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Abstract

Background. Due to rising health care costs and increases in client volumes, it is imperative to
develop systems that make efficient use of increasingly scarce publicly funded sexual health
resources. With this in mind, an internet-based testing program that provides online access to STI
testing is in development in British Columbia (BC) to improve the accessibility and limit the burden
on health resources. However, much is still unknown about how to implement risk assessment and
recommend tests in online settings. Prediction rules have been shown to successfully increase
efficiency and cost-effectiveness of STI case finding. The aim of this dissertation was to develop and
validate a risk-scoring algorithm for the selective screening of asymptomatic patients at increased
risk for chlamydia and gonorrhoea infections.
Methods. The risk-scoring algorithm was derived from a multivariate logistic regression of patient
visits at two sexual health clinics in Vancouver between 2000 and 2006 (i.e., derivation population)
and validated in a subsequent time period between 2007 and 2012 (i.e., temporal validation
population). The model’s performance was evaluated using the area under the receiver operating
characteristic curve (AUC) and the Hosmer-Lemeshow (H-L) statistic. Geographical validation was
performed using seven sexual health clinics outside of Vancouver between 2000 and 2012.
Results. The prevalence of infection was 1.8% (n=10,437), 2.2% (n=14,956), and 5.3% (n=10,425)
in the derivation, temporal validation, and geographical validation populations, respectively. The
predictors that comprised the algorithm were young age, non-white race/ethnicity, multiple sexual
partners, previous chlamydia or gonorrhoea infection. The model discriminative accuracy was good
in the derivation population (AUC=0.74, 95% CI: 0.70-0.77) and acceptable in the temporal
(AUC=0.64, 95% CI: 0.61-0.67) and geographical (AUC=0.69, 95% CI: 0.67-0.71) validation
populations. The model also demonstrated adequate calibration and screening performance in all
three populations.
Conclusions. The results from this research will have important implications for scaling up of
Internet-based testing in BC. The algorithm could be adapted in an online setting to offer
individualized testing recommendations and create educational materials to inform other Web-based
content by creating awareness about STI risk factors, which may stimulate health care seeking
behaviour among individuals accessing the website.
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Chapter 1: Introduction

1.1

STIs – An important individual and public health problem
The 2012 Chief Public Health Officer’s Report on the State of Public Health in Canada drew

notable attention to the increasing rates of communicable diseases such as sexually transmitted
infections (STI) including HIV and their threat to the health of individuals and populations [1]. STIs
are significant sources of morbidity through their impact on reproductive and child health [2].
Undiagnosed and untreated infections often have long-term consequences such as pelvic
inflammatory disease, ectopic pregnancy, and infertility [1]. In children born to infected mothers,
bacterial STIs (such as chlamydia, gonorrhoea and syphilis) can cause serious conditions, such as low
birth weight, pneumonia, and congenital syphilis [1]. STIs also impose a large burden of mortality
indirectly through their role in facilitating the sexual transmission of HIV infection [1]. At the
population level, untreated STIs can also act as reservoirs for future infection. Furthermore, the
indirect costs (in unpaid leave and lost wages) and the intangible costs (e.g., emotional distress,
intimate partner violence, shame, stigma, and pain) generate an overall human cost that may be
difficult to appraise, but that exacts a significant toll.
These costs disproportionately impact sexually active youth and young adults as this group is
well-represented [3] in the case reports for the four nationally reportable STIs in Canada: HIV,
chlamydia, gonorrhoea and infectious syphilis – infections that have dissimilar epidemiological
profiles [4]. Chlamydia is the most frequently detected and reported bacterial STI and chlamydial
incidence has been steadily increasing in British Columbia (BC) since 1997 among all age groups [3].
In 2012, women aged 20-24 years experienced the highest rate of chlamydia in BC (1863.3 cases per
100,000 population), while women aged 15-19 years experienced the second highest chlamydia rate
(1433.0 cases per 100,000 population) [3]. Among men, chlamydia rates for young men in BC were
351.9 cases per 100,000 population (men aged 15-19 years) and 810.8 cases per 100,000 population
(men aged 20-24 years), compared with the BC population average of 192.3 per 100,000 population
among all males in 2012 [3].
Gonorrhoea is the second most frequently diagnosed and reported bacterial STI [3]. There
has been gradual rise in gonococcal infection rate since 1997, however, this rate has been relatively
stable since 2007. The current incidence levels of this infection have been attributed to a network of
1

people with high-transmission activities [4]. Males comprise more than two-thirds of reported cases
in BC in 2012 [3]. Young men aged 20-29 years and young women aged 15-24 years are the most
affected by gonorrhoea [3]. For the last twenty years, public health officials have been concerned
that gonorrhoea might become resistant to the last widely available antibiotics used to treat it, a class
of drugs called quinolones [3]. Recent trends also indicate that gonorrhoea is now widely resistant to
quinolones [4,5]. A study conducted in Ontario found that 28% of N. gonorrhoeae isolates were
resistant to this class of antibiotics in 2006; in this setting, men who have sex with men (MSM) were
significantly more likely to contribute to the quinolones resistance rate [6]. The continual monitoring
of antimicrobial resistance trends is essential to ensure high treatment and cure rates for gonorrhoeal
infection [7].
Infectious syphilis is the least frequently diagnosed of the nationally reportable bacterial
STIs. Syphilis, which was previously rare in Canada, dramatically increased between 2000 and 2012
in males and females, but especially in males [3]. In 2012, 84% of the reported syphilis cases in BC
were attributed to MSM transmission [3]. Recently, localised outbreaks of infectious syphilis have
been reported in several geographical locations in Canada including Vancouver, Calgary, Montreal,
and the Northwest Territories [4]. Most of the outbreaks have been among MSM and some
outbreaks have been related to sex work [3].
There has been a steady decline in HIV rates in Canada and BC [8]. However, the HIV
epidemic in Canada is complex, with differing infection rates in specific population sub-groups.
MSM, injection drug users (IDUs), and adolescent females are high risk populations for infection [8].
MSM comprise the greatest number of new positive HIV tests per year in BC [8]. In 2012, youth
(ages 25-29) experienced the highest rate of infection (22.0 cases per 100,000 population). Recent
epidemiological trends indicate that HIV prevalence is low among Canadian youth, however,
behavioural and STI data surveillance data clearly signify that the potential for HIV transmission
remains considerable in this population [8], especially among young Canadians with the following
characteristics: street-involvement, MSM, and IDU [9,10].
1.2

Publicly funded sexual health clinics
The determinants of STI epidemics include the three factors that define the rate of increase

or basic reproduction rate (R0) of STIs in populations: infectivity or the probability that an exposed
person will acquire the infection (!), rate of exposure between susceptible individuals to infected
2

individuals (c), and the time that newly infected persons remain infectious (D), and the factors that
affect those variables. The higher the value of R0, the greater the potential for the STI to spread in a
population. The three determinants (!, c, and D) are subject to different influences and immense
heterogeneity across populations, communities and infection pathogen [11]. In this dissertation, the
basic reproduction rate has two overarching functions to guide the understanding of STI risk on an
individual (i.e., the cause of the case or the prevalent infection) and population-based (i.e., the cause
of the incident cases) level [12,13]. The former function is the basis of the understanding of
individualized risk assessment that is the theme of this dissertation. However, a detailed explanation
of the population health impact of R0 is warranted in order to define the broader epidemiological
context of this dissertation.
Specifically, the three main strategies for effective population-based control of STIs emerged
from an understanding of R0 [2]. The first strategy is to reduce the risk of transmission during sexual
contact through safer sex practices like condom use. The second strategy is to reduce the number of
new sexual partners through effective behavioural change initiatives. The third strategy is to reduce
the period of infectivity achieved through accessible sexual health clinical services, screening and
treatment of individuals at increased risk, and effective contact tracing of STI cases. In many
countries, publicly funded sexual health clinics are tasked with the third component of STI control
and many of those provide no - or low-cost STI testing and treatment services. However, emerging
budgetary limitations appear to be affecting public health infrastructure (even in many high-income
countries), which have led to STI clinic closures and/or scale-back of operations in some
jurisdictions [14,15]. For example, in BC, five STI clinics were closed in 2011 [16] and to further
complicate the situation, in many jurisdictions across BC, STI clinics are operating at maximum
capacity amidst rising STI rates [17]. Increased clinic patient volumes contribute to scenarios where
clinicians are faced with providing more services with diminishing resources [15,18].
It is also important to appreciate the context of sexual health service provision, which is
perhaps unique from other medical disciplines, in several ways. For example, sexual health service
provision settings do not typically benefit from high profile public advocacy initiatives (e.g., few
citizens organise and engage in letter writing campaigns demanding that government officials
provide additional resources to address excessive wait-times or geographical barriers to STI testing)
[18]. In fact, a significant proportion of clinic attendees prefer to test anonymously or
pseudonymously. This field is one where stigma and popular misconceptions remain significant
3

barriers to care [18], and where there is little public appreciation of the complexities of providing
high quality services. For example, in many jurisdictions, community-based sexual health clinics
diagnose a high proportion of STI cases (e.g., as many as 20% of chlamydia cases, 35% of
gonorrhoea cases, and 35% of HIV cases) [14]. And, large proportions of patients presenting at
these clinics are uninsured or socially marginalised, (e.g., MSM; racial minorities). These clinics also
often serve as training sites for new health professionals (e.g., nurses; physicians); and, these clinics
are in many cases the focal point for studying the diagnosis, treatment, and prevention of STIs
within the healthcare system [14].
1.3

Internet-based sexual health delivery programs
In light of these realities, there is an urgent need for the adoption of innovative service

delivery options that provide high quality and comprehensive STI services while limiting the burden
on resources (e.g., budgets; staff; infrastructure) [19]. Health agencies are increasingly using the
Internet to meet emerging needs for disease control and as adjuncts to existing clinical and public
health services [20,21] in order to improve the accessibility (particularly in rural or remote regions),
quality, and appropriateness of services [17,22]. For example, internet-based programs for chronic
diseases (e.g., asthma, breast cancer, diabetes) have demonstrated effectiveness [23-25]. Many
jurisdictions have implemented an array of internet-based sexual health interventions, including
testing programs which have been proposed as potentially cost-reducing and patient-centred
alternative service delivery models [21,26]. These models are facilitated in part by the increasing
adoption of highly sensitive and specific STI testing technologies, including Nucleic Acid
Amplification Tests (NAAT) conducted on urine specimens and point of care (rapid) testing, which
make the provision of testing services more convenient and accessible in these alternative settings
where patients have limited interaction with clinicians [27].
In BC, an Internet-based STI testing service – Get Checked Online (GCO) – is being
developed and pilot tested. GCO is intended to complement existing face-to-face clinic-based sexual
health services, with the goal of increasing online testing uptake and therefore potentially easing
barriers to testing as well as providing an alternative venue to clinic-based services [21,28]. GCO’s
model of integrated Internet testing, clinic-based sexual health services, and public health and
laboratory systems is unique. Clients accessing GCO will complete a risk assessment module,
download a test requisition, provide blood and/or urine specimens at designated collection sites, and
4

retrieve negative results online or positive results in-person or by phone. A more comprehensive
description of GCO is available at: [http://bclovebytes.wordpress.com/about/].
Although the feasibility of internet-based testing programs has been established, rigorous
empirical research studies are rare and urgently needed to ensure their sustainability, quality,
comprehensiveness and flexibility [17]. In the current GCO model, clients who are symptomatic or
are sexual contacts of infected individuals are considered to need immediate clinical assessment and
will be triaged to receiving care at STI clinics. However, much remains to be learned about how to
maximise internet-based testing experiences for those at highest risk for STIs, especially in the
absence of clinician interaction as will be the case for eligible GCO clients. In this scenario, universal
testing of everyone who presents for testing is not likely to reflect a prudent choice as STI
prevalence rates are expected to be low in this population (i.e., asymptomatic and non-sexual
contacts) [29]. In order to maximise case finding in this setting, developing criteria for selective
screening (based on risk assessment and entails the screening of individuals who meet pre-specified
criteria) may be a prudent approach because it minimises the costs associated with testing individuals
at low risk [27]. However, unlike traditional (or face-to-face) clinical encounters, STI assessment in
internet-based settings is not well articulated.
1.4

STI risk assessment
In traditional clinical encounters, a comprehensive consultation often includes risk

assessment and helps clinicians in evaluating a patient’s sexual behaviours, and also guides
counselling and testing recommendations [30]. During these consultations, estimating the probability
of infection in a patient requires an understanding of STI epidemiological trends and the risk factors
that facilitate STI transmission. The elements that comprise an STI risk assessment questionnaire
include detailed inquiries about the patient’s relationship status, sexual risk behaviours, STI history,
reproductive health history, substance use and psychosocial history [4,31]. Clinical guidelines
recommend inquiring about the patient’s relationship status (e.g., regular/casual sex partners) and
the nature of the relationship (and timing of the relationship). This is because an individual's risk for
STI/HIV may increase with each new sex partner [32,33]. New sexual partners facilitate a potential
pool of infection into a sexual relationship [32,33]. In addition, it is often difficult to know the sexual
history of new partners or whether they are presently infected with an STI [34]. The increased risk
5

associated with new sexual partnership has been shown to be potentially problematic among
adolescents who are more likely to engage in sexual partnerships of short duration [32-34].
The clinical guidelines also recommend asking patients about any concerns they have relating
to their current relationship (e.g., violence, coercion, abuse). The impact of intimate partner violence
(IPV) on STI risk factors has been explored extensively, especially among women [35]. Current
research indicates that instances of IPV precipitate sexual coercion, which could indirectly facilitate
reduced sexual and condom negotiation practices [35]. One survey performed in a publicly-funded
sexual health clinic in San Francisco documented a high prevalence of IPV among female patients
and identified a significant association between IPV, STI/HIV risk factors, and self-reported STI
history [35]. Compared with non-abused female patients, abused women attending this clinic were
more likely to report being in high-risk sexual partnerships with IDUs, HIV-infected men, or MSM
and sex work [35].
Questions about the patient’s sexual risk behaviours such as number of partners, sexual
activities (e.g., anal/oral/vaginal), sexual preference or orientation, condom use, and partner
recruitment sites (Internet, bathhouse, travelling) are also essential to determine the patient’s risk
profile. The significance of patterns of sexual partnerships is highlighted in studies of sexual
networks. In STI transmission dynamics, the “core” represents the innermost circle of the network
with the highest concentration of risky behaviour and infection incidence such as IDUs and
commercial sex workers [36]. Individuals in the “periphery” belong to the outermost circle of the
network and are considered to be at the lowest risk for infection and have the lowest infection
incidence [36]. However, “bridge” members, situated between the core and periphery, have STI
incidence that is lower than the core but higher than the periphery and are crucial in the spread of
infection from high-risk core groups to the general population [36]. Another emerging facet in the
“bridging” of risk groups is the venue of sexual partner recruitment [37]. In a study of MSM
recruited in several cities in the United States, the most endorsed venues for meeting sexual partners
were found to be bathhouses, bars/clubs, and the Internet [37]. However, this study also found that
MSM showing preference for bars/clubs were unlike MSM with preference for bathhouses or the
Internet in terms of their demographic profile and sexual behaviour (e.g. age, number of sex
partners, condom use) [37]. For example, MSM who recruit sexual partners online have been shown
to have higher odds of unprotected anal intercourse [38]. However, it is still unclear as to whether
6

the Internet facilitates risk behaviours (i.e., promotes risky sex) or is a venue for high-risk sexual
behaviours that would happen elsewhere.
The timing of sexual partnerships is another important dimension that influences STI
transmission dynamics [39-42]. The literature identifies frequent concurrent partnerships (i.e., having
frequent partners overlapping in time) and narrow partnership gap (i.e., having short duration of
time between the end of one sexual partnership and the beginning of the next sexual partnership) as
features that amplify the spread of STIs [39-42]. In addition, serial monogamy – in which the
duration of time elapsed between last sex with one partner and first sex with the next partner is
shorter than the duration of infectiousness of any untreated infection is also a known facilitator of
STI transmission [32,39,41,43]. Although individuals in these relationships may self-report having
lower STI risk, serially monogamous relationships, with known and committed partners, may not
provide sufficient protection from STI [39].
Other components of risk assessment are reproductive health history (e.g., contraceptive
use, Pap testing, pregnancy) and STI history (e.g., previous STI test, previous STI diagnosis). The
use of oral contraception is frequently associated with lower rates of condom use [4]. This is because
individuals in relationships often transition from condom use to oral contraception without testing
for STI [4]. Consequently, the use of oral contraception is often associated with increased incidence
of STI [4]. In addition, previous STI diagnosis is another potential predictor of current STI
diagnosis. The endemic rates of chlamydia and gonorrhoea have been attributed more to individuals
with repeat infections than those with single infections [44-46]. It has been hypothesised that
network level factors may be operating, i.e., an increased prevalence of STI in an individual’s social
network may be associated with a high risk for new infections as well as frequent infections [44,45].
The assessment of an individual’s substance use (e.g., sex under influence, shared equipment for
injection) and psychosocial history (e.g., sex trade work, housing) are also essential aspects of sexual
health consultations. Alcohol or drug use prior to sexual activity reduces inhibitions and could
influence sexual and condom negotiation practices [30,36]. Drug users are important members of
the core group [30,36]. The reason for the higher risk of STIs commonly found in drug users is a
complex issue and potentially related to their increased number of sexual partners and participation
in unprotected sex resulting from sex work (e.g., sex for drugs or money to buy drugs), especially
among women [30,36].
7

1.5

Risk estimation for sexual health decision making
In traditional clinical encounters, whether in STI clinics or general practice settings, the risk

factors mentioned in the above section frequently comprise the selective screening criteria that are
used as decision aids to provide clinicians with assistance in distilling and applying the scientific
literature to recommend specific STI tests and prioritise patient groups. This dissertation
differentiates between mass/universal screening, selective screening, and selective testing. Universal
screening is a strategy used to identify or predict infections in individuals without signs or symptoms
within a defined group, such as a population, family, or workforce [47]. An example of the use of
universal screening in sexual health is in the targeting of young women less than 25 years of age for
chlamydia screening without regard to risk behaviours [30]. Selective or high risk screening identifies
individuals who are known to be at higher risk; for example, commonly cited screening criteria
include combinations of risk factors such as multiple sexual partners, inconsistent condom use, and
new sexual partners. In contrast, selective testing (for the purposes of this dissertation) refers to the
identification of high risk individuals for diagnostic testing when there is a suspicion of infection due
either to the presence of symptoms, or high risk exposure (e.g., contact of someone with an STI).
The criteria used for the selective screening of STIs are most frequently derived from clinical
guidelines and usually involve a combination of demographic (e.g., age; sex), behavioural (e.g.,
condom use; number of sexual partners) and clinical risk factors (e.g., previous STI diagnosis).
However, recent criticism of screening guidelines highlight the differences that exist between the
extent to which evidence drives specific STI screening recommendations and, to a certain extent,
query whether in fact guidelines have sufficient evidence supporting them to optimise case finding
[48]. Unlike HIV and syphilis, which are predominantly found in high risk or core groups, chlamydia
- and gonorrhoea to a lesser extent - is spread among young people in general. However,
population-based guidelines (such as screening those under 25 years old for chlamydia or
gonorrhoea infection) may not be sufficiently flexible to meet budget constraints for some public
health programs.
The generalisability of these screening recommendations is perceived to be uncertain
because most recommendations have been developed in geographically and clinically restricted
settings without validation in other populations [49,50]. While some factors, such as age, can be
expected to contribute significantly to STI burden in virtually any setting, the association of
infection with other factors (e.g., race/ethnicity; IDU) may differ considerably across contexts [36].
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Other factors cited as contributing to the poor generalisability of screening recommendations
include: selection bias due to study samples; differences in risk determinants between study
populations; dissimilar populations and settings; and varying operationalisation (or measurements) of
risk determinants [51].
There is growing support for more nuanced or personalised risk assessment approaches [52].
The current understanding is that screening recommendations could be improved by tailoring
recommendations to the specific circumstances of the patient through the use of clinical prediction rules
(CPRs). CPRs use combinations of risk factors that have been statistically demonstrated to be
meaningful predictors to calculate a numerical probability for the presence of a specific condition or
likelihood of an outcome [53,54]. This allows for more nuanced and precise decision-making than
population based guidelines when applied to individual patients [55]. CPRs are used extensively in
chronic disease research. One widely used CPR is the Framingham risk score, a tool used for
predicting ten-year risk of cardiovascular outcomes like myocardial infarction and stroke [56,57].
CPRs have potential applications in sexual health decision-making. CPRs used to derive
selective screening criteria may help prioritise STI testing resources and help clinicians and public
health administrators make decisions about where to focus STI screening efforts on the individual
and population level. Specifically, CPRs can be used in targeted screening programs, public
education initiatives, and risk communication to patients to encourage STI testing or behaviour
modification [27,58]. However, the vast majority of these prediction rules remain unevaluated and
their accuracy and generalisability are rarely interrogated within the context of STIs, although they
have been investigated in chronic disease contexts [59]. For this reason, novel research is required to
inform the development of well-performing, evidence-based CPRs that have potential for improving
sexual health care service provision. Specifically, this dissertation focuses on deriving a CPR that can
be used as a selective screening criterion for chlamydia and gonorrhoea infections.
1.6

Theoretical framework
This dissertation uses a well-established framework for the development of CPRs [60,61].

