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Abstract

Background—HIV preexposure prophylaxis (PrEP) remains underutilized despite its efficacy 

and potential population impact. Achieving PrEP’s full potential depends upon providers who are 

knowledgeable and comfortable prescribing it to individuals at risk of acquiring HIV. Previous 

educational interventions targeting provider-related uptake barriers have had limited success. We 

designed and tested an electronic medical record (EMR) interpretative comment to improve the 

delivery of PrEP.

Methods—An EMR comment provided information on PrEP eligibility and referral resources to 

providers delivering positive chlamydia and gonorrhea results. Positive tests for bacterial sexually 

transmitted infections pre-intervention (01/01/19 – 08/23/19) and post-intervention (08/24/19 – 

12/31/19) were identified. A retrospective chart review was conducted to ascertain provider 

documentation of PrEP discussions or provision, HIV prevention discussions, and HIV screening. 

Pretest-posttest analysis was performed to compare the provision of PrEP and HIV prevention 

services.
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Results—We reviewed 856 pre-intervention encounters spanning eight months and 461 post-

encounters spanning four months. Patient demographics were comparable. We observed an 

increase in provider documentation of safe sex and condom counseling (respectively, OR 1.2, 95% 

CI 1.07–1.18: OR 1.11, 95% CI 1.05–1.17), and the absence of any HIV prevention discussion 

decreased (OR 0.85, 95% CI 0.80–0.90), but not HIV screening or PrEP documentation.

Conclusions—We demonstrated that an EMR lab comment had a modest effect on increasing 

risk reduction counseling, though not HIV screening or PrEP prescriptions. Future strategies to 

encourage provider delivery of sexual health services may benefit from more targeted strategies 

that combine behavioral and IT approaches.

Summary:

An interpretative lab comment added to positive STI results in the EMR may have increased HIV 

prevention discussions, though not HIV screening or provision of or referral to PrEP.
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Introduction

Despite advances in HIV prevention, including treatment as prevention and the expansion of 

primary prevention services, HIV remains a persistent public health challenge. In the United 

States (US), approximately 34,800 new HIV infections occur annually, decreasing by less 

than 10% since 2015.1 Furthermore, progress has not been uniform, exposing inequalities 

between subgroups and regions with men who have sex with men (MSM) accounting for 

66% of new HIV diagnoses by transmission risk category.1 African American and Hispanic 

individuals, representing a minority of the US population, constituted 41% and 29% of new 

HIV diagnoses.1 Additionally, the HIV burden falls heaviest in urban environments, like 

New York City (NYC).1 Without a cure, primary and secondary prevention remain the only 

viable pathways toward eradication.

Daily oral pre-exposure prophylaxis (PrEP) effectively reduces acquisition of HIV by 

99% when taken consistently.2 When taken consistently, oral combination of emtricitabine-

tenofovir reduces the risk of transmission by up to 99%.3 Current CDC guidelines 

recommend a PrEP discussion as part of comprehensive HIV prevention for all sexually 

active patients and prioritize facilitating PrEP access for patients at risk of HIV acquisition.4 

However, despite its efficacy and prioritization, PrEP continues to be vastly underutilized, 

particularly among people of color. According to the CDC, only 18.1% of Americans with 

indications for PrEP receive it.4

Furthermore, less than 6% of African American and 10% of Hispanic individuals with HIV 

risk factors are prescribed PrEP, revealing disparities in coverage that mirror higher rates 

of new HIV infections among these communities.4 This slow uptake of PrEP represents 

missed opportunities for HIV prevention. A retrospective study conducted by our group at a 

large academic medical center in NYC found that from 2015 to 2017, nearly half (42%) of 

patients newly diagnosed with HIV had at least one missed opportunity for PrEP and that 
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PrEP was rarely discussed (4.7%) with patients testing positive for a sexually transmitted 

infections (STI).5,6

To improve PrEP provision at our institution, trainees in Internal Medicine, Pediatrics, 

