parameters including number of sex partners, number of new partners, presence of concurrent partnerships, the gap between sex partners, partners’ number of partners, and risk status of partners’ partners have all been used to assess sex partners’ infection status.

The particular sexually transmitted infection under consideration may have important implications for the study of the association between risk of STD exposure and related behaviors. The association may be easier to study when the sexually transmitted infection under consideration is moderately prevalent in a population. For sexually transmitted infections of very low prevalence, e.g., chancroid in the United States, even very large numbers of new partners or high levels of concurrency may not be associated with risk of STD exposure. Conversely, for sexually transmitted infections of very high prevalence, e.g., human papillomavirus, even very small numbers of sex partners or low levels of other risk-taking activities may be associated with risk of STD exposure. Thus, in choosing the study population it is important to consider the specific STD being studied; both the distributions of relevant behaviors and the distribution of infection are important in this context.
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Measurement Error and the Relationship Between Behaviors and Biomedical Outcomes

Measurement of sexual behaviors almost by definition depends on self-reports of respondents. Consequently, sampling procedures, representativeness of the sample of respondents, response or participation rates, item specific response rates, bias in reporting and recall may all contribute to errors in measurement. 18 Systematic measurement errors in study design and analysis may have an important impact on inferences of association. The role of differential misclassification or systematic measurement error is widely recognized and, in most studies, care is taken to minimize this type of bias. 18 The effects of random measurement error, or nondifferential misclassification, on epidemiologic inference often receive less attention. 22 Nondifferential misclassification of exposures and outcomes will lead to an attenuation of the resulting measure of association.

Sexual behavior measurement involves the measurement of and cross-adjustment for several sexual behaviors that are often related to each other. Random measurement error in potential confounding variables may influence the inferences made from study results. 22 Nondifferential misclassification of a dichotomous confounding variable may lead to residual confounding and the false appearance of statistical interaction. 23 Random measurement error in confounders that are continuous variables may bias the adjusted measure of association unpredictably. 24,25 Such misclassification is of greatest concern when the exposure-disease association is relatively weak compared to the exposure-confounder and outcome-confounder relation. 26 Small random errors may have major effects on adjusted measures of association, and multivariate analyses may compound the unpredictability of the effects of misclassification. 27 Random measurement error may play an important role in studies that attempt to adjust for sexual behaviors such as numbers and types of sex partners, condom use practices, or number of sex acts. All STD studies that focus on sexual behavior have to adjust for some sexual behaviors as they attempt to measure the effects of others.

The relationship between behavior and biomedical parameters in the epidemiology of sexually transmitted infections is complex. The aggregated approach, which tends to combine behaviors related to transmission and behaviors related to exposure as “sexual risk behavior,” and all sexually transmitted infections as “biomedical outcome,” leads to the persistence of the behavioral/biomedical outcome conundrum. Perhaps the time has come for a more analytical, stratified approach.
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