The framework describes an approach for evaluating CPRs based on the accuracy or measures of a
CPR’s performance and generalisability or features that facilitate a CPR’s validity [60,62]. Accuracy,
generally measured by two metrics (discrimination and calibration), reflects the degree to which the
predictions match the outcomes. Discrimination is a measure of how well the CPR distinguishes
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between those who do and do not have the disease of interest [62]. Calibration is a measure of how
well the CPR’s predicted probabilities agree with actual observed risk [62].
No matter how well calibrated or discriminating a CPR may be in development, a CPR that
can only predict outcomes accurately in the population in which it is developed does not have huge
utility [60]. For a CPR to be most useful it must also be generalisable; and, its accuracy must be both
reproducible and transportable. Reproducibility or internal validity is the ability of the CPR to
produce accurate predictions among individuals not included in the derivation of the CPR but who
are from the same population [60]. Transportability or generalisability refers to the CPR’s ability to
produce accurate predictions among individuals drawn from a different, but reasonably related
population [60]. The generalisability of a CPR is established as it is tested and found to be accurate
across increasingly diverse settings (e.g., time periods and geographical locations) [60]. The more
numerous and varied the settings in which a CPR is found to have good discriminative and
calibration performance, the more likely it will generalise to another untested setting [60].
Consequently, the analyses presented in the current dissertation were informed by the hierarchical
and iterative pathways described by the theoretical framework (as shown in Figure 1.1 and
expounded upon in the next section).
1.7

Study setting and design
The empirical analyses presented in this dissertation (Chapters 4 and 5) rely on data collected

at sexual health clinics located at nine geographical sites in BC. To avoid replication in subsequent
chapters, the features of the study setting, population and design are summarised here. Briefly, this
study involved a population-based, cross-sectional analysis of electronic records of patients visits
collected at publicly funded STI clinics that offer physical examination and treatment for STIs in
BC. The electronic records were derived from the STI Information System (STI IS), a database that
houses risk assessment information and laboratory results of patient visits at these clinics. Data from
each new client consultation between 2000 and 2012 among women and men who have sex with
women were included. This analysis was limited to asymptomatic clinic visits that are not sexual
contacts of known STI cases. Repeat visits within 30 days of a previous clinical visit were also
excluded to avoid including clients receiving confirmatory diagnoses. The outcome measured in this
study was chlamydia and/or gonorrhoea infection, which are reportable diseases in the
Communicable Disease Regulation of the Public Health Act of British Columbia [63]. Appendix A
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shows the geographical distribution of chlamydia and/or gonorrhoea infection rate in 2012 by
Health Service Delivery Area (HSDA) in BC. Practitioners at STI clinics may order the following
specimens to test for chlamydia or gonorrhoea: urine specimens and swabs (cervical, vaginal,
urethral, rectal, oral swabs), which are tested using nucleic acid amplification test (NAAT) or via
cultures (gonorrhoea only) [63]. Chlamydia and gonorrhoea infection was measured as a composite
outcome because most laboratories use multiplex assays that test for both infections simultaneously
[64] and also because the relevant clinical decision is whether to offer this test or not.
The dissertation’s methodological framework is outlined in Figure 1.1. Briefly, the prediction
rule was created using the data gathered from the development population and the generalisability of the
criteria was tested in the validation populations. The development population is comprised of patient visits
at the West 12th Avenue and Bute Street clinics in Vancouver between 2000 and 2006 (n=10,437;
where chlamydia and/or gonorrhoea prevalence was 1.8%). Both clinics are low-threshold (i.e.,
proof of health insurance is not required nor is proof of identity) outpatient clinics operated by the
BC Centre for Disease Control (BCCDC). They provide STI assessment and management services,
including HIV testing, for clients from throughout the Greater Vancouver area. Chlamydia,
gonorrhoea, syphilis, and HIV tests are generally offered to all sexually active clients at each clinic
visit.
Both the temporal and geographical generalisability of the prediction rule was examined.
The temporal validation population included visits at the Vancouver clinics between 2007 and 2012
(n=14,956; chlamydia and/or gonorrhoea prevalence was 2.2%). The geographical validation
populations included clinic visits at publicly funded sexual health clinics located in the following
geographical locations in BC – Penticton, Kelowna, Kamloops, New Westminster, Boundary,
Courtenay, and Prince George (see map in Appendix B). The study analysed computerised records
from clients attending these clinics between 2000 and 2012 (n=10,425; chlamydia and/or
gonorrhoea prevalence was 5.3%). These clinics use the same electronic charting system as the
BCCDC clinics (West 12th and Bute Street); thus, the consistent nature of the data collection
methods across the clinics allows for the direct comparison of data between individuals attending
the clinics.
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1.8

Understanding the roles of proximate and distal determinants
This dissertation uses the proximate determinant framework [65,66] as the theoretical

foundation for the selection, operationalisation, and interpretation of explanatory variables (or risk
factors) in the prediction rule. Figure 1.2 shows the proximate-determinants framework for infection
with STIs, which links social determinants (depicted on the left of Figure 1.2) with biological
outcomes (depicted on the right of Figure 1.2). The socio-demographic variables (or distal
determinants) operate through proximate determinants that in turn influence the outcome of interest
– chlamydia and/or gonorrhoea infection. For example, consider the frequently noted association
between involvement in sex work and STIs. Being paid for sex or paying for sex does not, in itself,
increase an individual’s risk of infection [65,66]. This association exists because those who are paid
for sex or those who pay for sex on average have more sexual partners and those partners have a
higher probability of being infected [65,66].
In this framework, the immediate determinants of infection that comprise R0 become
relevant for individualized risk assessment. Specifically, proximate determinants are also known as
biosocial mechanisms. The reason is that proximate determinants have both social/behavioural
characteristics (e.g., exposure to susceptible individuals, c) as well as biological characteristics (e.g.,
efficiency of transmission per act, !) [65,66]. Prior to conducting any statistical analysis, the variables
captured in STI IS were mapped to the framework in order to develop a detailed understanding of
their contribution to an individual’s overall STI risk. The framework acknowledges the ‘hierarchy’ of
STI risk by postulating that structural factors or underlying factors (e.g., economic inequities,
barriers to STI prevention and treatment services, law enforcement activities) and sociodemographic determinants (e.g., age, sex, race/ethnicity) must operate through more proximate risk
factors (e.g., unprotected sex, number of sexual partners) to cause STIs [31,65-67]. The discussion of
the findings of this dissertation will take advantage of the ‘upstream to downstream’ nature of risk
outlined in the framework to understand the associations found between the determinants and STIs
and will generate evidence that can be used to inform how GCO can be scaled-up effectively to
avoid exacerbating sexual health inequities, particularly amongst vulnerable sub-groups.
1.9

Ethical considerations
Because the empirical parts of this dissertation present a secondary use of healthcare data,

there are concerns about patient privacy and confidentiality, an ethical issue particularly salient in
12

this era of “big data” analytics [68]. The electronic medical records used in this dissertation were
accessed in a manner that maintained the security and confidentiality of the data by means such as
de-identification and aggregation of data elements, the encryption of electronic files, and the
establishment of data breach quality assurance checks. Ethics approval for the dissertation was
obtained from the University of British Columbia Research Ethics Board prior to the start of any
research activities.
1.10 Rationale for the study
In chronic disease contexts, CPRs are well understood and articulated and in some cases,
have become part of routine medical care for diagnostic and prognostic decision-making [56,57].
However, the adoption of prediction rules in sexual health decision-making is in a somewhat nascent
stage. There are several essential gaps in knowledge that hinder the implementation of CPRs for use
in sexual health. The predictors used in CPRs, especially selective screening criteria, are often
derived from clinical guidelines, and few studies have been conducted to determine the degree to
which evidence in the published literature supports the predictors included in recommendations.
Although empirical studies are available, a critical examination of the research evidence for
predictors of STIs has not been explored. Indeed, a majority of the evidence in this area has
included symptoms as risk factors, which makes their application to selective screening scenarios
problematic. There is a need for a better understanding of the use (or lack) of evidence in this area
as it has the potential to inform the ways in which STI test recommendation practices unfold in the
future.
The majority of CPR-related research in sexual health has been generated with little attention
to whether they are conducted according to methodological recommendations often cited in this
field [59]. Overstated and biased results from inadequately designed and reported prediction studies
can potentially trigger their premature implementation and lead to erroneous decision-making by
STI programs. A rigorous evaluation of prediction rules before their introduction into sexual health
practice could not only reduce the number of unwanted and unintended decision-making
consequences related to misleading estimates of test accuracy, but, in some cases, could also reduce
healthcare costs by precluding unnecessary testing [69]. Thus, a study elucidating the methodological
contexts and the predictive performance of published prediction rules used in sexual health services
has the potential to be a vital part of this evaluation process.
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To concretise selective screening in Internet-based testing contexts, e.g., GCO, STI
programs have a choice of adopting a set of previously published screening recommendations, such
as those issued by public health organisations, or develop a set of risk estimation algorithms specific
to their setting. As no major studies of selective screening have been conducted in BC, public health
agencies in this region have little guidance regarding the choice of selective screening criteria.
Moreover, Internet-based testing programs have only recently been initiated in Canada. There also
has been little discussion of the empirical validity of CPRs, which may be particularly salient for
promoting their effective integration with STI service delivery. For these reasons, new research is
required to inform the development of a CPR that will be adapted for use in an Internet-based
context in BC.
Finally, it is important to acknowledge that the scope of the current dissertation was limited
to the examination of chlamydia and gonorrhoea outcomes among asymptomatic women and
heterosexual men. This approach was adopted for several reasons. First, this dissertation focused on
asymptomatic women and heterosexual men for pragmatic reasons – because sample size
restrictions prohibited the examination of other outcomes such as HIV and syphilis, or other
populations of interest such as MSM. Second, the targeted population accessing GCO will be limited
to those who are asymptomatic, as clients ‘presenting’ online with symptoms will automatically be
referred to an STI clinic. Third, as will be revealed in the literature review section of this dissertation
(Chapter 2), there are currently no published prediction rules for screening asymptomatic chlamydia
and gonorrhoea. Finally, asymptomatic infections are extremely commonplace (perhaps accounting
for 80% to 90% of all infections) [70]. Current research indicates that increasing testing access for
high-risk asymptomatic clients has the potential to confer public health benefits as undiagnosed and
untreated infections may result in long-term health and health economic impacts that surpass those
associated with clinically observable infections [71].
1.11 Study objectives
The current dissertation addresses the abovementioned gaps in knowledge by characterising
the attributes and components of prediction rules that encourage their adoption for personalised
clinical decision-making in sexual health. The current research also provides one of the first
opportunities to advance both the conceptual context of selective screening intervention research in
combination with an empirical assessment of the potential contribution of a prediction algorithm in
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sexual health contexts. Finally, the work in this dissertation articulates and applies a methodological
framework for a hierarchical and iterative approach to prediction rule development for use in sexual
health contexts, which may prove useful for additional research in this and other areas. Specifically,
the dissertation address the following objectives:
1. To characterise the scientific evidence examining the associations between risk
factors and chlamydia and gonorrhoea infection (Chapter 2). This dissertation provides
the results of a literature review examining whether the risk factors that are often cited in
screening recommendations are correlated with their predictive strength in empirical studies
using a theory-guided approach to understand the significance of the findings. This review
has potential relevance in sexual health practice because an understanding of the evidence in
this area may help inform the ways in which existing selective screening criteria continue to
be implemented in traditional face-to-face clinical encounters, as well as in novel approaches
such as Internet-based initiatives. The findings of this review were also used to identify
candidate predictors used in the empirical analyses included in this dissertation.
2. To critically appraise and generate a knowledge synthesis of prediction rules
developed in sexual health settings (Chapter 3). Motivated by the lack of standards in
the reporting of the methodology and findings of prediction rules in sexual health contexts,
it was important to examine the design, methods, analysis, and results of other studies that
use CPRs. This review determined whether the accuracy and generalisability of prediction
rules are correlated with the potential for bias. These findings provided important insights
for guiding the methodological approaches used in the derivation and validation of the
prediction rule described in this dissertation.
3. To derive and temporally validate a prediction rule for screening asymptomatic
chlamydia and gonorrhoea (Chapter 4). A prediction rule for identifying those at
increased risk for asymptomatic chlamydia and gonorrhoea among women and heterosexual
men was derived using multivariate logistic regression of the data from electronic medical
records collected at two sexual health clinics in Vancouver collected (2000-2006). The
prediction rule was then validated using data from a subsequent time period (2007-2012).
Temporal validity is generally considered the first line of generalisability ascertainment for
CPRs. This issue is particularly salient because of the shift towards more sensitive diagnostic
tests between the time periods represented in this chapter.
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4. To assess the generalisability of the rule across geographic locations in British
Columbia (Chapter 5). The generalisability of the aforementioned prediction rule was
examined in seven additional clinics located outside of Vancouver. Because prevalence and
social contexts vary between Vancouver and the other smaller cities, it was important to
assess whether the prediction rule would show good validity in the geographical validation
population.
1.12 Organisation of the dissertation
This dissertation is delineated into six chapters. Chapter 1 summarises the public health
burden of STIs in Canada, described STI risk assessment and selective screening criteria currently
used in clinical settings, and provides a rationale for the development of a prediction rule for
screening chlamydia and gonorrhoea in BC. The study objectives, settings and the study design also
are described in this chapter. Chapter 2 is a review that aims to provide a theory-informed
understanding of the predictive strength of risk factors commonly cited in screening guidelines and
empirical studies. Chapter 3 is a knowledge synthesis and a critical review of CPRs used in sexual
health settings. The content of Chapter 3 also informs the analytical approaches used in Chapters 4
and 5. Chapter 4 describes the derivation, internal validation and temporal validation of a CPR for
screening asymptomatic chlamydia and gonorrhoea using data gathered from two Vancouver clinics.
Chapter 5 focuses on the geographical validation of the prediction rule in seven additional clinics
across BC. Finally, Chapter 6 provides a summary of the key findings, practical implications,
strengths and limitations of the research, as well as recommendations for future research.
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Figure 1.1 The methodological framework for the derivation and validation of the prediction
rule
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Figure 1.2 Proximate-determinants framework for factors affecting the risk of sexual
transmission of chlamydia and gonorrhoea
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Chapter 2: Predictors identifying individuals at increased risk for STIs: A theory-guided
review of empirical literature and clinical guidelines
Falasinnu T, Gustafson P, Hottes TS, Gilbert M, Ogilvie G, Shoveller, J. Predictors identifying
those at increased risk for STDs: a theory-guided review of empirical literature and screening
recommendations. The International Journal of STD and AIDS. In press.
2.1

Introduction
Sexually transmitted infections such as chlamydia and gonorrhoea are leading causes of

substantial morbidity worldwide; left untreated, they are often important exposures in the causal
pathway for pelvic inflammatory disease, ectopic pregnancies, and infertility. The fact that most
infections do not exhibit symptoms that prompt clinical evaluations often makes the detection of
infection challenging [51]. Public health and clinical organisations routinely issue guidelines aimed at
helping healthcare providers identify individuals at increased risk for STIs. Plausible candidates for
selective screening criteria include known determinants of prevalent infection (e.g., age, multiple
partners) [72]. These criteria help sexual health programs minimise costs and increase the probability
of detecting infections [51].
The identification of risk factors that comprise an accurate selective screening criterion
provides the opportunity to deliver four key benefits in clinical settings: identifying specific patient
groups with higher disease prevalence, identifying areas to target prevention services, improving case
finding accuracy, and increasing cost-efficiency by limiting the testing of low-risk individuals.
However, predictors used for selective testing are often derived from clinical guidelines that are
broadly perceived as evidence-based statements; because they are developed by experts, they are
assumed to have the same level of certainty and authority as conclusions generated by scientific
methods [48,72]. Few studies have been conducted to determine the degree to which evidence in the
published literature supports the predictors included in recommendations. A better understanding of
the use (or lack) of evidence in this area has the potential to inform the ways in which STI test
recommendation practices unfold in the future.
The review presented in this chapter aims to synthesise the evidence supporting predictors
of chlamydia and gonorrhoea (the two most common reportable STIs) in high-income jurisdictions
in North America, Western Europe, and Australia – regions with comparable STI prevalence and
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social determinants of sexual health. The objectives are to identify risk factors cited as being most
predictive of chlamydia and gonorrhoea in clinical guidelines and in empirical studies. This review
also aims to assess the strength of evidence supporting the associations between these predictors
and chlamydia and gonorrhoea outcomes in empirical studies. Finally, this review highlights
discrepancies between predictors used in STI clinical guidelines and the relevant empirical evidence.
2.2
2.2.1

Methods
Literature search
This review identified the most recent and commonly cited clinical guidelines for screening

chlamydia and gonorrhoea issued by health organisations in high-income countries in North
America and Europe, and Australia. This review also identified empirical studies in journals readily
accessible to sexual health clinicians or experts in these settings and thus, limited the search to
electronic searches of English-language studies published in OVID Medline, as well as manual
searches of reference lists of papers identified. MeSH search terms included: ‘screening’; and at least
one of ‘chlamydia’, ‘gonorrhoea’, ‘STI’, or ‘STD’. Articles that measured demographical and
behavioural predictors associated with STI diagnoses were included. Studies focusing on
psychosocial factors (e.g., knowledge and attitudes, stress, self-esteem) were excluded, as these
predictors are not consistently measured across studies. The search was limited to studies published
between 2003-2011, an era characterised by the expansion of highly sensitive tests (e.g., Nucleic Acid
Amplification Tests) and urine-based testing, in an effort to ensure comparability in specimen
collection and STI outcome assessment.
2.2.2

Assessment of methodological quality
Articles selected for inclusion were examined to assess their methodological quality. The

following nine criteria, adapted from previously validated methodologies [73,74], were used to score
the methodological quality of studies: study design, specimen collection, statistical methods, model
selection, study sample description, variable definition, events per variable, outcome assessment, and
study generalisability (see Table 2.1). Based on the scoring system, studies with a rating of
‘unacceptable’ (≤3 points) were removed from further review. Studies rated as ‘marginal’ (4-5
points), ‘acceptable’ (6-7 points) and ‘commendable’ (8-9 points) were kept for the empirical analysis
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stage of the review. The studies rated as ‘commendable’ or ‘acceptable’ were given greater weight
when interpreting consistency or variable relationships.
2.2.3

Data extraction
To help clarify the relative strength or importance of each STI predictor, the predictors

extracted from the empirical studies were categorised into two groups based on the proximatedeterminants framework [65,75]: (1) distal determinants, which are demographic, social or economic
variables distally related to STIs, and (2) proximate determinants, which are directly associated with
an individual’s probability of exposure to STIs and the efficiency of STI transmission. Also, to
determine whether the various factors identified in the included studies were significantly associated
with STIs in multivariable analysis (if possible), a significance level of 0.05 was used. Because the
studies included in this review were heterogeneous with respect to study design and predictor
definition, pooling of data for meta-analyses was not possible. Therefore a qualitative data-synthesis
was performed [76,77].
Key predictors mentioned in multiple studies were retained to test the level of empirical
support for their association with chlamydia or gonorrhoea infection (STIs). The strengths of the
evidence for predictors were assessed as follows [76]: (1) Strong evidence: >75% of ‘acceptable’ or
‘commendable’ studies found consistent and statistically significant greater risk of infection; (2)
Moderate evidence: 60% - 74% of ‘acceptable’ or ‘commendable’ studies found consistent and
statistically significant greater risk of infection; (3) Mixed evidence: 45% - 59% of ‘acceptable’ or
‘commendable’ studies found consistent and statistically significant greater risk of infection; (4)
Weak evidence: <45% of ‘acceptable’ or ‘commendable’ studies found consistent and statistically
significant greater risk of infection. In addition, predictors were also deemed to have insufficient
evidence if few studies (i.e., less than the lowest quartile of the number of studies reviewed)
examined the association between the predictor and infection.
2.3
2.3.1

Results
Overview of clinical guidelines
Nine organisations issuing clinical guidelines in high-income contexts were identified (Table

2.2). Six organisations listed clinical guidelines for women only, citing lack of evidence for the
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selective screening of men: the US Preventive Services Task Force (USPSTF) [78,79], the American
Academy of Family Practice (AAFP) [78,79], the US Centers for Disease Control and Prevention
(USCDC) [80], the American College of Obstetrics and Gynaecology (ACOG) [81], the Public
Health Agency of Canada (PHAC) [30] , and the Society of Obstetricians and Gynaecologists of
Canada (SOGC) [82] (Table 2.2). Three other organisations reported clinical guidelines for males
and females combined [83-85].
Almost all the organisations support the universal screening of young sexually active
individuals for chlamydia and to some extent gonorrhoea (Table 2.2). Occasionally, clinical
guidelines differ across organisations, mainly because of distinctions in goals and target audience, the
epidemiology of the various STIs, and differing approaches to evidence review [67]. For example,
the USCDC and PHAC focus on public health in the US and Canada, respectively, while other
organisations focus on clinical settings [67]. A closer examination of predictors revealed
incongruities between the organisations, even among those in the same country (Table 2.2). For
example, clinical recommendations issued by both the PHAC and the SOGC agree on screening
individuals with the following risk factors for chlamydia or gonorrhoea infection: younger age,
sexual contact of STI case, previous STI diagnosis, new sexual partners, multiple sexual partners, use
of drugs or alcohol during sex, sex in exchange for money or gifts, and individuals or travelers from
endemic regions (Table 2.2). However, the PHAC also identifies the following risk factors: street
involvement (or homelessness) and sexual contacts of people with any of the aforementioned risk
factors (Table 2.2).
The most consistently listed predictors among clinical recommendations were younger age
and multiple sexual partners as all nine organisations recommended screening individuals with these
two risk factors (Table 2.2). Approximately 90% of the nine organisations recommended screening
individuals who are sexual contacts of STI cases and also those who use alcohol or drugs during
sexual relations. The least consistently listed predictors were street involvement (11%), inconsistent
condom use (44%), and individuals or travelers from STI endemic regions (56%).
2.3.2