Emergency Medicine, and Obstetrics and Gynecology (OB/GYN) were queried to 

understand potential provider-related uptake barriers and enable focused implementation 

efforts. While most trainees recognized the importance of HIV testing and linkage to 

prevention services, few felt comfortable prescribing PrEP or knew where to refer a 

patient.7 Lack of formal PrEP training, belief that PrEP was outside their scope of practice, 

inadequate knowledge of referral networks, higher perceived patient care priority issues, 

and time constraints were cited as top barriers to the provision of PrEP across groups.7 

This is consistent with previous studies that found numerous barriers to PrEP delivery 

among providers, including lack of PrEP awareness and knowledge, negative attitudes 

towards PrEP, concerns about efficacy, safety, risk compensation, patient adherence, and 

time commitment.8 While, in our experience, educational efforts have modestly increased 

PrEP knowledge and referral to PrEP services, these tactics are likely to be more sustainable 

and have greater efficacy when paired with healthcare system changes.

We designed an intervention to improve the delivery of comprehensive HIV prevention 

services, including PrEP, at a large urban medical center. Behavioral science suggests 

that small contextual cues may “nudge” individuals towards the desired behavior.9,10 One 

example of this tactic is clinical decision support (CDS) tools, such as alerts and messages 

to providers, which can be embedded within an electronic medical record (EMR). These 

have been shown to promote behavior change and reduce medical errors.11,12 Interpretive 

lab comments have also been shown to change antibiotic prescribing behavior.13 We created 

an EMR lab comment attached to positive bacterial sexually transmitted infection (STI) 

results to alert providers to potential PrEP eligibility and referral services. These test results 

were selected for this intervention because STIs are a reliable marker of HIV risk and can 

be easily identified through EMR review. 14–17 We hypothesized that reminding providers 

about patients’ PrEP eligibility and lowering the barriers to PrEP delivery through resource 

sharing would increase the provision of PrEP and other HIV prevention services.

Methods

Study Population

This study was performed at Columbia University Irving Medical Center (CUIMC), a large 

urban academic medical center consisting of an academic medical center hospital campus 

in Northern Manhattan, an affiliated community hospital, and multiple ambulatory care 

sites throughout New York City. The medical center serves a diverse community, in which 

72% self-identify as Latino, 47% were born outside the US, and 37% have limited English 

proficiency.18 Twenty-nine percent of residents have not completed high school, 12% are 

unemployed, and 20% live below the federal poverty line.18 Despite the proximity to a major 

medical center, 14% of adults lack health insurance, and 17% report going without needed 

medical care in the past year.18 The local HIV burden exceeds that of NYC, with 31.1 new 

HIV diagnoses per 100,000 people.18
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Intervention

An EMR alert, constructed as an interpretive lab comment, accompanying positive 

gonorrhea (GC) and chlamydia (CT) test results. All GC/CT testing was performed on 

the Hologic Aptima Combo 2 assay, a nucleic acid amplification test (NAAT), and included 

both genitourinary and extra-genital sites. The EMR alert was designed to inform providers 

of patients’ potential PrEP eligibility and provide further resource assistance for PrEP 

prescription or referral. The comment includes a hotline number, email address, and a 

website URL for the HIV Prevention Program (Figure 1). The comment appears one line 

below positive test results for permanent reference and went live institution-wide on August 

24, 2019. Screening for syphilis, another bacterial STI closely related to increased HIV 

acquisition, was chosen to serve as a control, and the comment was not included in positive 

RPR results. Syphilis screening was done using the traditional algorithm that starts with a 

rapid plasma reagin result (RPR).

Data Collection

An electronic sexual health dashboard was used to identify encounters for all patients 18 

years or older with positive gonorrhea, chlamydia, and/or RPR test during the 2019 calendar 

year. A single patient encounter, for review, was defined as the date of patient presentation 

for STI testing as well as any visits involving the relaying of test results or treatment. 