Assessment of included studies
Figure 2.1 provides an overview of the article selection process used in this review. The

initial search of OVID Medline identified 841 articles. These were screened for eligibility and to
obtain 216 articles for further assessment based on their titles and keywords. After reviewing the
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abstracts of these 216 articles, 74 articles were deemed relevant for a closer reading of the full text,
leaving 56 articles from the electronic search. An additional 19 articles were identified by hand
searching the reference lists of these 56 articles. Thus, 75 studies were rated, most of which included
a mix of symptomatic and asymptomatic individuals (Table 2.3).
Approximately 68% of studies examined chlamydia infection only, 8% examined gonorrhoea
outcomes only, and 19% examined both outcomes (Table 2.3). Approximately 32% of the studies
had female only populations and 20% included male only populations. Nearly 50% were from the
United States (Table 2.3). Some studies used population-based participant recruitment (21%); most
studies were cross-sectional in design (87%). A minority of the studies examined only asymptomatic
populations (8%). Chlamydia prevalence ranged from 1.0% to 14.0% and gonorrhoea prevalence
ranged from 0.1% to 33%. Based on the nine criteria of methodological quality, a total of 5 studies
(7%) received a score of 3/9 and thus were rated as ‘unacceptable’ [86-90]. These studies were
omitted from the second stage of review. Studies rated as ‘marginal’ (24%)[72,91-107], ‘acceptable’
(41% ) [71,108-137], and ‘commendable’ (28%) [27,51,138-156] were retained in the review. Table
2.4 summarises the 70 studies that were retained for further assessment.
Empirical support for the following seven variables was strong or moderate: age (at time of
study), race/ethnicity, multiple lifetime sexual partners, multiple sexual partners in recent months,
sex with infected partners, sex with symptomatic partners, and concurrent STI diagnosis. Three
predictors had mixed evidence: age at sexual debut, sex with causal partners, and sex with new
partners. Eight predictors had weak evidence associating them with STI diagnosis: socio-economic
status, marital status, sexual partners from overseas, sex in exchange for gifts/money, drug/alcohol
use, condom use, sex with regular partners, and history of STI diagnosis.
Predictors examined by eleven studies or less (i.e., less than the lowest quartile of the
number of studies reviewed) were deemed to have insufficient research. There were insufficient
empirical studies to determine the nature of the association between the following six variables and
infection: sex in exchange for gifts/money, sexual partners from overseas, sex with regular partners,
sex with casual partners, concurrent STI diagnosis, and sex with symptomatic partners. Six variables
were not included in any clinical guidelines: race/ethnicity, socio-economic status, marital status, sex
with regular partners, sex with casual partners, and sex with symptomatic partner.
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2.3.3

Assessment of the predictive abilities of underlying determinants
The following underlying determinants of STI diagnosis were identified in this review: age

(at study time), age at sexual debut, race/ethnicity, socio-economic status or SES as defined as
income or educational attainment, sex work, marital status, and drug/alcohol use (Table 2.4).
Younger age was consistently associated with increased risk of STI acquisition (especially chlamydia
infection); 85% of ‘commendable’ studies reported a significant association between age and STI
diagnosis in their multivariable analyses (Table 2.4). There was mixed evidence in the current review
associating early age at sexual debut to STI diagnosis; only 25% of ‘commendable’ studies and 56%
of ‘acceptable’ studies that examined this risk factor found a significant relationship (Table 2.4).
The level of empirical evidence in the current review for the association between
race/ethnicity and STI diagnosis was moderate – 72% of ‘commendable’ studies and 68% of
‘acceptable’ studies measuring this association found significant associations in their multivariable
analyses (Table 2.4). Most of these studies found a higher risk of infection among ethnic minority
individuals [27,51]. Conversely, the level of empirical evidence for the association between SES and
STI diagnosis was rated as weak – only 56% of ‘commendable’ studies and 18% ‘acceptable’ studies
found a significant relationship (Table 2.4). SES was not associated with infection in multivariable
analyses using any measure, including educational level [127,146,153] and employment status
[109,118].
This review found weak evidence for the association between STI diagnosis and the
following predictors: marital status, drug/alcohol use and sex in exchange for drugs/money (Table
2.4). Only 33% of ‘commendable’ studies and 33% of ‘acceptable’ studies found significant
associations between drug/alcohol use and STI diagnosis. Only 8 studies (of ‘marginal’ and
‘acceptable’ quality) examined the associations between sex in exchange for gifts/money and
infection, providing insufficient evidence to comment further here.
2.3.4

Assessment of the predictive abilities of determinants of exposure to infected people
The following proximate determinants of exposure to infected people were identified in this

review: multiple lifetime sexual partners, multiple sex partners in recent months, sexual partners
from overseas, sex with regular partners, sex with casual partners, sex with new partners, sex with
infected partners, history of STI diagnosis, and sex with symptomatic partners (Table 2.4). The
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empirical evidence linking multiple lifetime sexual partners (i.e., more than 1 sexual partner) and
STIs was strong. However, there was no consistent evidence for the association with higher cutpoints (e.g., >2, >5, or >10 partners). All of the ‘commendable’ studies and 57% of ‘acceptable’
studies showed significant associations between multiple lifetime sexual partners and STI diagnosis
(Table 2.4). This review also found moderate evidence for the association between having multiple
sexual partners in recent months and STI diagnosis. Approximately 64% of ‘commendable’ studies
and 57% of ‘acceptable’ studies that measured this relationship found a significant association
between having multiple sexual partners in recent months in multivariable analysis (Table 2.4).
The evidence for the association between STI diagnosis and the following predictors was
either mixed, weak and/or explored in few studies: sex with regular partners, sex with casual
partners, and sex with partners from overseas (Table 2.4). This review found mixed evidence
regarding the association between having a new partner and STI diagnosis (only about 60% of
‘commendable’ studies and 33% of ‘acceptable’ studies that measured this variable found significant
associations with STI diagnosis). This review found strong evidence between STI diagnosis and sex
with infected partners or symptomatic partners. All of the ‘commendable’ studies measuring these
associations found a significant association. This review found weak evidence for the association
between having a history of STI diagnosis and infection. Only 33% of ‘commendable’ studies and
46% of 22 ‘acceptable’ studies that measured this association found a significant relationship.
2.3.5

Assessment of the predictive abilities of determinants of the efficiency of

transmission per contact
The following proximate determinants of the efficiency of infection transmission were
identified: concurrent STI diagnosis and condom use (Table 2.4). This review found strong evidence
for the association between having a concurrent STI diagnosis and infection. Both of the 2
‘commendable’ studies and 75% of the 4 ‘acceptable’ studies that explored the relationship between
having a concurrent STI diagnosis and infection found a significant association, although few studies
explored this relationship (n=11). The empirical evidence for the association between the use of
condoms and infection was weak across the studies. Only 36% of ‘commendable’ studies, 26% of
‘acceptable’ studies and 25% of ‘marginal’ studies found significant associations between condom
use and STI diagnosis. There were no notable trends among the studies examining the relationship
25

between condom use and STI diagnosis, although self-report of condom use is an enduring
measurement problem in this field [157].
2.4

Discussion
The increasing availability and use of non-invasive diagnostic tests for STI diagnosis has re-

opened discussions about the feasibility of scaling up selective testing efforts to include the general
population. This review was conceptualised as a guide to help decision makers considering
undertaking selective testing programs in alternative settings such as the internet. Specifically, the
findings may help them augment selective testing by identifying variables to include in risk
assessment questionnaires. In the future, clinicians may develop risk estimation or prediction tools
by combining the risk factors identified in this review. These prediction tools may be potentially
useful for targeted risk communication and STI testing motivation among patients attending sexual
and reproductive health clinics [28].
This review summarises the literature on the most consistent predictors of chlamydia and
gonorrhoea infection, which were identified after a wide range of patient characteristics was
assessed. Age, number of sexual partners, sex with a symptomatic partner, sex with an infected
partner and concurrent STI diagnosis are perhaps the most intuitive predictors of STI risk. The
current review has reinforced the importance of these variables. The current review uses a
theoretical framework –the proximate-determinants framework – which hypothesises that
relationships between the underlying or socio-demographic characteristics and STI diagnosis should
be non-significant, after adjustment for the proximate determinants or socio-behavioural predictors
[65,75]. In this review, several underlying predictors (e.g., age and race/ethnicity) were found to be
significantly associated with STI diagnosis – including in several studies that adjusted for proximate
determinants [65,75]. This finding suggests that some proximate determinants may potentially be
measured with error or that some important proximate determinants were not included in the
studies [65,75]. It also highlights the complexity inherent in the self-reported nature of proximate
determinants such as condom use, coupled with measurement issues in underlying predictors (e.g.,
race/ethnicity) [158].
There was reasonably good concordance between risk factors consistently listed in the
recommendations (e.g., younger age, multiple sexual partners, and sexual contact of STD case) and
predictors found to have strong empirical support in the literature (i.e., if a risk factor is included in
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more guidelines, then there is more evidence supporting its predictive capacity). However, when the
guidelines are considered individually or in isolation, there are large inconsistencies between the
STD risk factors cited by the organisations and this may reflect the lack of clarity, transparency, and
consensus about how high risk behaviours influence infection. Although the social determinants of
health are comparable at the national level for these guidelines, however, another possible
explanation for the differences in recommendations may be due to regional differences (e.g.,
between cities) in the prevalence of risk factors due to varying social determinants of sexual health.
These inconsistencies could also reflect the overall priorities of organisations issuing
recommendation statements (e.g., minimising harm from screening and cost-effectiveness versus
concerns about missed cases).
In considering the limitations of the current review, there was a paucity of empirical studies
examining the strength of predictors in asymptomatic populations. Because most STIs are
asymptomatic, it is important to elucidate the predictive ability of risk factors in the absence of
symptoms. However, most studies combined symptomatic and asymptomatic individuals in
multivariable analyses likely masking important differences between these populations. This review
was unable find to identify clear trends in associations between predictors and STIs among the six
studies that explicitly examined asymptomatic populations. This limitation may have considerable
impact on some findings. It is likely that the effect sizes of other predictors were underestimated in
multivariable regression models that included symptoms as covariates because of the strong
association between symptoms and STIs. Furthermore, the significant associations between some
predictors and STIs may be a function of selection bias in clinics settings because of differential
health seeking behaviours [159,160]. It is hypothesised that when health-seeking behaviour of certain
population sub-groups (e.g., older adults, racial/ethnic minorities) is low, its percentage of
symptomatic clinic visits will be high because these individuals are less likely to visit sexual health
clinics for routine screening [159,160]. Thus, the associations found may not actually reflect a higher
concentration of risk in certain sub-groups but is a reflection of the over-representation of these
sub-groups in symptomatic populations presenting to clinics. Further studies assessing
asymptomatic populations are, thus, warranted.
Also, the use of a single reviewer to screen articles and synthesise evidence may have
introduced some error/bias [161], although, Buscemi and colleagues showed that this concern may
not be valid [162]. The studies included in this review were identified by searching OVID Medline
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only. Searching OVID Medline but not other databases (such as Embase or CINAHL) may have led
to biased findings as studies archived in OVID Medline only have been shown to produce larger
estimates in meta-analyses [163]. However, one review found diminishing marginal returns with
increased database searching, with the authors recommending that hand searching of relevant
reference lists (as was done in this review) may be more effective than exhaustive database searching
[163].
Finally, this review was unable to synthesise the evidence separately for special populations
(e.g., men who have sex with men, men who have sex with women) as clinical guidelines and
empirical analyses for these groups were inconsistently reported. It is recommended that periodic
reviews of the evolving evidence base in this substantive area have good potential to contribute to
the planning and evaluation of selective testing intervention practices as they unfold in the future.
There is, however, a need to continue to build the evidence base, particularly for special populations,
and as STI testing intervention practices expand to non-traditional settings (e.g., the internet; the
home).
2.5

Summary
This review identified several key gaps in the literature. There was a lack of empirical

evidence exploring risk factors in asymptomatic contexts. Although this review found that predictors
that were most consistently mentioned across clinical guidelines were also found to have high
predictive strength in the empirical data, the differences in the risk factors specified in each of these
screening recommendations indicate that, individually, they may not be broadly applicable.
Specifically, these screening guidelines are unable to account for differences in patient populations
and clinical contexts. Thus, the empirical portions of this dissertation (Chapters 4 and 5) will address
these gaps in knowledge by exploring the development of tailored criterion for screening
asymptomatic chlamydia and gonorrhoea.
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Table 2.1 A summary of the criteria to be used to evaluate and rate the quality of
methodology for each study*
Element
A. Study design

Quality of methodology criteria
The study design was clearly evident (e.g., cross-sectional, cohort or case –
control).
B. Specimen Collection The specimen collection methodology was clearly defined. If the same
specimen collection methodology was not used consistently among study
participants, methods to adjust for this difference were included in the
analyses.
C. Statistical methods
Multivariate analyses were used to examine the relationship between
predictors and STD outcome. Methods used to examine subgroups and
interactions were stated.
D. Model selection
A clear attempt at model selection was made. Step-wise procedures or an a
priori specification of p-value cutoff points for variable inclusion were
considered acceptable for this criterion.
E. Study sample
The characteristics of the sample and the selection criteria for the study were
description
clearly stated such as: location, time period, sampling method, sample size,
entry criteria and exclusions. The study also included a description of nonrespondents. The extent and nature of missing data were assessed to estimate
potential bias.
F. Variable definition
Sources of data and details of methods of assessment were given for each
variable.
G. Events per variable
The final sample size that was actually used in the analysis comprised of ≥10
study outcomes per variable.
H. Outcome assessment STD outcomes were measured by the most sensitive and specific tests
available at the time of data collection.
I. Study generalisability
STD screening was evaluated in an appropriate spectrum of subjects and
sampling was based upon a multi-center study or involved a single study with
a relatively large sample size of consecutive visits to a clinic.
*Each quality criterion was awarded 1 point whenever present. Overall ratings were calculated by
totaling the points and designated as Commendable (8-9 points), Acceptable (6-7 points), Marginal
(4-5 points), and Unacceptable (≤3 points)
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Figure 2.1 The process of selecting articles for the inclusion in the literature review of
predictors of chlamydia and gonorrhoea infection

Step 1

Initial search of
database

841 articles identified

Step 2

Review of titles and
keywords of all
articles

216 articles found to be
relevant to study

Step 3

Review of abstracts
of all relevant
articles

74 articles found to be
relevant and consistent
with inclusion criteria of
the study

Step 4

Review of entire
article

56 articles found to be
relevant to study
objectives and consistent
with inclusion criteria of
study

Articles identified through
search reference lists of
identified articles revealed 19
articles that were relevant to
the study objectives and
consistent with the inclusion
criteria

Total articles included in
study = 75
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Table 2.2 Comparison of risk factors listed in chlamydia and gonorrhoea screening recommendations*
Risk factors

Organisation**
US Preventive
Services Task
Force
(USPSTF)
American
Academy of
Family
Physicians
(AAFP)
US Centers for
Disease Control
and Prevention
(USCDC)
American
Congress of
Obstetricians
and
Gynecologists
(ACOG)#

Multiple
sexual
partners

Drug
or
alcohol
use§

Sex in
exchange
for
money or
gifts

Inconsistent
condom use

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Younger
age

Sexual
contact
of STD
case

Previous
STD

New
sexual
partners

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Individuals
or travelers
from
endemic
regions

Yes

Street
involvement

Sex
with
anyone
with
listed
risk
factors

Yes
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Risk factors

Younger
age

Sexual
contact
of STD
case

Previous
STD

New
sexual
partners

Multiple
sexual
partners

Drug
or
alcohol
use§

Sex in
exchange
for
money or
gifts

Individuals
or travelers
from
endemic
regions

Sex
with
anyone
with
listed
risk
factors

Inconsistent
Street
Organisation**
condom use
involvement
Society of
Obstetricians
and
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Gynecologists
of Canada
(SOGC)
Public Health
Agency of
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Canada
(PHAC)
European STD
Guidelines
Yes
Yes
Yes
Yes
Yes
(IUSTI Europe)
British
Association for
Sexual Health
Yes
Yes
Yes
Yes
Yes
Yes
and HIV
(BASHH)#
Australasian
Society for HIV
Yes
Yes
Yes
Yes
Yes
Medicine
(ASHM)#
*The following are American organisations: USPSTF, AAFP, USCDC, ACOG; the following are Canadian organisations: SOGC, PHAC; the following
are European organisations: IUSTI, BASHH; and ASHM is an Australian organisation
**The following organisations listed risk factors for women only: USPSTF, AAFP, USCDC, ACOG, PHAC, and SOGC. The IUSTI Europe ASHM
and BASHH reported screening recommendations for males and females combined
#Risk factors listed are for STDs in general, not just for chlamydia and gonorrhoea
§Drug and alcohol use during sexual relations
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Table 2.3 Percentage distribution of studies included in the literature review, by level of
empirical support, according to selected characteristics (n=75 studies)
Characteristic
STI
Chlamydia only
Gonorrhoea only
Chlamydia and GC
Other**
Gender
Females only
Males only
Both (with stratification*)
Both (without stratification)
Country
Australia
Italy
Canada
Netherlands
Switzerland
UK
USA
Other
Setting
Population/registry
Emergency room
Sexual health clinic
Family planning clinic
GP clinic
HIV study
Military
Detention facility
Other
Study design
Case control
Cross sectional
Prospective
Presence of symptoms
Asymptomatic only
Symptomatic and asymptomatic

N

Unacceptable
(%)

Marginal
(%)

Acceptable
(%)

Commendable
(%)

51
6
14
4

9.8
0.0
0.0
0.0

25.5
33.3
14.3
25.0

39.2
66.7
35.7
50.0

25.5
0.0
50.0
25.0

24
15
20
16

4.2
20.0
0.0
6.3

25.0
26.7
15.0
31.3

29.2
33.3
55.0
50.0

41.7
20.0
30.0
12.5

7
3
2
3
2
11
36
12

14.3
0.0
0.0
0.0
0.0
9.1
2.8
16.7

28.6
33.3
50.0
0.0
0.0
54.5
13.9
25.0

28.6
0.0
50.0
0.0
100.0
27.3
50.0
50.0

28.6
66.7
0.0
100.0
0.0
9.1
33.3
8.3

16
3
11
5
4
3
4
11
18

0.0
0.0
0.0
0.0
0.0
0.0
25.0
9.1
16.7

25.0
0.0
27.3
40.0
75.0
33.3
0.0
9.1
22.2

43.8
0.0
45.5
40.0
0.0
0.0
50.0
63.6
44.4

31.3
100.0
27.3
20.0
25.0
66.7
25.0
18.2
16.7

5
65
5

0.0
7.7
0.0

20.0
24.6
20.0

60.0
43.1
0.0

20.0
24.6
80.0

6
69

0.0
7.2

66.7
20.2

16.7
43.5

16.7
29.0

* Reported separate stratified models or an interaction term
**Other includes combinations of Chlamydia, gonorrhoea, syphilis and HIV outcomes
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Table 2.4 A summary of the level of empirical support for variables associated with STD outcomes according to the ratings of
methodological quality (n=70 studies)
Proportion of studies (n) with significant findings according to ratings*
Marginal
Acceptable
Commendable
Total
N
%
N
%
N
%
N
%
Underlying determinants
Age (at time of study)
20
55.0
44
59.1
20
85.0
Age (at sexual debut)
1
0.0
9
55.6
4
25.0
Race/Ethnicity
10
70.0
37
67.6
18
72.2
Socio-economic status
1
0.0
11
18.2
9
55.6
Marital status
3
100.0
10
20.0
4
25.0
Drug/alcohol use
7
0.0
12
33.3
3
33.3
Sex in exchange for gifts/money
2
0.0
6
16.7
--Proximate determinants
Exposure of susceptible to infected people
Multiple lifetime sexual partners
1
100.0
7
57.1
9
100.0
Multiple sex partners in recent months
12
83.3
29
55.2
14
64.3
Sexual partners from overseas
3
0.0
4
25.0
1
100.0
Sex with regular partners
4
25.0
3
33.3
3
0.0
Sex with casual partners
3
33.3
6
66.7
2
0.0
Sex with new partners
5
100.0
9
22.2
10
60.0
Sex with infected partner
4
100.0
12
75.0
6
100.0
Sex with symptomatic partner
1
100.0
5
80.0
5
100.0
History of STI diagnosis
7
57.1
22
45.5
12
33.3
Efficiency of transmission per contact
Concurrent STI diagnosis
5
100.0
4
75.0
2
100.0
Condom use
12
25.0
19
26.3
11
36.4
*Some articles were counted more than once if they conducted separate analysis by gender or STI
‡
Insufficient research

Level of empirical
support

84
14
65
21
17
22
8

64.3
42.9
69.2
33.3
35.3
22.7
12.5

Strong evidence
Mixed evidence
Moderate evidence
Weak evidence
Weak evidence
Weak evidence
Weak evidence‡

17
55
8
10
11
24
22
11
41

82.4
63.6
25.0
20.0
45.5
54.2
86.4
90.9
43.9

Strong evidence
Moderate evidence
Weak evidence‡
Weak evidence‡
Mixed evidence‡
Mixed evidence
Strong evidence
Strong evidence‡
Weak evidence

11
42

90.9
28.6

Strong evidence‡
Weak evidence
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Chapter 3: A critical appraisal of risk models for predicting sexually transmitted infections
Falasinnu T, Gustafson P, Hottes TS, Gilbert M, Ogilvie G, Shoveller, J. A critical appraisal of
risk models for predicting sexually transmitted diseases. Sex Transmitted Diseases 2014;
May;41(5):321-30
3.1

Introduction
Internet-based screening programs have been proposed as potentially cost-reducing

alternative service delivery models in recent years [26]. These new models are facilitated in part by
the increasing adoption of highly sensitive and specific STI testing technologies, including Nucleic
Acid Amplification Tests (NAAT) conducted on urine specimens and rapid testing, which make the
provision of testing services more convenient and accessible in these alternative settings where
patients have limited interaction with clinicians [27]. However, strategies for identifying those at
increased risk for STIs are urgently needed in alternative service delivery models. Current screening
recommendations issued by public health and professional organisations have deficiencies (e.g.,
over-simplification, lack of generalisability) that limit their adoption for individualised decisionmaking to the specific patient, and there is growing support for more nuanced risk assessment
considerations that involve more than the body of evidence concerning screening recommendations
alone [52].
Risk prediction approaches that reflect a continuous risk spectrum have been widely adopted
in chronic disease decision-making (e.g., the Framingham risk score) and have been proposed as
alternatives to screening recommendations in various contexts [122]. Clinical prediction rules (CPRs)
are tools that provide estimates of absolute risk based on the combination of several patient
characteristics, thus allowing for more nuanced and precise decision-making than screening
recommendations when applied to individual patients [55]. To become routinely incorporated into
sexually health service delivery, CPRs must demonstrate good performance and generalisability. To
date, there has been no review undertaken providing a critical appraisal of the methodological
quality and performance measures of CPRs in sexual health contexts. In the review presented in this
chapter, the research methods in the CPRs used for sexual health services are investigated to identify
key variables, measures, and methods of analysis. The aim is to identify key methodological strengths
and weaknesses in this area of research and examine how research practices differ across STIs, time
periods or settings. Specifically, the objectives of this review were to: (1) identify and characterise
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prediction rules developed and validated for STI screening; (2) describe and critically appraise the
methodological issues essential to the suitability of derived models for clinical or public health
application; and (3) synthesise the literature on the performance of these models.
3.2
3.2.1

Methods
Search strategy
A search of OVID Medline was conducted to identify potentially relevant studies published

between 2003 and 2012, an era characterised by the expansion of highly sensitive tests (e.g., Nucleic
Acid Amplification Tests) and convenient specimen collection (e.g., urine) in an effort to ensure
comparability in specimen collection and STI outcome assessment. Because of the lack of MeSH
terms denoting CPRs, the following terms were used: a combination of ‘chlamydia’, ‘gonorrhoea,
‘HIV’, ‘syphilis’, ‘STI’, or ‘STD’; and ‘screening’. This review focused on these four STI outcomes
because they are of particular interest to public health diagnosis and treatment. This review was also
limited to studies published in English language journals with populations derived from North
America, Western Europe, and Australia – regions with comparable STI prevalence and social
determinants of sexual health. A search of the grey literature was not performed in order to focus on
studies that are published in journals read by sexual health clinicians and decision-makers.
The inclusion of articles was assessed through a three-step process. First, the title and
abstract of each article were evaluated after being identified through the OVID Medline search for
relevance. Second, the complete manuscript of articles identified as relevant through the title and
abstract review were manually reviewed. Eligible publications had to report a scoring or assessment
tool for risk prediction or stratification. Finally, the references of identified articles were reviewed to
find additional articles that may have been missed in the initial electronic search. Only publications
that provided measures of association between variables and STI outcomes in the final multivariable
prediction model were included. Reporting of at least one empirical performance metric of the
prediction model (e.g., discriminative and/or calibration measures) was preferable but not crucial for
inclusion.
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3.2.2

Assessment of methodological quality
For each article concerned with CPR derivation and validation, study characteristics such as

STI outcome, objectives, study setting, predictors, and the presentation format were extracted. Next,
the assessment of methodological quality was limited to only studies that derived prediction models.
Two reviewers (T.F. and J.S.) performed data extraction and quality assessment independently. Table
3.1 shows the 16-item quality assessment checklist derived from assessment tools previously applied
in this area [73,164]. The presence or absence of each item was recorded as a score of 1 or 0,
respectively; the maximum total score was 16. The reviewers resolved scoring discrepancies through
deliberation and arrived at consensus.
3.2.3

Assessment of CPR performance measures
To evaluate the discriminative performance of both derived and validated models, the area

under the receiver operating characteristic curve (AUC) or C-statistic, which indicates the ability of
CPRs to discriminate between patients with or without STI outcomes were extracted [27]. For
model calibration, an assessment of whether the publication reported on the difference between the
observed and predicted rates of the STI outcome, as well as the corresponding test statistic or pvalue was conducted [58]. Calibration metrics assess the ability of a CPR to accurately predict the
level of observed risk [58]. To define the performance of the prediction models, data on their
sensitivity and efficiency were extracted. Sensitivity was defined as the percentage of cases detected
and efficiency was the percentage of patients that would have been tested based on the predictive
criteria. As initially defined by La Montagne and colleagues, thresholds of 60% efficiency and 90%
sensitivity were used as ideal benchmarks for CPR performance [51,96]. Lower percentage values of
efficiency at higher sensitivity values are deemed to be better indicators of performance. Thus,
performance was considered acceptable if >90% of cases were detected while testing <60% of
patients [51,96].
3.3

Results
Figure 3.1 provides an overview of the article selection process used in this review. The

review identified 216 potentially relevant articles after screening the title and abstract of the 841
articles initially identified from the OVID Medline search. Of these, 78 full-text articles examining
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predictors of STIs were evaluated for inclusion; however, only 16 studies evaluated derived and/or
validated prediction rules in sexual health contexts
[27,51,58,72,96,99,118,119,122,136,145,153,154,165-167].
3.3.1

Characteristics of studies included
Table 3.2 summarises data from studies that derived and validated STI prediction rules.

Twelve studies evaluated chlamydia outcomes [27,51,96,99,118,119,122,136,145,153,154,167], three
studies evaluated HIV outcomes [58,165,166], and four studies evaluated gonorrhoea outcomes
[72,136,153,154]. Three of the included studies were population-based studies [27,119,145]. Half of
the studies were conducted in STI (n=5) [51,58,96,122,165] and family planning (n=3) [51,72,99]
clinics. There was a significant amount of variation in the risk factors included in the prediction
models; however, there were some predictors (e.g., age, clinical symptoms, and number of sexual
partners) that were common to all CPRs.
All studies except for one developed or validated CPRs using cross-sectional data. Trick and
colleagues developed a CPR for screening chlamydia and gonorrhoea infection in a detention facility
in the United States using case-control data [136]. Logistic regression was used to derive all the
CPRs in this review. The review identified two distinct CPR presentation formats: point-based
scoring systems (n=6) [27,58,118,122,145,153] and predictions by predictor combinations (n=10)
[51,72,96,99,119,136,154,165-167]. Point-based scoring systems were derived from the betacoefficients of predictors in multivariable regression models; for example, a selective screening
criteria based on this presentation format may categorise individuals into risk groups based on risk
scores derived from a logistic regression equation, with higher risk scores correlating with higher
probability of infection. In contrast, predictions made by predictor combinations were derived from
unweighted checklists of variables; for example, a selective screening criteria based on this
presentation format may categorise individuals into risk groups based on the presence or absence of
number of risk factors such as younger age and multiple sexual partners.
3.3.2

Evaluation of methodological quality
Table 3.3 summarises the methodological quality of the CPR derivation studies included in

this review. Studies met between 9 and 15 quality items. All studies had adequate study design, study
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sample description, statistical methods, model selection methods, and ease of use. The most poorly
addressed CPR quality items were missing values (n=3) [58,96,165], calibration measures (n=5)
[27,58,122,166,167], and variable definition (n=8) [58,96,99,118,119,153,165,166]. The highest
quality studies were two studies that developed CPRs for HIV screening, with each meeting 15 of 16
quality items [166]. In general, studies that developed scoring systems met more quality items
(median, 13; range, 12-15) than studies whose CPRs were based on predictor combinations (median,
11.5; range, 9-15). Studies published in the past 5 years met more quality items (median, 13; range,
12-15) than older studies (median, 11; range, 9-15).
3.3.3

Assessment of rule performance
Table 3.4 shows the performance of derived STI prediction rules. STI prevalence ranged

from 0.02% (for acute HIV) [166] to 29.2% (for chlamydia/gonorrhoea) [154]. Six studies were not
internally validated (i.e., apparent validation) [51,72,96,99,136,167]. Five prediction rules were
internally validated using split-sample validation [119,154,165,166], three studies used bootstrapping
validation [27,118,153], and one study used cross-validation [58]. Eleven studies reported AUC
ranging from 0.64 to 0.88, indicating a modest-to-good discriminatory performance
[27,58,118,119,122,136,145,153,165-167]. Three studies reported adequate calibration statistics in
one of two ways by: (1) calculating the Hosmer-Lemeshow goodness-of-fit test; or (2) graphically
comparing predicted STI prevalence with observed STI prevalence, drawing a linear regression line
through the points, and calculating its R2 and slope [27,58,122].
A comparison of the efficiency of CPRs was conducted by examining the proportion of the
population tested when the model’s sensitivity is greater than 90% (Table 3.4). Efficiencies at this
sensitivity cutoff varied between 42% and 100%. Eight studies attained or were close to attaining the
performance benchmark of testing less than 60% of the target population or sub-populations
[27,51,72,96,119,165-167]. The review found good discrimination was correlated with higher
efficiencies. The most efficient study developed a strategy for the selective testing of women for
chlamydia in general practice in Belgium [167]. The authors identified the following testing
algorithm: test women aged <35 years with >1 partner in the past year; or test women with any two
of the following characteristics: age 18-27 years; frequent postcoital bleeding; no contraception;
partner(s) with urinary complaints [167]. This algorithm detected 92% of infections and only 38% of
the population was tested. The AUC was 0.88, indicating excellent discrimination accuracy [167].
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3.3.4

Validation of STI prediction rules
Table 3.5 shows the results of the external validation of STI prediction rules. Two prediction

rules were externally validated. Gotz and colleagues developed a predictive rule for screening
chlamydia in the general population in the Netherlands and the following predictors comprised the
final model: age; level of residential urbanisation; ethnicity; urogenital symptoms; lifetime number of
sexual partners; new partner in previous 2 months; and no condom at last sexual encounter [27]. The
Dutch chlamydia risk score was validated in two additional settings: (1) a population-based study in
Amsterdam; and (2) an outreach screening project among high-risk youth in Rotterdam [145]. Also,
the risk score developed by Haukoos and colleagues helped identify patients with increased
probability of diagnosed HIV infection in an STI clinic in Denver, Colorado was validated in an
emergency department in Cincinnati, Ohio [58]. The Denver HIV risk score comprised the
following predictors: age, gender, race/ethnicity, sexual practices, injection drug use, and past HIV
testing [58].
Overall, the AUC in validation studies (0.66 to 0.75) was lower than that of derivation
populations. The difference in the AUC ranged from -0.13 to -0.10 (Table 3.5) indicating poorer
discrimination in validation populations [58,145]. Calibration and efficiency measures were also
worse in the validation populations [58,145].
3.4

Discussion
This review identified 16 publications involving the development and validation of 15 CPRs

for STI testing. Using a framework for evaluating the quality of the CPRs, the identified studies were
scored based on the presence or absence of 16 items commonly deemed to be of importance for
high quality prediction rules. The review evaluated the discrimination and calibration performance of
the CPRs identified. The review also assessed the rules based on their ability to test <60% of the
population while detecting >90% of infections. Here, the key findings of this review are
contextualised.
The considerable variability in the presentation format makes comparing the existing CPRs
for STI testing challenging. In this review, 10 studies made predictions about infection using
predictor combinations while the rest issued scoring systems. All CPRs derived from scoring
systems included a discussion of a clinical scenario in which decision-making may be influenced by
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the predicted risk, provided a decision aid to stratify patients by risk, and also explicitly detailed a
risk threshold for testing based on risk scores. It is recommended that future CPR derivation studies
adopt scoring systems based on several considerations. First, scoring systems mirror the probability
of infection, thus, allowing for personalised predictions at the individual level. Second, although the
scoring systems are generally used to identify those at increased risk, they may also be used to
identify those at low risk, thus limiting the number of tests performed and reducing the likelihood of
false-positive tests in scenarios such as low prevalence settings where the yield of new diagnoses is
low [58]. Third, scoring systems may have the additional advantage of informing clinicians and
patients about personalised risk allowing both to share in STI testing decision-making [58].
The quality of the methodological approaches used to derive and validate CPRs determines
their performance and future applicability. Although multiple areas of strength were noted, a
number of methodological weaknesses were common in the reviewed CPR studies. These were
inadequate handling of missing values, absence of calibration measures, and inadequate variable
definition. There is considerable evidence that CPRs that fall short of these quality criteria are likely
biased [168]. First, missing values in clinical data rarely occur completely at random [169].
Commonly missing values are often correlated with predictor and outcome measures. Most studies
included in this review excluded participants with missing values, which may have led to not only
loss of statistical power, but also selection bias of subjects [169]. Second, calibration measures are
essential in model validation studies to ascertain whether the predicted probabilities equal observed
probability of the outcome in consideration [169]. For example, consider a scenario where an
individual presenting for testing in an online setting or triaging at a clinic may be interested in
knowing their STI risk. The AUC, reported twice as often as calibration measures in studies included
in this review and a measure of discriminatory accuracy, may not be optimal in stratifying individuals
into risk categories [170]. In this situation, the agreement between predicted risk and actual risk is
paramount and the absence of calibration metrics makes it impossible to determine if the CPR gives
an accurate assessment of risk. Third, without a clear description of how CPR variables were
assessed or defined, it is difficult for clinicians to reproduce these predictors in risk assessment, thus
affecting the real-world application of the CPR [168].
Clinical usefulness of CPRs in this review was measured using sensitivity and efficiency. The
ideal scenario was to identify the most cases while testing the fewest number of people [51]. There is
a natural tension between finding the most cases and limiting the number of people unnecessarily
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tested. In scoring systems, this relationship is closely tied to the identification of the most efficient
cutoff level and depends on costs and priorities. The cutoff level also depends on the context; for
example, in systematic population-based screening programs where the screening of high-risk
individuals is priority, missed infections are unavoidable and the 90% sensitivity and 60% efficiency
benchmark may be appropriate. If identifying the most cases is priority, then the cutoff point will be
lower. Indeed, proving cost-effectiveness of CPRs is highly relevant in the current era in which HIV
testing is being expanded to include individuals in settings (e.g., general practice) that would be
expected to be at lower HIV risk than individuals that are currently offered in high-risk settings (e.g.,
STI clinics) [58].
Evidence showing performance of a CPR in new populations is an important consideration
before recommending its widespread adoption. The review identified only two CPRs that have been
validated in different populations [58,145]. External validation (e.g., using populations from a
different time period or a different geographical setting) is essential to provide good estimates of
these rules’ performances in new settings [58,145]. It is recommended that more validation studies
of existing CPRs should be performed, ideally conducted by independent investigators, to ensure
their generalisability [171]. Also, decision-makers may consider incorporating or updating features of
existing rules instead of developing new models in their own setting [171]. This approach minimises
unnecessary derivation of new rules in addition to providing estimates of the performance of
existing CPRs in different settings [171].
This review has several limitations. The overall findings may have been impacted by the
inconsistent quality of the included publications and a small overall sample size. The electronic
OVID Medline search may have not identified all CPRs used for STI testing. However, the search
process was conducted on several occasions to guarantee that all studies were identified. Also, a
review of the bibliographies of all identified CPR publications revealed no additional articles[164].
The equal weights assigned to the items on methodological quality checklist ignored the possibility
that some items are more important than others and also failed to acknowledged the subjectivity of
the items; however, two reviewers reached consensus on presence or absence of each quality item
for each study [164].
Finally, CPRs provide more information about an individual patient than even complex
recommendations can accommodate. Accurate CPRs have the capability to limit resource use but
are infrequently developed and uncommonly used in sexual health services. Validation and
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translational efforts are required to convert existing CPRs into powerful decision aids that can
improve their uptake in sexual health contexts. Future developments in the use of CPRs in sexual
health practice should address their clinical consequence and comparative usefulness, external
validity, and implementation impact.
3.5

Summary
With the increase in prediction research for sexual health, there has been an increased

interest in the methodology of this research because poorly done or poor reported prediction
research is likely to have limited reliability and applicability and will, therefore, be of little use in
decision-making. It appears that research in this field – despite its proliferation in the past 15 years –
holds room for improvement, and its quality could substantially be enhanced if researchers paid
attention to: (1) the quality of the data they use (especially missing data); (2) the accuracy metrics
used (e.g., discrimination and calibration); and (3) the internal and external validity of their findings.
In this dissertation, a methodological framework (Figure 1.1) was developed to address these four
issues in the empirical parts of this dissertation (Chapters 4 and 5).
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Figure 3.1 The process of selecting articles for inclusion in the literature review of derived
and/or validated prediction rules in sexual health settings

Step 1

Initial search of
database

841 articles identified

Step 2

Review of titles and
keywords of all
articles

216 articles found to be
relevant to study

Step 3

Review of abstracts
of all relevant
articles

74 articles found to be
relevant and consistent
with inclusion criteria of
the study

Step 4

Step 5

Review of entire
article

Review of study
characteristics

56 articles found to be
relevant to study
objectives and consistent
with inclusion criteria of
study

Articles identified through
search reference lists of
identified articles revealed
22 articles that were relevant
to the study objectives and
consistent with the inclusion
criteria

16 studies evaluated
derived and/or
validated prediction
rules in sexual health
contexts
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Table 3.1 A summary of the criteria used to evaluate and rate the quality of methodology for
each study

Element
A. Study
design
B. Specimen
Collection
C. Study
sample
description
D. Variable
definition

E. Outcome
assessment

F. Missing
values
G. Sample size
H. Statistical
methods
I. Selection
method
J. Calibration
measures
K.
Discrimination
measures

Quality of methodology criteria
The study design was clearly evident (e.g., cross-sectional, cohort or case –
control).
The specimen collection methodology (e.g., urine, blood, urethral/vaginal
swab, etc) was clearly defined. If the same specimen collection methodology
was not used consistently among study participants, methods to adjust for
this difference were included in the analyses.
The characteristics of the sample and the selection criteria for the study were
clearly stated. The characteristics included all of the following: location, time
period, sampling method, sample size, entry criteria and exclusions. The
study also included a description of non-respondents (e.g., those who
refused to participate or did not respond to invitations).
Sources of data and details of methods of assessment (measurement) were
given for each variable of interest. Each variable of interest was measured
using the source regarded as most valid for that particular variable (e.g.,
medical records for STI outcomes; self-report/diary for sexual behaviours).
The validity of the variables measured in the study reflects the true situation.
For particular variables that are difficult to directly assess (e.g., type of sexual
behaviour, condom use frequency or selectivity), the information was sought
from the most objective sources (e.g., diaries).
STI outcomes were measured by the most sensitive and specific tests
available at the time of data collection. Chlamydia and gonorrhoea outcomes
were elicited using NAAT instead of culture or self-report. Syphilis positivity
was determined using a combination of RPR and TPPA or NAAT; and HIV
positivity is determined using Western Blot/ELISA.
The authors reported missing values per predictor, or number or percentage
of participants with missing values and also specified procedures for dealing
with missing values
The final sample size that was actually used in the analysis (i.e., to predict an
STI outcomes) comprised of ≥10 study outcomes per variable.
Multivariate analyses were used to examine the relationship between
predictors or indicators and STI outcome rather than, or in addition to,
univariate statistics. Methods used to examine subgroups and interactions
were stated.
A clear attempt at model selection was made. Step-wise procedures (e.g.,
backward selection) or an a priori specification of p-value cutoff points for
variable inclusion were considered acceptable for this criterion.
The authors reported the rule’s agreement between predicted outcome and
observed outcome (e.g., calibration plot, calibration intercept and slope, or
the Hosmer-Lemeshow statistic)
The authors reported measures that estimate the rule’s ability to discriminate
between those with and without the STI outcome of interest (e.g., Cstatistic/AUC-ROC)

Scores
Yes = 1
No = 0
Yes/No

Yes/No

Yes/No

Yes/No

Yes/No
Yes/No
Yes/No

Yes/No
Yes/No
Yes/No
Yes/No
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Element
L.
Classification
measures
M. Validity
assessment
N. 95% CI of
rule properties
O. Clinical
sensibility
P. Ease of use

Quality of methodology criteria
Classification measures such as the rule’s sensitivity and specificity were
reported

Scores
Yes = 1
No = 0
Yes/No

The predictive performance of the prediction model was assessed using
validation (e.g., split sample, cross-validation, or bootstrapping) techniques
The authors reported the degree of uncertainty around the calibration,
discrimination, and classification measures
Predictors, outcome, and predictive values were clinically meaningful
Ease of use in immediate setting

Yes/No
Yes/No
Yes/No
Yes/No
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Table 3.2 Study characteristics of CPRs derived and/or validated for sexual health services
STI
outcome
Chlamydia,
Gonorrhoea

Country
USA

Andersen et al,
2003 [119]

Chlamydia

Denmark

Facente et al,
2011 [165]

HIV

USA

Gotz et al, 2005
[27]

Chlamydia

Netherlands

Article
Al-Tayyib et al,
2008 [153]

Objectives
To develop and evaluate
screening algorithms to predict
current chlamydial and
gononococcal infections in an
emergency department (ED)
To evaluate self-reportable
predictive criteria based on sexual
behaviour, lifestyle, and
sociodemographic characteristics
to limit the number of individuals
needed to be screened in a
population-based screening
program for young men and
women
To develop and evaluate formal
criteria for targeting individuals at
high risk of acute HIV infection
among patients presenting for
HIV testing at a municipal STI
clinic
To develop a prediction rule for
estimating the risk of chlamydial
infection as a basis for prediction
rule