Patients could be included more than once if they had multiple independent encounters 

during the study period. However, to focus on new STI diagnosis, we excluded repeat 

encounters, defined as patients testing positive for the same organism at the same site of 

infection within 14 days of the initial encounter. We excluded patients living with HIV and 

patients already taking PrEP. We also excluded participants in HIV prevention research and 

patients treated by an Infectious Disease or sexual health providers in our comprehensive 

health program (CHP). CHP patients were excluded as our mature HIV prevention program 

has a team of prevention navigators and extremely high rates of PrEP discussions. Patients 

whose RPR titers were not consistent with new or current infection based on the treating 

physician’s documentation and those with positive RPR titers exclusively sent as part of 

a dementia workup were also excluded. Finally, positive results for which there was no 

clinical data available in the EMR or positive RPR after a workplace needlestick exposure 

were omitted (Figure 2).

Encounters were divided into two distinct time intervals: January 1, 2019, to August 23, 

2019 (pre-intervention) and August 24, 2019, to December 31, 2019 (post-intervention). A 

retrospective chart review was conducted for each eligible encounter to determine patient 

demographics and EMR documentation of PrEP prescription, HIV prevention discussion 

topics, and HIV screening. Two different data abstractors performed chart reviews (one 

pre-intervention one-post intervention) using a standardized chart abstraction form in 

REDCap.19 Abstractors were trained and supervised by a single senior team member to 

ensure consistency and who, as a quality check, reviewed at least 10% of all charts for 

consistency. All chart reviews were conducted from the electronic medical record; reviews 

included the entirety of the medical chart, but abstractors were instructed to focus on 

physician and nursing notes and orders first.
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Definition of Outcomes

Our primary outcome was provider documentation of PrEP, including the writing or offer of 

a PrEP prescription, the placement of a PrEP referral, or documentation of PrEP education 

during a patient encounter in any other documentation associated with that visit. Secondary 

outcomes included documentation of additional HIV prevention services, further classified 

into HIV prevention discussions (primary prevention) and HIV screening (secondary 

prevention). HIV prevention discussions as a category included safe sex, condoms, or PrEP. 

Safe sex was defined as any form of STI prevention education, while condoms included 

recommending or providing condoms and other forms of barrier protection. PrEP included 

any mention of PrEP, pre-exposure prophylaxis, or medications that prevent HIV. It is 

important to note that sexual health education is moving away from ambiguous, imprecise, 

and stigmatizing language such as “unsafe” sex, “risky” sex, and others.20 However, the 

institutional EMR at this time still had templates that included “safe sex” and many 

providers used the term; therefore, we chose to include it in our data analysis. In the 

future, we hope that patient-centered educational interventions will change the way sexual 

behaviors are conceptualized and documented and lead to the application and use of more 

neutral and non-stigmatizing language.

Additionally, encounters that did not address PrEP, safe sex, or condoms, were recorded as 

“no HIV prevention discussion documented.” HIV screening was assessed as the date of 

the last HIV test before or within one week following a positive STI encounter. Inadequate 

HIV screening was defined as never having been screened or having been screened greater 

than 12 months before the positive STI test, based on current CDC guidelines for persons at 

elevated risk of HIV infection.21

Statistical Analysis

Provision of PrEP and other HIV prevention services were compared pre-and post-

intervention using odds ratios with a 95% confidence interval calculation. As a secondary 

analysis, we divided both the pre-and post-intervention groups into encounters with a 

positive test result associated with an alert (gonorrhea or chlamydia) and encounters with 

a positive test result not associated with an alert (control group, RPR for syphilis). SAS 

University Edition (SAS Institute Inc. 2015. SAS/IML® 14.1) and R version 4.1.2 were used 

for data cleaning and statistical analyses.

Results

In the pre-intervention period, 1384 encounters were identified, and 856 encounters (815 

unique patients) were included. 710 encounters were identified in the post-intervention 

period, and 461 encounters (450 unique patients) were included (Figure 2).