Setting
Emergency
department

Populationbased register

Risk factors included in CPR
Age, marital status, education, new
sex partner within past 2 years, nonED as primary source for healthcare,
non antibiotic use past month,
dysuria or discharge past 3 months
Age, more than 3 sex partners in
lifetime, sex partner known to have
urogenital complaints, previous
positive chlamydia test result, no
condom use during most recent
intercourse, more than 6 months
since most recent intercourse

Presentation
format of the
CPR
Point-based
scoring system

Predictions
based on
predictor
combinations

STI clinic

Unprotected receptive anal
intercourse, HIV+ partner, injection
drug use, MSM, recent STI

Predictions
based on
predictor
combinations

Populationbased register

Age, residence, ethnicity, education,
urinogenital symptoms, lifetime
number of partners, new partners in
previous 2 months, no condom last
sexual contact

Point-based
scoring system
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STI
outcome
Chlamydia

Country
Netherlands

Objectives
To assess the validity of the
previously developed prediction
rule

Haukoos et al,
2012 [58]

HIV

USA

To derive and validate an
instrument to accurately identify
patients at risk for HIV infection

Hocking et al,
2005 [96]

Chlamydia

Australia

La Montagne et
al, 2004 [51]

Chlamydia

USA

To estimate chlamydia prevalence
and risk factors for infection and
to assess the performance of
chlamydia-screening criteria
among clients attending a large
STI clinic
To assess: (1) the performance of
screening criteria in the Northwestern USA, (2) predictors of
CT infection, and (3)
optimization of these criteria

Manhart et al,
2007 [72]

Gonorrhoea

USA

Article
Gotz et al, 2006
[145]

To develop selective testing
criteria for gonorrhoea among
young women screened for
chlamydial infection

Setting
Population
based screening
program and a
community
outreach
testing project
STI clinic

STI clinic

STD clinics,
Family
Planning
clinics, and
other clinics

Family
planning
clinics,
women’s
clinics, and
school based
clinics

Risk factors included in CPR
Age, residence, ethnicity, education,
urinogenital symptoms, lifetime
number of partners, new partners in
previous 2 months, no condom last
sexual contact

Presentation
format of the
CPR
Point-based
scoring system

Age, gender, ethnicity, sex with a
male, vaginal intercourse, receptive
anal intercourse, injection drug use,
past HIV testing
Age, condom use <50% of time in
last 3 months, 2+ sexual partners in
last 12 months, contact with
infection, injection drug use, present
with symptoms of NSU

Point-based
scoring system

Age, race, specimen type, test type,
abnormal appearance of cervix,
mucopurulent cervicitis, friability,
ectopy, PID, exposure to CT,
exposure to GC, exposure to NGU,
sex with symptomatic partner, CT
last 12 months, new sex partner,
multiple sex partners
Exposed to an STD other than
chlamydia, symptomatic partner,
dysuria, presumptive treatment for
CT infection, abnormal vaginal
discharge, pregnancy related visit,
new partner during the preceding 60
days, black/Native American, clinic
in top quartile of male urethral GC
infection rates

Predictions
based on
predictor
combinations

Predictions
based on
predictor
combinations

Predictions
based on
predictor
combinations
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STI
outcome
Chlamydia,
Gonorrhoea

Country
USA

Miller et al, 2009
[166]

HIV

USA

Paukku et al,
2003 [99]

Chlamydia

Finland

To find screening criteria for a
population with low prevalence
of genital Chlamydia infection

Stein et al, 2008
[118]

Chlamydia

USA

To develop predictive guidelines
appropriate for chlamydia
appropriate for community
settings

Trick et al, 2006
[136]

Chlamydia,
Gonorrhoea

USA

To determine risk factors for
chlamydia or gonorrhoea urethral
infection among adult male
detainees

Jail

Verhoeven et al,
2003 [167]

Chlamydia

Belgium

To estimate the prevalence of CT
in women in general practice and
to assess risk factors associated
with infection

General
practices

Article
Merchant et al,
2010 [154]

Objectives
To create a system for predicting
which male emergency
department (ED) patients with
suspected CT/GC would have
laboratory confirmed infections
based on clinical factors
To develop risk assessment
model for acute HIV infection

Setting
Emergency
department

Risk factors included in CPR
Age, race, no insurance status, any
genital discharge, any Chlamydia
and/or gonorrhoea contact

HIV
counseling and
testing sites

Race, MSM, test site, sex with HIV+
person, local HIV prevalence

Family
planning clinic
and Student
health clinic
High schools

Contraception, marital status, casual
sex, 3+ sexual partners in past year,
3+ lifetime number of partners
Race/ethnicity, partner’s
race/ethnicity, number of partners in
previous year, perceived risk of
prevalent STI, student status, age,
marital status, pregnancy history,
hormonal contraception
Age, number of partners in past year,
most recent sexual encounter, drug
use within previous months,
symptoms, STD in previous 5 years,
condom use
Age, 1+ partner in past year, no
contraception, dysuria/frequent
urination, partner having urinary
complaints, frequent postcoital
bleeding, location of practice (inner
city)

Presentation
format of the
CPR
Predictions
based on
predictor
combinations
Predictions
based on
predictor
combinations
Predictions
based on
predictor
combinations
Point-based
scoring system

Predictions
based on
predictor
combinations
Predictions
based on
predictor
combinations
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Article
Wand et al, 2011
[122]

STI
outcome
Chlamydia

Country
Australia

Objectives
To develop and validate a risk
scoring tool to identify those who
are at increased risk of chlamydia
infection

Setting
STI clinic

Risk factors included in CPR
Age, marital status, residence,
culturally and linguistically diverse,
backpackers, current sex worker,
current smoker, genital or anal
symptoms, STI contact, STI test,
contraception use, inconsistent
condom use, past chlamydia
infection, 1+ sexual partners in
previous 3 months, knowledge of
HIV status

Presentation
format of the
CPR
Point-based
scoring system
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Table 3.3 Assessment of the methodological quality of CPR derivation studies*

Authors
Al-Tayyib et al, 2008 [153]
Andersen et al, 2003 [119]
Facente et al, 2011 [165]
Gotz et al, 2005 [27]
Haukoos et al, 2012 [58]
Hocking et al, 2005[96]
La Montagne et al, 2004
[51]
Manhart et al, 2007 [72]
Merchant et al, 2010 [154]
Miller et al, 2009 [166]
Paukku et al, 2003 [99]
Stein et al, 2008 [118]
Trick et al, 2006 [136]
Verhoeven et al, 2003
[167]
Wand et al, 2011 [122]
Total

Study
Events
Study Specimen
sample
Variable
Outcome Missing
per
Statistical Selection
design Collection description definition assessment values variable methods method
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

X

X

X

X

X

X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X

X
X
X
X
X
X

X
X
X
X
X
X

X

X

X

X

X

X

X

11

X
15

X
15

X
13

X
15

X
15

X
15

X
X
X

8

3

*X=Quality item is present
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Table 3.3 continued

Authors
Al-Tayyib et al, 2008 [153]
Andersen et al, 2003 [119]
Facente et al, 2011 [165]
Gotz et al, 2005 [27]
Haukoos et al, 2012 [58]
Hocking et al, 2005 [96]
La Montagne et al, 2004 [51]
Manhart et al, 2007 [72]
Merchant et al, 2010 [154]
Miller et al, 2009 [166]
Paukku et al, 2003 [99]
Stein et al, 2008 [118]
Trick et al, 2006 [136]
Verhoeven et al, 2003 [167]
Wand et al, 2011 [122]
Total

Calibration Discrimination Classification
Validity
measures
measures
measures
assessment
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
5
11
14
8

95% CI of
rule
properties
X
X
X
X
X

X
X

Clinical
sensibility
X
X
X
X
X
X
X
X
X
X
X

X

8

X
X
X
14

Ease of
use
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
15

Total
13
14
14
14
15
11
9
9
13
15
10
13
11
12
12

*X=Quality item is present
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Table 3.4 Assessment of the performance measures of CPRs derived for sexual health services

Article
Al-Tayyib et al, 2008 [153]
CT and/or GC in females
CT only in females
CT and/or GC in males
CT only in males
Andersen et al, 2003 [119]
Facente et al, 2011 [165]
Gotz et al, 2005 [27]
Haukoos et al, 2012 [58]
Hocking et al, 2005 [96]
Women: Non-sex workers
Men: MSM
Men: Non-MSM
La Montagne et al, 2004 [51]
STD clinics
Family planning clinics

STI**

CT
HIV
CT

346/3,080 (11.2%)
230/3,080 (7.5%)
188/2,457 (7.7%)
161/2,457 (6.6%)
127/1,920 (6.6%)
137/12,353 (1.1%)
160/7,005 (2.3%)

HIV

504/92,635 (0.54%)

CT, GC

CT

Wand et al, 2011 [122]
MSM
Heterosexual males
Heterosexual females

82/2,084 (4.0%)
56/614 (9.1%)
138/2,028 (6.8%)

Bootstrap
Split-sample
Split-sample
Bootstrap
Crossvalidation
Apparent

2,499/34,228 (7.3%)
CT

Other clinics
Manhart et al, 2007 [72]
Merchant et al, 2010 [154]
Miller et al, 2009 [166]
Paukku et al, 2003 [99]
Stein et al, 2008 [118]
Women
Men
Trick et al, 2006 [136]
Verhoeven et al, 2003 [167]

STI prevalence

Method of
internal
validation

12,471/304,183 (4.9%)

Apparent

2,716/71,471 (3.8%)
GC
CT, GC
HIV
CT

173/3,278 (0.3%)
240/822 (29.2%)
44/222,975 (0.02%)
42/1,198 (3.5%)

Apparent
Split-sample
Split-sample
Apparent

CT

Bootstrap

CT, GC

316/5,854 (5.1%)
236/5,074 (3.9%)
348/5,634 (6.2%)

CT

39/774 (5.0%)

Apparent

CT

609/10,154 (6.0%)
1,167/16,667 (7.0%)
954/19,081 (5.0%)

Apparent

Split-sample

% needed to test
to achieve 90%
sensitivity

Predictive criteria

AUC

Calibration#

Risk score ≥2 out of 7 points
Risk score ≥3 out of 7 points
Risk score ≥3 out of 7 points
Risk score ≥3 out of 7 points
≥2 of 3 risk factors
Engaged in receptive anal intercourse
Risk score ≥7 out of 14 points

0.64
0.69
0.72
0.71
0.68
0.67
0.79

Risk score ≥20 out of 81 points

0.85

H-L test = 0.5
Slope=0.95,
R2=0.94

Any 2 of 5 risk factors
Screen all
Any 2 of 5 risk factors

-

-

>56%E*
100%
>62%F*

Age ≤24 or age>24 if any clinical signs
Age ≤24 or age>24 if any clinical signs or
exposure to STI
Age ≤24 or age>24 if any clinical signs or
behavioural risk
Any 1 of 8 risk factors
≥3 of 5 risk factors
Any 1 of 5 risk factors
Age ≥30

-

-

64%*

-

-

75%

-

-

72%

0.86
-

-

>52%G*
<42%H*
-

Predicted probability cutoff at 2%
Predicted probability cutoff at 1%
Test all
Age<35 with >1 partner or age 18-27 with
>1 risk factors

0.70
0.69
0.65

-

<70%
<70%
100%

0.88

-

<38%I*

Risk score ≥15 out of 40 points
Risk score ≥20 out of 40 points
Risk score ≥15 out of 40 points

0.71
0.74
0.72

H-L test<0.21
H-L test<0.21
H-L test<0.21

<93%
>88%
89%

<83%
<79%
<73%
<72%
>63%A*
>55%B*
54%C*
>50%D*

*CPR attained or was close to attaining the performance benchmark of testing less than 60% of the target population or sub-populations
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A: Proportion tested is actually 63% to detect 86% of infections; B: Proportion tested is actually 55% to detect 89% of infections; C: value interpolated between
45.0% needed to achieve 86.8% sensitivity and 62.4% needed to achieve 93.1% sensitivity; D: Proportion tested is actually 50% to detect 89% of infections; E:
Proportion tested is actually 56% to detect 86% of infections; F: Proportion tested is actually 62% to detect 88% of infections; G: Proportion tested is actually 52%
to detect 89% of infections; H: Proportion tested is actually 42% to detect >90% of infections; I: Proportion tested is actually 56% to detect 86% of infections; I:
Proportion tested is actually 38% to detect 92% of infections
**CT=Chlamydia; GC=Gonorrhoea
#Calibration can be measured using (1) the Hosmer-Lemeshow (H-L) goodness-of-fit test where p-values greater than 0.05 indicate poor goodness of fit, or (2)
assessing whether the calibration slope of the plotted estimated and observed probabilities is 1
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Table 3.5 External validation of STI prediction rules

Article
Gotz et al, 2006 [145]
Population-based program
Community outreach project
Haukoos et al, 2012 [58]

Original model

STI*

STI prevalence

Predictive criteria

AUC

Change
from
original
AUC

Gotz et al, 2005

CT

Haukoos et al, 2012

HIV

52/1,413 (3.7%)
19/152 (12.5%)
168/22,983 (0.7%)

Risk score ≥7 out of 14 points
Risk score ≥9 out of 14 points
Screen all

0.66
0.68
0.75

-0.13
-0.11
-0.10

Calibration

% needed
to test to
achieve
90%
sensitivity

H-L test=0.02
H-L test=0.20
Slope=1.07, R2=0.98

<77%
<76%
100%

*CT=Chlamydia
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Chapter 4: Deriving and validating a risk estimation tool for screening asymptomatic
chlamydia and gonorrhoea
Falasinnu T, Gilbert M, Gustafson P, Shoveller, J. Deriving and validating a risk estimation
tool for screening asymptomatic chlamydia and gonorrhoea. Sex Transmitted Diseases. In press
4.1

Introduction
Sexual healthcare is facing a critical moment as healthcare costs escalate in almost every

high-income country and the recent economic crisis exacerbates the financial challenges already
facing publicly funded healthcare provision [15]. In this context, improving sexual healthcare
delivery is arguably of paramount interest. Moreover, inadequate access to sexual healthcare has
potentially detrimental effects on individuals and the community [172]. Thus, it is imperative to
adopt systems that optimise the delivery of comprehensive and high quality STI testing services
while minimising public health budget demands [14]. One important feature of efficient STI control
programs, especially in novel health service delivery models, such as internet-based testing programs,
is making certain that those at increased risk of STIs have access to screening services because
identifying and treating infections in this group can effectively terminate onward transmission and
therefore prevent new cases of disease.
However, much is still unknown about how best to maximise access for those at highest risk,
particularly in contexts where STI clinics are over-burdened with symptomatic clients [172]. As well,
increasing access to high-risk asymptomatic clients may also confer public health benefits as
undiagnosed and untreated infections can frequently progress to long-term complications such as
pelvic inflammatory disease and infertility (in women) and epididymitis (in men) [71]. In order to
maximise case finding in asymptomatic visits, selective screening (based on risk assessment and
entails the screening of individuals who meet pre-specified criteria) may be a prudent approach
because it minimises the costs associated with testing low risk individuals [27]. The current body of
knowledge indicates that risk prediction rules that capture a continuous risk spectrum are excellent
tools for targeted screening. However, CPRs in sexual health contexts have not been fully explored
in a variety of screening scenarios, including those where STI clinic clients present in the absence of
symptoms.
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This chapter examines the performance of a selective screening strategy (derived from a
clinical prediction rule) in identifying persons at increased risk of Chlamydia trachomatis and/or
gonococcal infections. Specifically, this chapter aimed to derive a risk scoring tool for screening for
asymptomatic chlamydia and/or gonorrhoea infection among patients seen at sexual health clinics
between 2000 and 2006 (derivation population) and test the generalisability of the algorithm in a
more recent time period among patients seen between 2007 and 2012 (temporal validation
population).
4.2
4.2.1

Methods
Study population
This analysis used electronic medical records from asymptomatic patients tested for

chlamydia or gonorrhoea between 2000 and 2012 at two sexual health clinics in Vancouver, BC. All
statistical analyses were performed using SAS version 9.3. This analysis included visits among all
women and heterosexual men, a population often targeted by screening recommendations issued by
public health organisations. This analysis also excluded visits among persons who were sexual
contacts of STI cases and follow-up visits for positive results. For this analysis, a range of
demographic and behavioural information from patient visits were extracted. These included age,
gender, race/ethnicity, number of sexual partners in the previous six months, condom use, injection
drug use (IDU), sex with partners recruited online, sex with IDU, sex with commercial sex workers
(CSW), and previous diagnosis with chlamydia and/or gonorrhoea infection.
The presence of missing data is a frequently encountered problem in the derivation and
validation of prediction rules [173]. The default strategy is to delete all incomplete observation from
the analysis; however, this is often a precarious and wasteful approach as variables are rarely missing
at random. In this analysis, variables such as race/ethnicity, condom use, and number of sexual
partners in previous 6 months have rates of missingness ranging from 8.9% to 42.2%. Imputation
techniques, especially multiple imputation, have been increasingly advocated to address the issue of
missing values [174-176]. This analysis imputed missing values using IVEware, a software
application that performs multiple imputations of missing values [177]. In this method, imputations
for each missing variable are produced based on a regression model using other variables as
predictors in a cyclic manner [178]. Missing data among predictors were imputed five times using the
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Sequential Regression Imputation Method (SRIM) and this resulted in estimates that were averaged
using Rubin’s rules [175].
In prediction modeling, the effective sample size is dependent on the number of individuals
who experience the outcome of interest. To reduce the risk of false positive findings (i.e., type I
errors), some authors have recommended that at least 10 individuals having the outcome of interest
are needed per variable to allow for accurate prediction modeling (i.e, events per variable, or EPV)
[54,179]. In this analysis, the derivation and validation populations were sufficiently powered, having
15 and 28 EPV, respectively. All associated methods were approved by the University of British
Columbia’s Research Ethics Board (certificate # H11-02000).
4.2.2

Derivation of risk estimation tool
The outcome measured was diagnosis with chlamydia and/or gonorrhoea infection. This

analysis examined a composite of both infections because most diagnostic tests use multiplex assays
that test for both infections simultaneously. This analysis used chi-square tests to analyse categorical
variables and used Student’s t-test to analyse continuous variables. Univariate logistic regression was
used in the derivation population to identify potential STI risk factors. To simplify risk score
generation and facilitate application in clinical and population-based settings, continuous variables
(e.g., age and number of sexual partners) were categorised. Tests for interaction between gender and
other risk factors were performed. Predictors found to be significant in the univariate analyses were
included in the final logistic regression model using backward elimination; predictors that were
included in the model had p-values<0.20. To be conservative, the final regression model included
only variables with p<0.05 in at least one of the imputed datasets [175]. The risk factors in the final
model were used to construct the equations used for the clinical prediction rule. To aid use in
screening decision-making, simplified risk scores were derived by multiplying the regression
coefficients (betas) by 5 and rounded to the nearest integer. Sum scores for each visit were then
derived by adding up the risk scores. These sum scores are direct reflection of the probability of
infection [27].
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4.2.3

Performance measures
This analysis estimated the model’s ability to discriminate between participants with or

without infection as measured by the area under the receiver operating characteristic curve (AUC).
An AUC value closer to a 100% shows that the model has excellent discriminative ability, while a
value close to 50% indicates no value [55,60]. Over-fitting occurs when the same data used to create
the model is also used to evaluate its performance leading to an optimistic assessment of the model’s
performance measures [180]. Ten-fold cross validation techniques were performed to estimate how
the model will generalise to an independent population and correct for this optimism bias [180]. In
addition, this analysis estimated 95% confidence intervals around the optimism-corrected AUC from
the calculation of the approximate standard error of the cross-validated datasets [55].
This analysis assessed calibration performance by calculating the Hosmer-Lemeshow
goodness of fit statistic, which measures whether the predicted probability of infection corresponds
with the observed probability. A well-calibrated model gives a corresponding p-value >0.05 [145].
This analysis also assessed the calibration of the simplified risk scores by visually examining the
prevalence of chlamydia and/or gonorrhoea infection in groups of the risk scores [58]. This analysis
also examined the sensitivity (i.e., proportion of all cases identified) and fraction of patients that
would need to be screened at different cut-offs of the risk scores. The benchmark set for a well
performing tool is one that identifies more than 90% of cases while screening 60% or less of the
population [51].
4.3
4.3.1

Results
Derivation population
Figure 4.1 is a flow chart showing the selection of clinic visits whose data were used in this

analysis. The chlamydia and/or gonorrhoea infection rate was 1.8% in the derivation population
(n=10,437). Table 4.1 shows the baseline distribution of candidate predictors. The following were
the demographic characteristics of the majority of patient visits: male (67%), individuals between 30
and 39 years old (31%) and white race (74%). Individuals who reported consistent condom use
during sexual contact comprised approximately 27% of clinic visits. Sexual contact with a CSW was
documented in 13% of patient visits (Table 4.1).
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Univariate predictors of chlamydia and/or gonorrhoea infection are shown in Table 4.2. In
the derivation population, the following predictors were not significantly associated with infection
and were subsequently not included in the final logistic regression model: gender, condom use, sex
with partners recruited online, IDU, sex with IDU, and sex with CSW. There were no significant
differences between the risk factors and the outcome by gender (i.e., no evidence of interaction
effects). Table 4.3 shows the results of the final multivariable regression model used for developing
the prediction rule. The model included age in years (categorised as 14-19, 20-14, 25-29, 30-39, ≥40);
race/ethnicity (white or non-white); number of sexual partners (0, 1-2, ≥3); previous chlamydia
diagnosis (yes or no); and previous gonorrhoea diagnosis (yes or no).
Figure 4.2 shows the receiver operating curves (ROCs) for the chlamydia and/or gonorrhoea
risk estimation model in the derivation and temporal validation populations. The model
demonstrated good discrimination in the derivation population (AUC=0.75, 95% CI: 0.72-0.80). As
internal validation indicates an upper limit of the expected performance in new settings, the ten fold
cross-validation indicated the lack of evidence for overfitting (AUC=0.74, 95% CI: 0.70-0.77). The
model demonstrated strong calibration in the derivation population, indicating good fit; the
Hosmer-Lemeshow ! ! statistic was 3.4 (8 df, p=0.91). The coefficients yielded risk scores, with a
minimum sum score of -2 and a maximum sum score of 26. To visualise the calibration of the
prediction rule, the total sample was divided into six groups as shown in Figure 4.3 which illustrates
the observed proportion of chlamydia and/or gonorrhoea infection as a function of the sum score
derived from the final model. Higher sum scores were correlated with higher prevalence, further
bolstering the good calibration indicated by the Hosmer-Lemeshow statistic.
The simplified risk scores can be applied for selective screening decision-making. Table 4.4
shows the screening performance estimates at different cutoff levels of the sum scores. In order to
identify all cases (i.e., 100% sensitivity), approximately 97% of the population would need to be
screened at a sum score cutoff point of ≥1. However, by reducing the cut off point of the risk score
to ≥6, only 68% of the population would need to be screened to identify 91% of the cases, making
this close to the benchmark of screening <=60% while identifying more than 90% of cases.
4.3.2

Temporal validation population
The validation sample consisted of 14,956 clinic visits, of which 2.2% were diagnosed with

chlamydia and/or gonorrhoea infection. There were slight differences between the derivation and
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validation populations; for example, the temporal validation population had lower overall prevalence
of injection drug use, previous chlamydia diagnosis and previous gonorrhoea diagnosis. This
population also had higher overall prevalence of patient visits reporting sex with partners recruited
from the Internet (Table 4.1). There were no major differences between the derivation and
validation populations in terms of the unadjusted odds ratios examining the associations between
the predictors and the outcome, except for the number of sexual partners in previous 6 months
(Table 4.2). The model demonstrated acceptable discrimination in the temporal validation
population (AUC=0.64, 95% CI: 0.61, 0.67) (Figure 4.2). The model also showed good calibration
upon validation (Hosmer-Lemeshow ! ! =8.8, 8 df, p=0.36). When categorised into the same six risk
categories as the derivation population, chlamydia and/or gonorrhoea infection prevalence ranged
from 0.1% in the lowest risk category to 16.1% in the highest risk category (Figure 4.3). When the
simplified risk scores were considered in the temporal validation population, choosing the risk cutoff
point of ≥6 would identify 83% of cases while screening 68% of the population (Table 4.4).
4.4

Discussion
This chapter derived and validated a risk-scoring tool for assessing the risk of chlamydia

and/or gonorrhoea infection among asymptomatic women and heterosexual men accessing sexual
health clinics in Vancouver, BC using predictors that are relatively easy to assess in a clinical
encounter. By using two populations, an earlier time frame (2000-2006) for the development of the
tool and a later time frame (2007-2012) for the validation, this chapter provides insight into the value
of the tool in sexual health practice in a more recent time period. As expected, the discrimination
and calibration performance of the tool were more impressive in the derivation population because
the logistic regression model was built on the derivation population [60,179,181]. The model
revealed no evidence for lack of fit in calibration performance in the temporal validation population.
Good calibration is important for health services delivery. Applying the risk stratification system
(derived from the simplified risk score) indicated that the risk of infection increased with higher risk
scores. The predicted risk in each risk score category may also facilitate shared decision-making
between patients and their clinicians and could be used to counsel patients.
The discriminatory performance in the temporal validation group was lower relative to the
derivation population. This issue draws attention to the likelihood of over-fitting, which if present,
could impact the algorithm’s reliability in additional settings [60]. However, over-fitting in this
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analysis was unlikely as judged by the cross-validated AUC of the derivation population, which was
not different from the naïve AUC. The waning in discriminatory performance of the model could be
due to the difference in case-mix between the two time periods [181]. Although the later time frame
had a slightly higher prevalence of infection, individuals comprising this population reported lower
proportions of the risk factors included in the final model. As a result, discrimination between cases
and non-cases in the more homogeneous temporal validation population was more difficult than in
the more heterogeneous derivation population [181]. It is hypothesised that the rise of less invasive
and more sensitive diagnostic tests (e.g., urine-based) may account for the increased testing uptake
among lower risk individuals. In addition, there is also the possibility that missed risk factors could
have impacted the discriminatory performance of the model in the temporal validation population.
Future studies are needed to evaluate whether additional predictors (e.g., highly detailed assessments
of behavioural risk) might further improve STI prediction. In these future scenarios, the practical
value and clinical usefulness of the updated risk score should be evaluated by assessing the ability of
newly proposed models to improve screening decision-making processes.
The lower discriminatory performance also reduced the case detection ability (sensitivity) at
each consecutive risk cutoff point of the model in the temporal validation population. Although the
sensitivity value was not as high in the temporal validation population as the derivation population at
each risk cutoff point, these results are an improvement to the current clinical situations in some
jurisdictions that entails the universal screening of all asymptomatic patients in STI clinical contexts.
The choice of the ideal risk cutoff points in decision-making depends on programmatic goals. The
consequences of the cutoff points must be evaluated by weighing the potential public health and
fiscal costs of missing an infection against the burden on current health human resources through
extensive cost effectiveness and cost benefit analyses [27].
The analysis presented in this chapter has several strengths and limitations. The large sample
sizes relative to the number of variables in the derivation and temporal validation populations are
important strengths. This is the first study in sexual health contexts that conducted temporal
validation of a derived prediction rule, an issue particularly salient in this field because of the shift to
more sensitive diagnostic tests over this time period. However, the data from which the model was
derived came from STI clinics and this could limit generalisability to other settings such as
reproductive health clinics or general practice settings. As well, the algorithm is based on the
assumption of a fixed epidemic; however, this assumption should be re-evaluated periodically over
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time to reflect the evolution of patient risk profiles. This process could be facilitated by the adoption
of electronic medical records whereby updated prediction rules can be easily re-programmed and
integrated into routine clinical care. Despite these limitations, a pragmatic risk-scoring tool was
derived from a model that included a diverse patient population. As funding available for sexual
health services decrease (or in some cases, remain stagnant) and STI rates increase, public health
programs are in need of novel strategies to maximise service efficiency. Future research is needed to
determine whether the adoption of risk estimation tools, such as the one developed here, will result
in economic savings or have long-term impacts on resource allocation (including health human
services and clinic operations).
4.5

Summary
In this chapter, the accuracy and temporal generalisability of a prediction rule for screening

asymptomatic chlamydia and/or gonorrhoea was determined. The good performance of the
prediction rule “over time” indicates that sexual health decision-makers may cautiously use the
prediction rule in future patients who are similar to the development and validation population.
However, validation in varied study sites is still necessary before the rule can be implemented in
clinical practice. Chapter 5 of this dissertation addresses this issue.
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Figure 4.1 Study population selection

CT/GC related visits at
BCCDC clinics, 2000-2012
N=82,500
Excluded MSM
N=26,265
Heterosexual men and women
N=56,235
Excluded symptomatic visits
N=21,015
Asymptomatic visits
N=27,669
Excluded N=2,276:
Sexual contacts of STI cases N=1,367
Follow-up visits for positive results N=909
Non-contact and non-repeat
positive visits
N=25,393

Derivation population ,
Clinic visits between 2000-2006
N=10,437

Temporal validation population ,
Clinic visits between 2007-2012
N=14,956
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Table 4.1 Population characteristics of the derivation and temporal validation populations*

Variable
Chlamydia and/or gonorrhoea case
Yes
No
Gender
Female
Male
Age (yrs)
14-19
20-24
25-29
30-39
≥40
Race/ethnicity
White
Non-white
No. of sexual partners in previous 6 months
0
1-2
≥3
Condom use*
Never
Sometimes
Always
Sex with partners recruited online
Yes
No
Injection drug use
Yes
No
Sex with injection drug user
Yes
No
Sex with commercial sex worker
Yes
No
Previous chlamydia diagnosis
Yes
No
Previous gonorrhoea diagnosis
Yes
No

Derivation
population
N
(%)

Temporal validation
population
N
(%)

184
10,253

1.8%
98.2%

331
14,625

2.2%
97.8%

3,496
6,941

33.5%
66.5%

5,341
9,615

35.7%
64.3%

257
1,962
2,651
3,181
2,386

2.5%
18.8%
25.4%
30.5%
22.9%

249
2,142
4,347
4,892
3,327

1.7%
14.3%
29.1%
32.7%
22.2%

7,732
2,705

74.1%
25.9%

10,402
4,554

69.6%
30.4%

644
6,857
2,936

6.2%
65.7%
28.1%

734
9,252
4,971

4.9%
61.9%
33.2%

2,362
5,269
2,806

22.6%
50.5%
26.9%

3,178
7,630
4,148

21.2%
51.0%
27.7%

417
10,020

4.0%
96.0%

1,375
13,581

9.2%
90.8%

211
10,226

2.0%
98.0%

134
14,822

0.9%
99.1%

455
9,983

4.4%
95.6%

405
14,551

2.7%
97.3%

1,381
9,057

13.2%
86.8%

1,840
13,116

12.3%
87.7%

1,518
8,919

14.5%
85.5%

1,728
13,228

11.6%
88.4%

619
9,819

5.9%
94.1%

441
14,515

2.9%
97.1%
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Derivation
Temporal validation
population
population
Variable
N
(%)
N
(%)
Total
10,437
100.0%
14,956
100.0%
*Missing data among the predictor variables was handled using a multiple imputation procedure
with 5 resampling replications, which generated an augmented databases with (5*10,437) 52,185 and
(5*14,956) 74,780 observations with complete data in the derivation and temporal validation
populations, respectively. With imputed sample, we estimated baseline characteristics and developed
prediction models. The average of all 5 imputed samples are shown in this table.
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Table 4.2 Chlamydia and/or gonorrhoea prevalence and unadjusted ORs in the derivation and
temporal validation populations*

Variable
Gender
Female
Male
Age (yrs)
14-19
20-24
25-29
30-39
≥40
Race/ethnicity
White
Non-white
No. of sexual partners in previous 6
months
0
1-2
≥3
Condom use
Never
Sometimes
Always
Sex with partners recruited online
Yes
No
Injection drug use
Yes
No
Sex with injection drug user
Yes
No
Sex with commercial sex worker
Yes
No
Previous chlamydia diagnosis
Yes
No
Previous gonorrhoea diagnosis
Yes
No
Total

Vancouver clinics, 20002006 (N=10,437)
%
OR (95% CI)

Vancouver clinics, 20072012 (N=14,956)
%
OR (95% CI)

2.1%
1.6%

1.31 (0.97-1.77)
Ref

2.3%
2.2%

1.08 (0.86-1.35)
Ref

7.4%
2.8%
1.8%
1.1%
1.2%

6.49 (3.58-11.75)
2.30 (1.46-3.63)
1.50 (0.94-2.38)
0.88 (0.53-1.45)
Ref

6.8%
3.3%
2.6%
1.9%
1.2%

6.28 (3.49-11.30)
2.94 (1.97-4.37)
2.28 (1.57-3.31)
1.65 (1.12-2.41)
Ref

1.2%
3.4%

Ref
2.90 (2.16-3.89)

2.0%
2.8%

Ref
1.44 (1.10-1.88)

0.5%
1.8%
2.0%

Ref
3.43 (1.10-10.73)
3.92 (1.23-12.45)

0.4%
2.0%
2.8%

Ref
6.48 (0.93-45.43)
8.97 (1.37-58.65)

1.6%
2.0%
1.4%

Ref
1.22 (0.84-1.77)
0.88 (0.56-1.39)

2.2%
2.4%
1.9%

Ref
1.12 (0.83-1.50)
0.87 (0.62-1.21)

1.2%
1.8%

0.67 (0.27-1.63)
Ref

1.4%
2.3%

0.61 (0.38-0.97)
Ref

1.6%
1.8%

0.89 (0.26-3.06)
Ref

2.4%
2.2%

1.02 (0.23-4.54)
Ref

1.0%
1.8%

0.55 (0.20-1.54)
Ref

1.3%
2.2%

0.51 (0.09-2.78)
Ref

1.2%
1.8%

0.65 (0.35-1.20)
Ref

1.2%
2.4%

0.50 (0.30-0.84)
Ref

5.1%
1.2%

4.40 (3.27-5.93)
Ref

4.7%
1.9%

2.52 (1.95-3.26)
Ref

2.1%
1.7%

1.21 (0.69-2.14)
Ref

2.1%
2.2%

0.96 (0.49-1.87)
Ref

1.8%

--

2.2%
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*Missing data among the predictor variables were handled using a multiple imputation procedure with 5
resampling replications, which generated an augmented databases with (5*10,437) 52,185 and (5*14,956)
74,780 observations with complete data in the derivation and temporal validation populations, respectively.
With the imputed sample, I estimated baseline characteristics and developed prediction models. The
average of all 5 imputed samples are shown in this table.
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Table 4.3 Prediction rule for quantifying the probability of chlamydia and/or gonorrhoea
infection using the derivation population
Variable
Intercept
Age (yrs)
14-19
20-24
25-29
30-39
≥40
Race/ethnicity
White
Non-white
No. of sexual partners in previous 6 months
0
1-2
≥3
Previous chlamydia diagnosis
Yes
No
Previous gonorrhoea diagnosis
Yes
No

aOR (95% CI)
--

Beta
-6.0381

Scoring points
--

5.25 (2.82-9.79)
1.92 (1.19-3.10)
1.20 (0.74-1.94)
0.71 (0.42-1.18)
Ref

1.6589
0.6544
0.1794
-0.3471
Ref

8
3
1
-2
Ref

Ref
2.74 (2.03-3.70)

Ref
1.0093

Ref
5

Ref
2.90 (0.97-8.75)
3.03 (0.99-9.30)

Ref
1.0565
1.1000

Ref
5
6

4.34 (3.19-5.89)
Ref

1.4574
Ref

7
Ref

1.27 (0.70-2.34)
Ref

0.2426
Ref

1
Ref
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Figure 4.2 Receiver operating characteristic curves for the derivation and temporal validation
populations
100.0%

80.0%

Sensitivity

60.0%
Derivation, AUC=0.74, 95% CI: 0.70-0.77
Temporal validation, AUC=0.64, 95% CI: 0.61-0.67

40.0%

20.0%

0.0%
0.0%

20.0%

40.0%

1-Specificity

60.0%

80.0%

100.0%
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Figure 4.3 Prevalence of chlamydia and/or gonorrhoea infection within risk score categories in
the derivation and temporal validation populations

25%

CT/GC prevalence (%)

20%

Score

15%

Derivation

Temporal validation

n/N (%)

n/N (%)

≤0

0/267 (0.0%)

0/287 (0.1%)

1-5

16/3,098 (0.5%)

55/4,493 (1.2%)

6-10

53/4,377 (1.2%)

135/6,494 (2.1%)

11-15

67/2,225 (3.0%)

99/3,083 (3.2%)

16-20

34/406 (8.4%)

36/559 (6.4%)

≥21

13/64 (20.9%)

6/40 (16.1%)

10%

5%

Derivation
Temporal validation

0%
≤0

1-5

6-10
11-15
Risk score

16-20

≥21
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Table 4.4 Sensitivity and specificity of cutoff scores in the derivation and temporal validation
populations
Score
Cutoff
≥-2
≥-1
≥0
≥1
≥2
≥3
≥4
≥5
≥6
≥7
≥8
≥9
≥10
≥11
≥12
≥13
≥14
≥15
≥16
≥17
≥18
≥19
≥20
≥21
≥22
≥23
≥24
≥25
≥26

Derivation population
Fraction
Sensitivity Specificity Screened
100.0%
0.0%
100.0%
100.0%
1.2%
98.8%
100.0%
1.3%
98.7%
100.0%
2.6%
97.4%
99.5%
3.7%
96.4%
99.5%
3.7%
96.4%
96.7%
16.7%
83.5%
95.8%
22.2%
78.1%
91.2%
32.7%
67.8%
84.9%
47.7%
52.8%
82.2%
53.0%
47.7%
72.2%
65.2%
35.4%
67.3%
70.6%
30.1%
62.5%
74.8%
25.8%
52.6%
81.4%
19.2%
47.7%
84.5%
16.1%
35.1%
91.1%
9.3%
32.4%
94.2%
6.3%
25.9%
95.9%
4.5%
21.2%
96.9%
3.4%
19.9%
97.2%
3.1%
14.3%
98.5%
1.8%
11.6%
99.0%
1.2%
7.3%
99.5%
0.6%
2.8%
99.9%
0.2%
2.8%
99.9%
0.1%
2.8%
99.9%
0.1%
2.8%
99.9%
0.1%
0.7%
100.0%
0.0%

PPV
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
2.0%
2.2%
2.4%
2.8%
3.0%
3.6%
3.9%
4.3%
4.8%
5.2%
6.6%
9.1%
10.1%
10.9%
11.4%
14.4%
16.9%
20.9%
28.0%
33.8%
33.8%
33.8%
30.0%

Temporal validation population
Fraction
Sensitivity Specificity
Screened
100.0%
0.0%
100.0%
100.0%
0.9%
99.1%
100.0%
0.9%
99.1%
99.9%
2.0%
98.1%
99.9%
2.7%
97.3%
99.9%
2.7%
97.3%
91.0%
15.7%
84.4%
87.2%
22.6%
77.7%
83.3%
32.3%
68.0%
73.4%
47.8%
52.7%
63.8%
54.4%
46.0%
53.5%
65.4%
35.0%
46.8%
71.2%
29.2%
42.5%
75.8%
24.6%
33.9%
83.6%
16.8%
30.4%
87.0%
13.4%
19.9%
92.0%
8.3%
14.5%
94.8%
5.4%
12.7%
96.2%
4.0%
10.3%
97.1%
3.0%
9.6%
97.4%
2.7%
6.1%
98.8%
1.3%
3.6%
99.5%
0.6%
1.9%
99.8%
0.3%
0.6%
100.0%
0.1%
0.6%
100.0%
0.1%
0.6%
100.0%
0.1%
0.6%
100.0%
0.1%
0.3%
100.0%
0.0%

PPV
2.2%
2.2%
2.2%
2.3%
2.3%
2.3%
2.4%
2.5%
2.7%
3.1%
3.1%
3.4%
3.6%
3.8%
4.5%
5.0%
5.3%
6.0%
7.0%
7.5%
7.9%
10.2%
14.1%
16.1%
23.8%
24.4%
24.4%
24.4%
33.3%
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Chapter 5: Geographical validation of a risk estimation algorithm for optimising chlamydia and
gonorrhoea case finding
Falasinnu T, Gilbert M, Gustafson P, Shoveller, J. Geographical validation of a risk estimation
algorithm for optimising chlamydia and gonorrhoea case finding. Submitted
5.1

Introduction
The imperative to adopt more efficient sexual health service provision by public health programs

has led to the development of service models that minimise the use of health human resources, such as
internet-based sexually transmitted infections (STI) testing and triage services [21,22,29,182]. The aim of
optimising service provision could be facilitated by the use of risk estimation algorithms. In Chapter 4, a
risk estimation algorithm for optimising asymptomatic chlamydia and gonorrhoea case finding was derived
using electronic medical records of patient visits at two sexual health clinics in Vancouver, BC. This
algorithm combines five risk factors: younger age, non-white race/ethnicity, multiple sexual partners,
previous chlamydia diagnosis, and previous gonorrhoea diagnosis.
The measures of a prediction rule’s performance are sometimes thought of as immutable features
that can be determined theoretically and subsequently applied in practice [69]. However, a prediction rule’s
accuracy in one context may vary from the performance estimates reported in the derivation stage. This
issue has been explored extensively in chronic disease research; for example, the Framingham risk score
has shown tremendous variability in discriminative and calibration abilities in varying settings [56,183]. This
variability is never random or due to chance. There may be genuine disparities that account for the
prediction rule’s accuracy in varied settings, such as general practice clinics or hospitals, different types of
hospital, or the same type of clinical setting in different geographical locations [69]. Whether the measures
of a prediction rule’s accuracy are transferable to additional contexts depends on recognising the possible
reasons for the variability in discrimination and calibration metrics across settings [69]. This inconsistent
performance may be due to artifactual disparities (e.g., different study design features in different contexts)
or genuine disparities (such as distribution of risk factors) [69].
Therefore, before the use of the risk estimation algorithm derived through the work described in
Chapter 4 may be recommended in clinical or population health decision-making, external validation in an
independent setting is required. This is essential to confirm that the algorithm is generalisable to a plausibly
related setting (as compared with the derivation population) that reflects the level of heterogeneity that will
be encountered in real-life applications of the algorithm [179]. As was demonstrated in Chapter 4, the
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algorithm showed reasonable discrimination and calibration upon validation in a later time period (i.e.,
temporal validation) [181]. Temporal validation is often cited as the first step in demonstrating the
transferability of a prediction algorithm [60]. However, temporal validation cannot assess the
transportability of the algorithm to other clinics or cities [179]. Geographical validation provides a more
rigorous proof of validation than temporal validation owing to the hypothesised differences in patient mix,
risk factor definitions, and disease prevalence [179]. Thus, this chapter sought to test the generalisability of
the Vancouver-derived algorithm in a population of patients attending sexual health clinics in seven other
geographical settings in BC.
5.2