Patient demographics in the two study intervals were similar, although notable there were 

more MSM (11% vs. 4%) in the pre-intervention arm. In both, patients had a median age 

of 24 or 25 and were predominately female. Data on race and ethnicity were incomplete; 

however, of those reporting, the majority were Hispanic, and nearly one-fourth were African 

American. Among encounters with available data on sexual orientation (84% pre and 93% 
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post), most patients identified as heterosexual (88% pre vs. 92% post), followed by MSM 

(11% vs. 4%). (Table 1).Patients presented for STI testing at 57 (pre) and 41 (post) unique 

locations. The most popular location was the Emergency Department (pre 27.2% vs. post 

30.1%), followed by family planning clinics (26.4% vs. 25.5%), an ambulatory clinic for 

at-risk young men (14.5% vs. 10.9%), and OB/GYN clinics (10.3% vs. 10.5%)

No change in PrEP documentation was observed when comparing GC/CT (with lab 

comment) positive encounters (6.6% pre vs. 6.8% post, OR 1.01, CI 0.91–1.12) to RPR 

(no lab comment) positive encounters (20% pre vs. 7.5% post, OR 0.77, 95% CI 0.56–

1.06). (Figure 3, Table 2) In a sensitivity analysis these results were effectively unchanged 

when removing the 14 patients with concurrent positive GC/CT and RPR encounters and 

examining patients with only a positive GC/CT or RPR. (Not shown).

Regarding the HIV prevention discussion outcomes, amongst those with a positive GC/CT 

test provider documentation of safe sex counseling increased from 45% pre- to 58% post-

intervention (OR 1.12, 95% CI 1.07–1.18). Likewise, condoms and other barrier protection 

recommendations or provision increased from 50% to 62% (OR 1.11, 95% CI 1.05–1.17). 

Absence of any HIV prevention discussion decreased from 43% to 26% (OR 0.85, 95% 

CI 0.80–0.90). No change in HIV prevention outcomes was noted among the RPR positive 

encounters group. (Figure 3, Table 2).

Overall, 63.6% of pre-intervention patients encounters had an HIV test compared to 63.8% 

in the post-intervention period. There was no statistically significant change in the rate of 

inadequate HIV screening pre- to post-intervention in either the GC/CT or RPR groups 

(Figure 3, Table 2).

Discussion

Interventions similar to ours, with interpretive lab comments, have been demonstrated to 

reduce inappropriate antibiotic prescribing.22 However other electronic CDS tools, such as 

best practice alerts, have previously demonstrated mixed results. CDS tools have been shown 

to improve compliance with screening guidelines by increasing testing rates for hepatitis 

B and C and decreasing inappropriate testing for Clostridium difficile.23–25 However, CDS 

tools have been less effective in reducing inappropriate antibiotic use in several cases.26,27 

Given that STI testing is a potent biomarker for HIV risk, we hypothesized that including 

information about PrEP in the laboratory comment with positive STI results would increase 

PrEP offers and referrals.

In this retrospective evaluation of an EMR lab comment in patients with a positive bacterial 

STI result, the inclusion of PrEP information in the lab results did not change the provision 

of PrEP services. This finding was surprising given the comment’s direct reference to PrEP 

over the other HIV prevention discussion outcomes. One possible explanation is the use 

of templates for streamlined documentation in healthcare settings. Many providers note 

templates include checkboxes for discussion of safe sex and/or condoms but not PrEP. Given 

this bias in documentation, PrEP education, prescriptions, and referrals may have increased 

in practice but may not have been adequately captured by our study. Future efforts to 
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enhance PrEP uptake among providers should consider adding PrEP as a standard option to 

relevant note templates, further encouraging providers to employ this prevention strategy.

Another explanation for these findings is that providers did not see or recognize this 

comment as relevant. This intervention utilized a lab comment and not a “pop-up” that 

required recognition. Because of that, it is possible that physicians may not have recognized 

this as an alert or may not have recognized it as being specific to their patients. While future 

iterations of this intervention could utilize a “best practice alert,” many of these alerts are 

still dismissed by physicians. Some reasons that alerts are disregarded in clinical practice 

are alert fatigue, alerts that are long and challenging to interpret, and alerts without clear 

clinical consequences.28 While we cannot address alert fatigue in this study, the alert used 

in this intervention was long, five lines, and the clinical consequences of HIV prevention 

may be harder to conceptualize. Trying a different clinical decision support configuration 

and finding ways to shorten the information and provide additional saliency may improve 

uptake of PrEP associated with this type of intervention.