Methods
The geographical validation dataset was derived from electronic medical records of clients

attending publicly funded sexual health clinics located in seven locations in BC: Penticton, Kelowna,
Kamloops, New Westminster, Boundary, Courtenay, and Prince George (see map in Appendix B). This
analysis was limited to clinic visits among asymptomatic females and heterosexual males who are not sexual
contacts of STI cases and not receiving confirmatory positive testing. The aim was to estimate the risk of
chlamydia and/or gonorrhoea infection. Here, in Chapter 5, the original model, regression coefficients, and
the simplified risk scores derived from the Vancouver clinic data are applied to a geographical validation
population [179].
The ‘Vancouver’ risk estimation algorithm uses a logistic regression formula to relate its five
predictors to chlamydia or gonorrhoea risk. The regression coefficients and their associated scoring points
are listed in Table 4.3. Multiple imputation methods (5 rounds) were used to impute missing values in the
geographical validation population [174,175]. This analysis imputed missing values using IVEware, a
software application that performs multiple imputations of missing values using the Sequential Regression
Imputation Method (SRIM) [177]. All predictors and the outcome variables were included in the
imputation model and the results of the 5 imputed datasets were combined to obtain final estimates
[174,175]. To assess the performance of the model in the geographical validation population, the model’s
discrimination was estimated by calculating the area under the receiver operating characteristic curve
(AUC). The AUC gives the likelihood that a randomly selected infected individual would have a higher
model predicted probability of chlamydia or gonorrhoea infection than a randomly selected non-infected
individual [184]. The closer an AUC is to 100%, the better the model [184].
Calibration was assessed with the Hosmer-Lemeshow goodness-of-fit statistic which investigates
(under the null hypothesis that there is no difference) the difference between the model predictions and the
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actual observations using deciles of predicted probabilities to categorise patients [184]. A p-value >0.05
indicates a good fit [184]. The model’s calibration was also examined by graphically plotting the prevalence
of chlamydia and/or gonorrhoea infection in groups of the simplified risk scores. To aid population-based
screening decision-making, a risk score was derived for each clinic visit in the geographical validation
population by adding up the scoring points derived from Table 4.3. An evaluation of the sensitivity (or the
fraction of infected cases identified) and the proportion of the population that would be screened at
different risk score cut points was also performed. A well-performing screening tool detects >90% of
cases, while screening <60% of the population [51].
In addition, a sub-analysis was performed to determine whether the ‘Vancouver’ prediction rule
performed better than deriving a new prediction model altogether using the geographical validation
population. The remodelled algorithm was derived with the same methodology as the ‘Vancouver’
prediction rule developed in Chapter 4 using logistic regression modelling. The final model consisted of
predictors that were used to score the geographical validation population. Discrimination and calibration
measures were also calculated for the remodelled algorithm and compared to the estimates derived using
the ‘Vancouver’ prediction rule. The Delong method for comparing two correlated ROC curves was used
to test whether that the AUC derived from the re-modeled algorithm was different from the one derived
from the ‘Vancouver’ algorithm [185]. The Delong chi-square test was used to assess whether the
difference between the AUCs is different from zero; a non-significant chi-square statistic is interpreted as
evidence that there is no difference between the AUCs [185]. All associated methods were approved by the
University of British Columbia’s Research Ethics Board (certificate # H11-02000).
5.3

Results
During the years 2000-2012, there were 10,425 patient visits that met the inclusion criteria at sexual

health clinics at the following geographical sites: Penticton, Kelowna, Kamloops, New Westminster,
Boundary, Courtenay, and Prince George. The prevalence of chlamydia and/or gonorrhoea infection was
5.3% (higher than the derivation population). Table 5.1 shows the distribution of the baseline
characteristics of patient visits. The derivation population (Vancouver) is included for comparison. The
majority of patient visits in the geographical validation population had the following demographic
characteristics: male gender (57.5%), aged between 20-24 years (28.0%), and white ethnicity (74.3%). More
than two-thirds of patient visits reported having 1-2 sexual partners in the previous 6 months and
approximately 43% reported always using condoms. Approximately 3% of patient visits reported injection
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drug use and the same proportion reported having sex with partners recruited online. Nearly 16% of
patient visits reported a previous chlamydia diagnosis.
The geographical validation population differed from the derivation population by having a higher
proportion of the following characteristics: females, younger individuals, inconsistent condom use, and
injection drug use (Table 5.1). There were also some differences between the derivation and geographical
validation populations in terms of the unadjusted odds ratios examining the associations between the
predictors and the outcome. Gender and condom use were significantly associated with infection in the
geographical validation population – associations that were not significant in the derivation population
(Table 5.2). Race/ethnicity was not significantly associated with the outcome in the geographical validation
population unlike the derivation population (Table 5.2).
The Vancouver risk model demonstrated good discrimination in the geographical validation
population. The AUC in the geographical validation population was 0.69, 95% CI: 0.67-0.71, while the
AUC in the derivation population was 0.74, 95% CI: 0.70-0.77 (Figure 5.1). The P-value of 0.26 for the
Hosmer-Lemeshow goodness-of-fit test also indicated good calibration. Figure 5.2 shows the calibration in
the geographic validation population was good as the prevalence of chlamydia and/or gonorrhoea
infection increased with increasing risk score, which ranged from 0.2% in the lowest risk score category to
23.7% in the highest risk category. The risk model may be adapted for selective screening of individuals
with relatively high scores (Table 5.3). This analysis identified a risk score cutoff level of ≥6 points that
would identify approximately 95% of infections while screening 78% of the geographical validation
population. In the derivation population, the same risk score cutoff of ≥6 points identified 91% of cases
and the fraction screened was 68% of the population.
A remodelled risk algorithm was derived by performing a logistic regression analysis on the
geographical validation population. The following predictors were included in this remodelled algorithm:
gender, age, number of sexual partners in previous 6 months, injection drug use, sex with IDU, previous
chlamydia diagnosis, and previous gonorrhoea diagnosis (Table 5.4). The AUC of the remodelled algorithm
was 0.72 (95% CI: 0.70-0.74) and the Hosmer-Lemeshow goodness of fit P-value was 0.47. The p-value of
the Delong chi-square testing the difference between the AUCs of the remodeled algorithm and the
‘Vancouver’ prediction rule in geographical validation population was 0.236.
5.4

Discussion
Validation studies aim to provide evidence that a risk scoring algorithm can be generalised to new

populations. The ‘Vancouver’ risk estimation tool showed slightly better discrimination in the geographical
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validation population (AUC=0.69) than in the temporal validation population (AUC=0.64). Remarkably,
the risk estimation tool performed well in the geographical validation population despite the fact that the
geographical validation population differed from the derivation population regarding some predictors (e.g.,
age, condom use and previous infection). The geographic validation regions have higher rates of chlamydia
and gonorrhoea infection and dissimilar STI epidemiology and social determinants of sexual health [186188] (see map in Appendix A). A sub-analysis also revealed that a remodelled algorithm using data from
the geographical validation population performed no better than the ‘Vancouver’ prediction algorithm as
indicated by the non-significant chi-square statistic testing the difference between the AUCs. These
findings provide strong evidence that the risk score is robust and valid and likely has generalisable
discrimination and calibration in varied settings.
The findings of this analysis were compared to other external validation studies in sexual health
contexts. Two published studies that examined the validity of previously derived CPRs in new geographic
settings [58,145] were identified. Gotz and colleagues derived a prediction rule for chlamydia infection for
the selective screening of high-risk individuals in Rotterdam, The Netherlands [145]. The prediction rule
showed fair external validity in two independent settings: a population-based study in Amsterdam and an
outreach screening project among high-risk youth in Rotterdam. The AUC was 0.79 (95% CI: 0.76-0.84) in
the derivation sample, 0.66 (95% CI: 0.58-0.74) in the Amsterdam sample, and 0.68 (95% CI: 0.58- 0.79) in
the Rotterdam sample [145]. A second study by Haukoos and colleagues (2011) derived and validated an
algorithm to accurately identify patients at risk for HIV infection, using patient data from an STI clinic in
Denver, Colorado (1996–2008) [58]. Validation was performed using an independent population from an
urban emergency department in Cincinnati, Ohio. The results of the study showed that the risk score
showed reasonable generalisability; the AUC was 0.85 (95% CI: 0.83-0.88) in the derivation sample and
0.75 (95% CI: 0.70-0.78) in the validation sample [58].
The AUC of the ‘Vancouver’ risk estimation in the derivation population was lower compared to
the AUCs of the two aforementioned studies (Gotz et al., 2006; Haukoos et al., 2011). This can be
explained by the omission of symptoms in the ‘Vancouver’ risk estimation tool, which have been shown to
be significantly associated with infection [189]. Specifically, unlike previous risk estimation tools in sexual
health settings, the ‘Vancouver’ risk estimation tool was limited to asymptomatic patients, an important
improvement as most STIs infrequently present with symptoms. The loss in discriminative ability between
the derivation and validation populations in the other studies ranged (in absolute percentage points) from
10% points to 13% points, compared to a loss of 10% points and 5% points in the temporal and
geographical validation populations, respectively in this analysis.
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Overall, these findings are encouraging and bolster confidence in recommending this risk
estimation algorithm for use in sexual health services and programs. The risk score could be easily
implemented and is accurate enough to convey important screening considerations. The risk score is based
on information easily obtained from clinical encounters and does not require intensive data collection
resources. However, caution should be exercised in generalising the findings of this analysis to even more
diverse geographic settings. Several additional analyses are recommended before the widespread
implementation of the risk estimation algorithm. For example, the algorithm’s screening performance
could be prospectively verified in internet-based STI testing contexts. Furthermore, while the derivation
and validation populations are an unbiased representation of STI clinic clients in BC, the current results
might or might not be valid for other settings in BC (or other Canadian provinces, or even other global
settings). It would be reasonable to argue that STI clinic clients also may vary significantly from patients seeking
care in primary care settings; and, therefore, the results of the current CPR should not be directly extrapolated
to other settings without additional validation studies that could provide stronger evidence for the
generalisability of the risk estimation algorithm.
5.5

Strengths and limitations
There were several strengths to the geographic validation process undertaken here, including the

large overall population size, the independence of the clinicians in the geographical validation population
from the derivation population, and the systematic analysis of its discrimination and calibration. One
limitation of this study is that it was not possible to test the accuracy of the risk score at individual
geographical sites due to sample size limitations because the insufficient events per variable at individual
clinics precluded this analysis. Differences in prevalence, methods of patient selection, and data collection
between the derivation population and other sexual health service contexts are more likely to be detected
when multiple independent geographical sites have applied the tool [60]. A site-specific analysis would have
tested the accuracy of the risk estimation tool in the hands of diverse clinicians at diverse geographical sites
and, consequently, could have provided more thorough evidence of the generalisability of the tool than the
single validation conducted at the multiple sites. Unfortunately, this particular approach was beyond the
feasibility reach of the current study.
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5.6

Summary
This chapter highlighted the geographical validation of the ‘Vancouver’ risk estimation tool - the

final step in the methodological framework (Figure 1.1). The prediction rule showed adequate
discrimination and calibration upon validation in seven clinics outside of Vancouver. However, despite the
good performance of the risk estimation tool in the geographical validation, the integration of this tool into
routine sexual health services may face a number of challenges, e.g., the availability of electronic medical
records, patient and clinician acceptability. The concluding section of this dissertation (i.e., Chapter 6)
reflects upon many of those challenges. Chapter 6 also provides an opportunity to contextualise the overall
findings of this dissertation as well as provide directions for future research.
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Table 5.1 Population characteristics of visits at sexual health clinics in the derivation and
geographical validation populations

Variable
Chlamydia or gonorrhoea case
Yes
No
Gender
Female
Male
Age (yrs)
14-19
20-24
25-29
30-39
≥40
Race/ethnicity
White
Non-white
No. of sexual partners in previous 6
months
0
1-2
≥3
Condom use
Never
Always
Sometimes
Sex with partners recruited online
Yes
No
Injection drug use
Yes
No
Sex with injection drug user
Yes
No
Sex with commercial sex worker
Yes
No
Previous chlamydia diagnosis
Yes
No
Previous gonorrhoea diagnosis
Yes

Derivation population,
2000-2006
N
%

Geographical validation
population, 2000-2012
N
%

184
10,253

1.8%
98.2%

556
9,869

5.3%
94.7%

3,496
6,941

33.5%
66.5%

4,431
5,994

42.5%
57.5%

257
1,962
2,651
3,181
2,386

2.5%
18.8%
25.4%
30.5%
22.9%

1,748
2,922
1,969
1,850
1,935

16.8%
28.0%
18.9%
17.7%
18.6%

7,732
2,705

74.1%
25.9%

7,741
2,684

74.3%
25.7%

644
6,857
2,936

6.2%
65.7%
28.1%

590
7,004
2,830

5.7%
67.2%
27.1%

2,362
5,269
2,806

22.6%
50.5%
26.9%

2,650
4,489
3,286

25.4%
43.1%
31.5%

417
10,020

4.0%
96.0%

341
10,083

3.3%
96.7%

211
10,226

2.0%
98.0%

351
10,073

3.4%
96.6%

455
9,983

4.4%
95.6%

407
10,018

3.9%
96.1%

1,381
9,057

13.2%
86.8%

826
9,599

7.9%
92.1%

1,518
8,919

14.5%
85.5%

1,660
8,765

15.9%
84.1%

619

5.9%

310

3.0%
80

Variable
No
Total
*Imputed values

Derivation population,
2000-2006
N
%
9,819
94.1%
10,437

100.0%

Geographical validation
population, 2000-2012
N
%
10,115
97.0%
10,425

100.0%

81

Table 5.2 Chlamydia and/or gonorrhoea prevalence and unadjusted ORs (derivation and
geographic validation populations)*

Variable
Gender
Female
Male
Age (yrs)
14-19
20-24
25-29
30-39
≥40
Race/ethnicity
White
Non-white
No. of sexual partners in previous 6
months
0
1-2
≥3
Condom use
Never
Sometimes
Always
Sex with partners recruited online
Yes
No
Injection drug use
Yes
No
Sex with injection drug user
Yes
No
Sex with commercial sex worker
Yes
No
Previous chlamydia diagnosis
Yes
No
Previous gonorrhoea diagnosis
Yes
No
Total

Derivation population
(N=10,437)
%
OR (95% CI)

Geographical validation
population (N=10,425)
%
OR (95% CI)

2.1%
1.6%

1.31 (0.97-1.77)
Ref

6.8%
4.2%

1.67 (1.40-1.98)
Ref

7.4%
2.8%
1.8%
1.1%
1.2%

6.49 (3.58-11.75)
2.30 (1.46-3.63)
1.50 (0.94-2.38)
0.88 (0.53-1.45)
Ref

9.7%
7.7%
4.9%
2.4%
1.1%

9.47 (6.00-14.94)
7.40 (4.72-11.58)
4.55 (2.82-7.34)
2.15 (1.27-3.62)
Ref

1.2%
3.4%

Ref
2.90 (2.16-3.89)

5.2%
5.7%

Ref
1.10 (0.78-1.55)

0.5%
1.8%
2.0%

Ref
3.43 (1.10-10.73)
3.92 (1.23-12.45)

2.0%
4.9%
7.1%

Ref
2.50 (1.26-4.98)
3.71 (1.83-7.55)

1.6%
2.0%
1.4%

Ref
1.22 (0.84-1.77)
0.88 (0.56-1.39)

4.5%
6.0%
5.0%

Ref
1.36 (1.07-1.72)
1.11 (0.85-1.46)

1.2%
1.8%

0.67 (0.27-1.63)
Ref

2.7%
5.4%

0.48 (0.25-0.94)
Ref

1.6%
1.8%

0.89 (0.26-3.06)
Ref

7.5%
5.3%

1.45 (0.81-2.58)
Ref

1.0%
1.8%

0.55 (0.20-1.54)
Ref

6.6%
5.3%

1.27 (0.78-2.07)
Ref

1.2%
1.8%

0.65 (0.35-1.20)
Ref

2.7%
5.6%

0.48 (0.29-0.79)
Ref

5.1%
1.2%

4.40 (3.27-5.93)
Ref

11.7%
4.1%

3.10 (2.58-3.72)
Ref

2.1%
1.7%

1.21 (0.69-2.14)
Ref

4.2%
5.4%

0.77 (0.44-1.36)
Ref

1.8%

--

5.3%

-82

*Missing data among the predictor variables were handled using a multiple imputation procedure with 5
resampling replications, which generated an augmented databases with (5*10,437) 52,185 and (5*10,425)
52,125 observations with complete data in the derivation and temporal validation populations, respectively.
With the imputed sample, I estimated baseline characteristics and developed prediction models. The
average of all 5 imputed samples are shown in this table.
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Table 5.3 Sensitivity and specificity of cutoff scores in the derivation and geographical
validation populations
Score
Cutoff
≥-2
≥-1
≥0
≥1
≥2
≥3
≥4
≥5
≥6
≥7
≥8
≥9
≥10
≥11
≥12
≥13
≥14
≥15
≥16
≥17
≥18
≥19
≥20
≥21
≥22
≥23
≥24
≥25
≥26
≥27

Derivation population
Fraction
Sensitivity Specificity Screened
100.0%
0.0%
100.0%
100.0%
1.2%
98.8%
100.0%
1.3%
98.7%
100.0%
2.6%
97.4%
99.5%
3.7%
96.4%
99.5%
3.7%
96.4%
96.7%
16.7%
83.5%
95.8%
22.2%
78.1%
91.2%
32.7%
67.8%
84.9%
47.7%
52.8%
82.2%
53.0%
47.7%
72.2%
65.2%
35.4%
67.3%
70.6%
30.1%
62.5%
74.8%
25.8%
52.6%
81.4%
19.2%
47.7%
84.5%
16.1%
35.1%
91.1%
9.3%
32.4%
94.2%
6.3%
25.9%
95.9%
4.5%
21.2%
96.9%
3.4%
19.9%
97.2%
3.1%
14.3%
98.5%
1.8%
11.6%
99.0%
1.2%
7.3%
99.5%
0.6%
2.8%
99.9%
0.2%
2.8%
99.9%
0.1%
2.8%
99.9%
0.1%
2.8%
99.9%
0.1%
0.7%
100.0%
0.0%

PPV
1.8%
1.8%
1.8%
1.8%
1.8%
1.8%
2.0%
2.2%
2.4%
2.8%
3.0%
3.6%
3.9%
4.3%
4.8%
5.2%
6.6%
9.1%
10.1%
10.9%
11.4%
14.4%
16.9%
20.9%
28.0%
33.8%
33.8%
33.8%
30.0%

Geographical validation population
Fraction
Sensitivity Specificity
Screened PPV
100.0%
0.0%
100.0%
5.3%
100.0%
0.7%
99.3%
5.4%
100.0%
0.7%
99.3%
5.4%
99.9%
1.7%
98.4%
5.4%
99.9%
2.5%
97.7%
5.5%
99.9%
2.5%
97.7%
5.5%
97.1%
10.8%
89.7%
5.8%
96.2%
13.7%
86.9%
5.9%
94.5%
22.5%
78.4%
6.4%
90.1%
34.1%
67.2%
7.2%
86.0%
37.9%
63.3%
7.2%
71.6%
52.9%
48.4%
7.9%
64.0%
58.9%
42.3%
8.1%
61.8%
63.0%
38.4%
8.6%
59.3%
67.4%
34.1%
9.3%
57.6%
69.5%
31.9%
9.6%
41.5%
83.1%
18.2%
12.1%
32.4%
88.2%
12.9%
13.4%
25.6%
91.1%
9.8%
13.9%
22.4%
92.4%
8.4%
14.3%
21.8%
92.8%
8.0%
14.5%
17.4%
95.9%
4.9%
19.1%
14.8%
96.9%
3.7%
21.2%
8.1%
98.5%
1.8%
23.7%
3.5%
99.4%
0.7%
26.1%
3.4%
99.5%
0.7%
26.3%
3.4%
99.5%
0.7%
26.3%
3.4%
99.5%
0.7%
26.3%
1.5%
99.8%
0.3%
28.1%
0.1%
100.0%
0.0%
18.2%
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Table 5.4 Locally derived prediction algorithm using the geographical validation population
Variable
Intercept
Gender
Female
Male
Age (yrs)
14-19
20-24
25-29
30-39
≥40
No. of sexual partners in previous 6 months
0
1-2
≥3
Injection drug use
Yes
No
Sex with injection drug user
Yes
No
Previous chlamydia diagnosis
Yes
No
Previous gonorrhoea diagnosis
Yes
No

aOR (95% CI)
--

Beta
-5.5634

1.18 (0.98-1.42)
Ref

0.1658
Ref

8.52 (5.35-13.56)
6.67 (4.24-10.49)
4.11 (2.55-6.62)
1.95 (1.16-3.29)
Ref

2.1418
1.8968
1.4117
0.6673
Ref

Ref
2.09 (1.15-3.80)
2.93 (1.60-5.37)

Ref
0.7280
1.0635

1.55 (1.00-2.42)
Ref

0.4323
Ref

1.33 (0.86-2.05)
Ref

0.2750
Ref

2.84 (2.35-3.43)
Ref

1.0434
Ref

1.23 (0.68-2.23)
Ref

0.2085
Ref
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Figure 5.1 Receiver operating characteristic curves for the derivation and geographical
validation populations
100.0%

80.0%
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Figure 5.2 Prevalence of chlamydia and/or gonorrhoea infection within risk score categories
in the derivation and geographical validation populations
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Chapter 6: Discussion and future directions
6.1

Overview of study findings
The purpose of this dissertation was to conduct an integrated series of inquiries examining

the development and validation of a risk estimation tool for screening asymptomatic chlamydia
and/or gonorrhoea. Here, in the final chapter, I integrate and synthesise the empirical findings,
identify the theoretical and policy implications with respect to the sexual health service provision,
highlight the overall study strengths and limitations, and provide suggestions for future research.
Specifically, this final chapter highlights insights regarding strategies that could be used to further
bridge the gap between evidence from research and routine sexual health service provision.
In this first section of Chapter 6, the reviews presented in Chapters 2 and 3 are used to
contextualise the findings of the empirical chapters (Chapters 4 and 5). Chapter 2 presented a
theory-guided review of risk factors for chlamydia and gonorrhoea infection identified in empirical
studies and in screening guidelines issued by health organisations. The intention of that review was
to provide an overall assessment of the predictive value of these risk factors and in this way, guide
an understanding of the predictors that eventually comprise the prediction rule presented in the
empirical chapters. In Chapter 3, a methodological review of prediction rules used in sexual health
services was presented. Drawing on the findings of the methodological review, a methodological
framework was developed highlighting distinct stages required for the development and validation
of a clinical prediction rule that was then used in the subsequent empirical chapters.
In Chapter 4, a prediction rule which uses routinely collected risk factors was derived for
screening asymptomatic chlamydia and/or gonorrhoea in an earlier time period (2000-2006) and
validated in a subsequent time period (2007-2012) using electronic medical records collected at two
STI clinics in Vancouver. The predictors of chlamydia and/or gonorrhoea infection identified were
young age, non-white race/ethnicity, multiple sexual partners, previous chlamydia, and previous
gonorrhoea infection. These risk factors were also identified as strong predictors in the empirical
literature and screening guidelines (see Chapter 2). The observed statistical significance of
race/ethnicity should be interpreted in light of other social and structural factors (e.g.,
socioeconomic status). Research shows that the acquisition of STI is related to background STI
prevalence rates within particular sexual networks, which are clearly different in various
socioeconomic and ethnic groups [72]. In this study, the only behavioural risk factor or proximate
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determinant found to be independently associated with infection was the number of sexual partners;
this is consistent with the findings of another study examining selective screening criteria in the
United States [51], where behavioural risk factors were not found to add efficiency as selective
factors. As noted in Chapter 2, the weak association between proximate determinants and infection
can be explained by the difficulty in measuring behavioural risk factors in day-to-day clinical risk
assessment. To be feasible in clinical settings, risk assessment tools must be as parsimonious as
possible, and are as such not necessarily reflective of comprehensive assessments of risk behaviour.
Although the review presented in Chapter 2 found weak evidence for the association between
having a history of infection and STI diagnosis, this dissertation found that previous chlamydia or
gonorrhoea infection was predictive of current infection. This finding was potentially due to the use
of medical records to elicit this information as opposed to relying on patient recollection.
The prediction rule demonstrated adequate discriminative and calibration ability for
chlamydia and/or gonorrhoea infection in the derivation and temporal validation populations. Each
risk factor in the final model received a certain number of points that were added into a risk score,
which mirrors the probability of infection. By choosing a specific risk score as cut-off level for
screening, the number of persons to be screened will be reduced, and the prevalence in the screened
population will be higher than in the general population. The aim of selective screening is to increase
sensitivity (percentage of cases detected) and to increase efficiency (decrease the percentage of the
population to be screened). In the derivation population, if screening were advised for people with a
score of 6 or above, 91% of the cases would be detected by screening only 68% of the population;
the optimal threshold of the benchmark of 90% sensitivity by screening 60% would be close to
being reached (Table 4.4). In the screened population, chlamydia and/or gonorrhoea prevalence
would be 2.4% compared to 1.8% overall. When only considering the screened population, 97.6%
of the screened population would test negative. Of all non-infected people, 33% would avoid being
unnecessarily screened. However, the 32% reduction in the number of individuals that need to be
screened using the ≥6 risk score cutoff compared to screening the whole population shows that the
efficiency of screening in population-based programmes may be improved by targeting screening in
this way [145]. As noted in Chapter 2, age <25 years is a screening criterion used in the US and
Canada. Using this criterion in the derivation population would require screening 21% of the
population while identifying only 40% of cases, a performance that falls short of the screening
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benchmark even after increasing the age cutoff to <30 years, indicating that the prediction rule could
be useful in decision making in this setting.
In Chapter 5, the performance of the ‘Vancouver’ prediction rule was evaluated in seven
additional geographical settings in BC. The discriminative performance of the prediction rule in the
geographical validation population was moderate (AUC=0.69), but was better than the temporal
validation population (AUC=0.64), indicating that the temporal validation population was less
heterogeneous than the derivation and geographical validation populations. In this population,
choosing the cutoff point of ≥6 would require screening 78% of the population to find 95% of the
cases and equates to a reduction of 22% in the number of individuals that would need to be
screened. However, using the ≥6 cutoff point would fail to meet the efficiency benchmark of
screening <60% of the population. Increasing the cutoff point to ≥7 would require screening 67%
of the population to achieve a sensitivity of 90%, which would be closer to the efficiency
benchmark. In applying the prediction rule to a population with a higher prevalence of infection and
risk behaviours (i.e., more severe case mix) such as the geographical validation population, it is
expected that a choosing a higher cutoff point will increase the efficiency of screening decisionmaking [55,145].
Alternatively in this setting, applying the age-based screening criterion (i.e., age <25 years) to
the geographical validation population would require screening of 45% of the population but would
only detect 71% of the cases, a performance that falls short of the screening benchmark. However,
increasing the cutoff to age <30 years would require screening 64% of the population with a
sensitivity of 88%, a performance that’s close to the benchmark and also similar to using the cutoff
point of ≥7. This finding suggests that using age alone could be a viable option as a screening
criterion in the geographical validation population, but not in the derivation population. This finding
was not surprising because the distribution of age in the geographical validation population was
more heterogeneous than in the derivation population – a situation that often leads to better
discrimination and optimum screening performance [55].
Several studies have established the validity of prediction rules as screening criteria, especially
where chlamydia and/or gonorrhoea prevalence is low (i.e., <2%) such as found in the derivation
population [190]. Although it has been suggested that universal screening or using age as a viable
discriminant factor would be cost effective in settings with prevalence of 2% or more, however,
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publicly funded sexual health clinics are constrained by available funding and limited resources must
continue to be applied where they will be able to detect and treat as much infection as possible [190].
Specifically, screening women less than 25 years old could prove to be cost prohibitive in settings
where individuals in this age group comprise the highest proportion of clinic visits [50]. Caution
should also be exercised before using age as a criterion in Internet-based testing scenarios such as
GCO where good calibration (and not just discrimination) would be an essential attribute of risk
assessment. In these scenarios, the risk score categories and their associated prevalence presented in
chapters 4 and 5 would prove more useful than age-based criterion for patients trying to decide
whether to take the STI test. This is because the process of moving from screening criteria that
focus on particular risk factors (e.g., age) to prediction rules acknowledges a more comprehensive
spectrum and the continuous nature of risk factors [191].
6.2

Study strengths and limitations
Collectively, these research findings offer novel and important insights into risk estimation in

sexual health contexts. Although specific strengths and limitations are presented in the discussion
sections of Chapters 3-5, several overarching points need to be considered when interpreting the
overall findings and implications of the current dissertation. For example, in Chapter 2, there were
few high-quality studies that specifically investigated the risk factors associated with infection
amongst males. Most of the studies included in the review were conducted in contexts where
women’s bodies are the primary foci of surveillance (e.g., routine screening of sexually active females
during annual physical exams). Also, it should be noted that many organisations issuing screening
recommendations highlight the lack of evidence and the potential effects of under-screening (and
the resultant service gap and neglected reservoir of infection) amongst males, especially young men
[192]. In order to be consistent with the guidelines in the literature, gender was not treated as a
predictor but rather males and females were treated as different populations in articles that reported
multivariate analyses stratified by gender.
The empirical work conducted in Chapters 4-5 attempted to address at least a portion of the
identified gap by deriving and validating a screening tool in a population of women and heterosexual
men. The apriori analysis plan was to develop prediction rules separately for males and females.
However, the predictors and beta coefficients included in the final models did not differ significantly
by gender. Clearly, testing women for STIs remains important from an individual and a public health
91

perspective; but, to do so while not adequately accounting for men within screening interventions
could have unintended consequences (e.g., stigmatization of women’s bodies; reinforcing stereotypes
about men’s ‘freedom’ from sexual health responsibilities) [193] . While developing screening
interventions that engage women and men presents a complex and enduring public health challenge
[194], the prediction rule derived in this dissertation is a promising approach for fostering gender
equity in this area [195].
The current study was the first to derive and validate a locally-specific risk assessment tool to
quantify STI risk in a Canadian setting. Risk assessment tools ideally should be derived from large
representative samples [122]. This study included 13 years of electronic health records comprising
40,000 patient visits to publicly funded STI clinics in BC, representing a high percentage of the
population of individuals using this service in the province. As with most administrative datasets, the
dataset was not deliberately built for the derivation of risk algorithms, resulting in some missing
information for several predictors. A methodological strength of the current analysis was the use of
imputation to replace those missing data, which is rarely done in prediction modeling studies. The
use of imputation techniques yielded discrimination and calibration performance measures similar to
those of complete case analyses in which individuals with missing values on any of the considered
variables were excluded and baseline analyses in which individuals with missing values on a variable
were assumed to be in the lowest category (data not shown) [175]. This finding suggests that the
algorithm was valid despite the consequential risk factor misclassification associated with the data
imputation process. Overall, however, the use of imputation techniques offers improved study
power and limited bias in the estimated regression coefficients [175].
The analyses presented in this dissertation combined chlamydia and gonorrhea outcomes
because of the single test offered for both. However, as noted in Chapter 1, there are differences in
the epidemiology of these two infections that affect the findings of the literature review and the
empirical analyses presented. Chlamydia infections contribute the highest STI incidence rate in the
BC. It is characterized by a more generalized distribution of case reports and affects mostly young
people. In contrast, gonorrheal infections have a lower incidence rates and are driven by core group
activities. The apriori expectation was that the discrimination of the model would be higher for
gonorrhoea outcomes only because of the concentration of this infection in individuals with higher
risk profiles. A sub-analysis found that there was no difference in the performance of the prediction
rule for detecting gonorrhoeal infection (AUC = 0.73) and chlamydia infection (AUC = 0.75) only.
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This finding gives more confidence in the decision to combine both outcomes. However, this
dissertation did not combine previous diagnosis with chlamydia and gonorrhoea infection into a
single variable in the multivariate analysis because of the reduction in discrimination and model fit
measures that resulted from this combination.
Also, this was the first study that adopted a conceptual framework to guide the
understanding of the predictors that comprise a prediction rule. This is an important strength of the
study because it is essential to understand the reasoning behind a variable’s statistical significance.
The proximate-determinants framework was adopted because it is the only framework that has been
validated in STI settings –specifically, in a seminal HIV study that evaluated the contribution of
proximate and underlying determinants for predicting individual level HIV risk [65]. The framework
hypothesizes that if the proximate determinants are measured well, the underlying determinants
should be non-significant because the underlying determinants predict the proximate determinants.
But this was obviously not the case in this study. The most significant variables are
sociodemographic determinants. Only one behavioural variable (number of sexual partners in
previous six months) was significant. This finding highlights the difficulty in validating a framework
in contexts where the data was not collected with the framework specified apriori.
In addition, it was also impossible to evaluate determinants that measure important concepts
such as the force of infection, sexual network and partnership structures of the population, and
partnership level characteristics. Specifically, the decrease in the value of the performance metrics of
the prediction rule may have resulted from the absence of these determinants of infection [145].
Currently, the variables captured in the STI databases do not include many of these partnership level
characteristics. STI risk is determined by the characteristics of sexual partnerships and sexual
networks, as these are components of transmission dynamics that hinder or facilitate safer sex
practices [145,196] . For example, an emerging area of consideration in STI epidemiology is age
mixing, which is defined as sexual partnerships between younger women and older men, a situation
that is associated with lower condom negotiation skills and increased rates of infection [196]. The
lack of these sexual partnership characteristics and missing network level determinants such as
concurrency may have contributed to the sub-optimal performance of the prediction rule upon
validation [145]. Further validation and updating of the prediction rule is, thus, warranted. For
example, when using the prediction rule in online contexts, it is essential that partnership
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characteristics be included and the performance of this updated prediction rule should be assessed
[145].
In terms of limitations, the validity of the risk factors comprising the prediction rule depends
on the accuracy of the self-reported health behaviors. There is a risk of recall and social desirability
biases because of the self-reported nature of stigmatised activities and behaviours. There is also the
risk of over-reporting of perceived normative behaviours, such as condom use. Such reporting
biases would artificially inflate the relationships between infection and risk factors. However,
because the clinical risk assessment interviews are confidential and are conducted by clinicians who
are typically not acquainted with the respondents, strong motivations to self-present are unlikely.
Moreover, the outcome variables do not rely on self-report and thus are not subject to recall or social
desirability biases.
Another important limitation of the current work is that the inclusion of race/ethnicity in a
prediction rule might give rise to concerns about stigma and discrimination in the absence of careful
attention and explanation of network effects. Race/ethnicity, an underlying determinant, was
evidenced as a major risk factor for STIs. It has been posited that race/ethnicity is a marker of a
core group with high prevalence of infection because of poor access to care [11]. The findings of
this research suggest that additional research is needed to unravel how the evidence associating
race/ethnicity with infection can be more effectively understood, particularly in terms of how that
knowledge could be used to better inform the scaling-up of screening interventions, without
exacerbating existing sexual health inequities, particularly amongst vulnerable sub-groups (e.g.,
people who are racialised and/or stereotyped by virtue of their ethnic identity). This is a pressing
concern that demands sophisticated theoretical and methodological work to sort out how sexual
health inequities become concentrated amongst particular population sub-groups, who also are more
likely than the general population to suffer from both an accumulation of negative exposures over
the life course as well as a concentration of multiple risk factors because of shared ‘fundamental
causes’ associated with their social positions[197]. Without this kind of work, existing interventions
are at risk of failing to address the needs of these subgroups, potentially exacerbating the negative
health and social sequalae associated with infection.
Finally, the conceptual challenges of adopting prediction rules for sexual health contexts in
comparison to chronic disease contexts must be acknowledged. As acknowledged in Chapter 3,
prediction rules are new in sexual health context, while these tools are well articulated in chronic
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disease contexts with an abundance of guidelines statements that effectively determine the
methodological standards that govern how they are developed and validated e.g., the STARD
statement [59]. There are also differences in terms of the clinical utility of the tools; they are used in
sexual health settings for selective screening and used for prognostic or diagnostic purposes in
chronic disease settings. Specifically, in converting the prediction rules in sexual health setting to
decision-making instruments, the aim is to maximize sensitivity of case finding and limit the number
of people unnecessarily tested. However, in chronic disease contexts, the aim is often is to rule out
or rule in a disease state. On a population level, the intervention in sexual health settings is a
decision to screen, while oftentimes the intervention in question chronic disease research is an
invasive or therapeutic one, e.g., using mammograms or prescribing statins in breast cancer risk
models and the Framingham risk score. In this situation, the choice of risk cutoff point is one that
balances the harms and benefits of the intervention. However, the only harm in sexual health
context is missed infections. Also, the variables that comprise sexual health risk estimation tools are
usually demographic and behavioural in nature, while those used for chronic disease decisionmaking are usually biological in nature with causal underpinnings and are usually more objectively
measured (e.g., blood pressure, cholesterol level). Altogether, these differences account for the
difficulty in achieving the high performance values in sexual health contexts that often found in
chronic disease contexts.
6.3

Practical implications of research findings
The findings of the empirical chapters are situated at the nexus of at least two potentially

competing sets of priorities in public health: one set of priorities focuses on maximising or
improving the health of the individual patient as compared with another set of priorities that are
focused on achieving the most cost-effective decision [69]. A tension emerges when policy makers
must make choices about the acceptability and feasibility of various approaches to STI testing, which
might range from highly efficient approaches from a cost perspective to very nuanced and patientcentred approaches from a clinical practice standpoint. The algorithm developed in this dissertation
may prove useful to public health programs that lack the resources for universal or age-based
chlamydia/gonorrhoea screening programs. The independent validation of the algorithm suggests
that it has potential to inform screening decisions, especially in low STI prevalence settings. For
example, to aid the scaling-up of GCO, BC’s internet-based STI testing program, the algorithm
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could be adapted into a self-selection tool for filtering GCO participants based on risk profile. Only
participants with sufficient risk score would be recommended to receive testing through GCO [198].
However, in this scenario, it would be important to demonstrate whether the risk score has
beneficial effects on GCO uptake and acceptability among participants.
It is also anticipated that the prediction rule could potentially facilitate decision-making in
traditional clinical encounters where clinicians could enter basic demographic and behavioural data
directly into the client’s computerised medical record during the consultation. The prediction rule
could be used to display an alert on the computer screen to prompt clinicians to offer specific STI
tests to those at increased risk of infection. In addition, the prediction rule could be used to inform
ongoing clinical recommendations related to selective screening of STI clients and standardise STI
testing at the clinics in BC, potentially enabling testing that is targeted to higher risk individuals,
thereby reducing the unnecessary testing of those without the infection and saving costs. However,
the use of the prediction rule depends on numerous contextual sources of evidence, including
clinical knowledge and experience as well as other features of the clinical practice landscape. For
example, to accommodate new epidemiological trends, such as Quinolone and Cephalosporin
resistance in gonorrhoea treatment, the cutoff point for an existing CPR for infection may need to
be lowered (which reduces the number of false negatives) to highlight the importance of sensitivity
(failure to provide the appropriate intervention is highly undesirable in such instances).
Even within contexts where universally screening approaches remain the norm, the
algorithm could be helpful in prioritising or triaging patients. For example, triage services are
becoming routine in publicly funded sexual health clinics [29,172]. These triage services require
patients to fill out risk assessment questionnaires in the waiting room prior to receiving services at
the sexual health clinics [29,172]. The risk estimation algorithm developed in the current dissertation
could be adapted into a decision-making tool that prioritises patients by risk scores. This may enable
clinicians to effectively determine whether triaging those with low risk scores to receive “express”
services (e.g., providing self-collected specimens) or referring others to more comprehensive
services (e.g., complete physical examinations) [199] . This process may help decrease wait times,
improve clinical workflow, and reduce unnecessary clinician face time.
The algorithm developed through the current dissertation also might be used to inform the
development of evidence-based risk assessment questions for use in internet-based settings or
mobile applications, other than GCO (e.g., a smart-phone ‘app’). For example, the risk assessment
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tool could be incorporated into other online websites (e.g., chat rooms; dating sites), where
individuals accessing those websites could also estimate their STI risk. The algorithm also could be
programmed with suggested sexual lifestyle modification messages specific to calculated risk
estimates. If programmed into an app, the algorithm also could provide a readily accessible screening
guideline reference for clinicians and patients – particularly if it was designed to encourage two-way
communication and shared decision-making during clinic visits. The risk scores developed from the
prediction rule also have important implications for risk communication and testing motivation
because they can increase risk perception by creating tailored risk messages to different groups.
6.4

Recommendations for future research directions
When considering adopting prediction rules for their settings, decision makers may want to

consider incorporating or updating features of existing rules instead of developing new prediction
rules in their own setting. Using appropriate statistical methods for adjusting for differences between
the derivation and validation populations that are well-articulated in chronic disease research (e.g.,
case mix differences, prevalence) may have potential applicability in sexual health contexts [200].
Those approaches are promising because they minimize the unnecessary derivation of new rules. If
the prediction rule derived in this dissertation performs inadequately or poorly in another population
(e.g., among a pilot sample of potential GCO clients), the prediction model can be adjusted or
updated using the data from the new setting to improve its performance in that population [200]. In
sexual health contexts, for example, the prevalence of disease can affect the generalisability of a CPR
from one setting to another (e.g., when a CPR developed in a high STI prevalence setting, such as
STI clinics, is validated in a low STI prevalence setting, such as general practice settings). The
predictive strength of the CPR in the general practice settings may be modest resulting from
systematically inflated predicted probabilities [200]. By adjusting only the intercept of the original
prediction rule, the predicted probability estimates for the new setting can be improved [200].
After successful validation in multiple settings, the next step is to assess how CPRs impact
current clinical and population-based sexual health practice after they are implemented [54]. At
present, only one implementation study of STI prediction rules has been conducted [198]. Future
impact analyses should be completed to evaluate the effects of the implementation of the CPRs on
numerous implementation and scale-up concerns, including the effects on overall client volume,
number of tests ordered, costs, trends in STI prevalence, wait times, and number of clients turned
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away. Before-after comparisons, experimental and well-designed observational study designs could
yield this important information [29]. Furthermore, detailed understandings of the implementation
context of proposed CPRs (e.g., health human resources; ‘fit’ with current clinical practice; patient
factors) and clear examination of features of clinical realities that might pose potential barriers (e.g.,
current workflow; availability of electronic health records) are necessary before these innovations are
recommended in clinical practice. For example, future research could examine: (1) clinicians’
understanding and willingness to use CPRs; and (2) patients’ trust, preference, participation, and
acceptance in adopting CPRs [29,198].
6.5

Final conclusions
A new era in evidence-based decision-making regarding STI testing and progress in relation

to the adoption of prediction rules may be at hand. The advent of online approaches to risk
estimation, the emergence of new statistical methods, as well as increasingly sophisticated theory –
all reflect the potential to continue to make advanced in improving testing and treatment of STIs.
To date, however, few prediction rules have been validated and, hence, the dissemination and usage
of prediction rules in STI service provision remains in the nascent stages. The well-performing
prediction rule derived and broadly validated in this dissertation provides evidence that risk
estimation tools have a place in sexual health service provision and public health. New investments
in research are required to facilitate the effective integration of prediction rules into routine sexual
health service provision and more attention should be paid to their scaling up and to the scientific
evaluation of their effects over time.
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Appendices

Appendix A : Map showing the distribution of chlamydia and/gonorrhoea rates by Health
Service Delivery Area (HSDA), 2012

115

Appendix B : Map showing the geographical distribution of STI clinics used to derive and
validate the prediction rule

116