A more extensive potential explanation for our finding is that providers saw the comment 

associated with their patient’s positive STI result and were still limited by workflow 

constraints and the need to address higher priority issues. In the previously referenced 

survey of residents at our institution, a lack of formal training remained the number one 

barrier to the provision of pre-exposure prophylaxis.7 While condoms and some other STI 

prevention strategies are commonly known among the general population, PrEP is a novel 

concept for many and therefore a more complicated, time-intensive topic to introduce. Given 

that approximately two-thirds of individuals in this study were women, it is also possible 

that providers incorrectly perceived them as lower risk for HIV and hence did not prescribe 

PrEP even with prompting. Anecdotally there may also have been hesitancy to discuss PrEP 

with pregnant women, although pregnancy data was not captured in this study.

Following our intervention, we appreciated an increase in provider documentation of safe 

sex counseling (OR 1.58 CI 1.26 – 1.98) and condoms (OR 1.48, CI 1.18–1.86). Similarly, 

the absence of any kind of HIV prevention discussion between providers and patients 

significantly decreased, indicating an increase in the number of patients receiving some HIV 

prevention counseling. In our subgroup analysis, we found that these changes were driven 

by GC/CT positive patient encounters (i.e., those with an attached alert), with no statistically 

significant contribution from the RPR positive only group.

Similar to the provision of PrEP services, no change in HIV testing was observed, 

with similar rates of inadequate HIV screening in the pre-and post-intervention periods. 

One likely reason for this is timing. In contrast to previous studies that examined the 

effectiveness of electronic provider alerts on same-day HIV testing, our alert accompanied 

STI test results that returned several days after the patient encounter.29 HIV testing in this 

scenario requires an additional visit. Similarly, referral-based models result in higher rates of 

PrEP-eligible individuals lost to follow-up than same-day start approaches.13,30 Phone calls 

to relay positive STI results also encourage engagement in HIV prevention discussions but 

do not allow for HIV testing without an in-person visit.31,32
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The ED was the most frequent location for an STI diagnosis but the competing priorities 

of ED staff often do not allow time for counseling and/or documentation.7,33 Provider 

interventions are most successful when they are timely and, in this case, recommendations 

were not provided until after a patient had left the ED and results returned. Point of care 

(POC) STI testing, with results and immediate recommendations, may allow for improved 

provider-patient discussions. However, even with POC testing the challenge remains that 

providing PrEP counseling is time consuming and interventions using less time intensive 

tasks, like HIV testing, have shown greater success in the ED.34 Finally, at our institution 

follow-ups are frequently done by separate staff that are unlikely to have any relationship to 

the patient and may be uncomfortable offering them sexual health services during their first 

conversation. The ED may require specifically designed interventions and dedicated sexual 

health counselors if we hope to improve the provision of HIV prevention services in the ED.

This study has a few notable limitations. First, our pre-intervention period ran twice as long 

as our post-intervention period. Despite this, the two study groups were demographically 

similar and proportionately distributed between testing sites, reflecting similar sampling 

from the same population. Additionally, primary data collection in the two study periods was 

performed by two different researchers. However, outcomes were discussed and agreed upon 

before chart review, and discrepancies were reviewed by a senior team member supervising 

both studies. Reporting bias is also possible as providers may have discussed with patients 

but failed to document PrEP and other comprehensive HIV prevention services in their 

notes. Conversely, it is possible that this intervention improved documentation of counseling 

that was already being provided without impacting the amount of counseling being 

performed. Furthermore, we used patient encounters with only a positive RPR as a control 

group. They represent encounters with a positive bacterial STI coming from the same 

population over the same study period but without an EMR alert. While CHP patients were 

excluded due to our mature HIV prevention program, this may limit the generalizability of 

this study to infectious diseases and sexual health clinic settings. However, it is also possible 

that this intervention may be more effective in settings where people are comfortable 

counseling for and providing HIV prevention services. Additionally, we did not control 

at the provider level, and it’s possible that providers could be exposed to both a positive 

GC/CT or RPR from different patients. Controlling at the provider, and ideally the clinic, 

level and using a control group in which positive GC/CT patient encounters did not receive 

an alert over the same period would further control for this. Finally, this study only captured 

HIV testing that occurred within the CUIMC system. Patients who received recent HIV 

testing elsewhere may have opted out of testing offered by CUIMC providers.

While previous efforts to improve the delivery of PrEP at our institution have focused 

on provider education to increase confidence in prescribing PrEP, we aimed to influence 

provider decision-making through a lab comment. We demonstrated that using a lab 

comment had a modest effect on increasing some HIV prevention services, though not HIV 

screening or PrEP. Future strategies to further encourage providers towards positive behavior 

change in the form of PrEP provision may benefit from different clinical decision support 

configurations and more targeted, resource-intensive behavioral tactics. These include direct 

provider performance feedback, education on HIV risk for women, especially women of 

color, and the highlighting of peer or institution-wide norms.

Spicehandler et al. Page 8

Sex Transm Dis. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Interpretative Lab Comment Alert –
This is the lab comment that appeared in the EMR below positive gonorrhea and chlamydia 

tests during the post-intervention period.
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Figure 2. Study Population Prior to and Following Intervention -
Inclusion and exclusion criteria utilized in this study, 856 pre-intervention and 461 post-

intervention encounters were identified to be included in the analysis.
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Figure 3. Comparison of Outcomes Prior to and Following the Intervention: Discussion and 
Provision of Primary and Secondary HIV Prevention -
Figure 3 represents the results of the primary analysis, comparing HIV primary and 

secondary prevention pre- and post-intervention. Percentages represent the percentage of 

encounters that included discussion or provision of each prevention method. Inadequate HIV 

screening was defined as never having been screened or having been screened greater than 

12 months before the positive STI test.

Spicehandler et al. Page 13

Sex Transm Dis. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Spicehandler et al. Page 14

Table 1:

Baseline characteristics of study participants

Pre-intervention (N=856) Post-intervention (N=461) P value**

Age, median (range) 24 (IQR 21–29) 25 (IQR 21 – 30) 0.6

Sex 0.13

 Female 551 (64) 316 (69)

 Male 305 (36) 145 (31)

Ethnicity 0.5

 Hispanic 385 (83) 241 (81)

 Non-Hispanic 78 (17) 55 (19)

 Unknown 392 165

Race

 White 131 (36) 68 (23) <.001

 Black/African  American 88 (24) 71 (24)

 Other 145 (40) 154 (53)

 Unknown 491 168

Sexual Preference <.001

 Heterosexual 631 (88) 393 (92)

 Men who have sex with men 78 (11) 19 (4)

 Women who have sex with women 0 (0) 0 (0)

 Bisexual 8 (1) 17 (4)

 Unknown 138 32

*
Presented as n(%) of known unless otherwise specified.

**
Pearson’s Chi-squared test; Wilcoxon rank sum test
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Table 2:

HIV prevention outcomes

Pre-intervention (%,n) Post-intervention (%, n) OR (95% CI)

Chlamydia or Gonorrhea Diagnosis

HIV prevention discussions N = 822 N = 427

 PrEP 6.6% (54) 6.8% (29) 1.01 (0.91 – 1.12)

 Safe sex 45% (372) 58% (248) 1.12 (1.07 – 1.18)

 Condoms 50% (415) 62% (263) 1.11 (1.05 – 1.17)

 None 43% (351) 26% (110) 0.85 (0.80 – 0.90)

Inadequate HIV screening 22% (184) 24% (104) 1.03 (0.96 – 1.09)

Syphilis Diagnosis

HIV prevention discussions N = 41 N = 40

 PrEP 20% (8) 7.5% (2) 0.77 (0.56 – 1.06)

 Safe sex 34% (14) 32% (13) 0.98 (0.78 – 1.24)

 Condoms 39% (16) 32% (13) 0.93 (0.74 – 1.17)

 None 54% (22) 60% (24) 1.07 (0.85 – 1.33)

Inadequate HIV screening 12% (5) 20% (8) 1.16 (0.86 – 1.56)

*
14 Patients had both a positive GC/CT and RPR at the same visit

Sex Transm Dis. Author manuscript; available in PMC 2023 October 01.


	Abstract
	Summary:
	Introduction
	Methods
	Study Population
	Intervention
	Data Collection
	Definition of Outcomes
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1:
	Table 2:

