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Introduction

The prevalence of erectile dysfunction (ED) among men in the US ranges from 10-18% but
rates are as high as 50% in men with HIV. [1-5] The most commonly prescribed
medications used to treat ED are phosphodiesterase-5 enzyme inhibitors (PDE-I): sildenafil,
tadalafil, and vardenafil. Sildenafil (viagra) has been available on the market since 1998 and
a generic version is now available at reduced cost. More than 12 million prescriptions for
sildenafil and tadalafil were filled in the US in 2016. [6] Limited data suggests that erectile
dysfunction medication (EDM) use is correlated with risky sexual behavior, particularly
among men-who-have-sex-with-men (MSM), although few studies focus on men living with
HIV. [7-13] In general, US providers fail to ask patients routinely about sexual behaviors or
screen for sexually transmitted infection (STI) in clinic; this extends to men prescribed
EDM. [14-16] HIV/STI coinfection is particularly important among men with HIV since the
probability of HIV transmission to a sexual partner increases by 2—4 fold in the presence of
STI coinfection. [17] Within the US, the southern states account for 44% of all people living
with an HIV diagnosis. Among new HIV diagnoses, 54% occur among black Americans,
59% occur among black MSM. [18] The prevalence of gonorrhea and chlamydia are also
highest in the southern region of the US; within Alabama, incidence rose to 246 per 100,000
for gonorrhea and 616 per 100,000 for chlamydia. [19, 20]

Since bacterial ST rates are currently at peak levels in the US (particularly among MSM)
and EDM is a commonly prescribed medication, it is critical to understand any association
between EDM and sexual risk behaviors and infection outcomes. [21-23] We conducted a
retrospective cohort study of HIV-infected men in care to assess whether or not prescription
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of EDM was followed by a change in bacterial STI testing rates, infection rates and/or
sexual behavior patterns.

Materials and Methods

Study Population

Study participants were adult men (age =18) who were engaged in care at the 1917 HIV
clinic at the University of Alabama at Birmingham (UAB) during 2008-2016(Fig 1). The
1917 clinic is the largest HIV clinic in Alabama with approximately 3800 active patients.
Care engagement was defined by the Health Resources and Services Administration and
HIV/AIDS Bureau (HRSA-HAB) criterion: at least two provider visits separated by 90 days
during the 12-month period before and after EDM prescription. Participants were eligible for
this retrospective cohort study if they had documentation of a new prescription for
medication to treat ED (sildenafil, tadalafil, and/or vardenafil) from a clinic provider
between August 2008 and June 2016 and documentation of sexual preference. Patients were
excluded if they were receiving PDE-I for indications other than erectile dysfunction.

Study Database

Data extracted from electronic medical records included demographic characteristics (age,
race, and insurance status), medical comorbidities, laboratory data and patient-reported
outcomes (PRO). PRO data is self-reported information about sexual preferences, practices
and substance use/alcohol use in the past three to six months. This data is collected using
touch-screen computer surveys performed in clinic every six months. The PRO
questionnaire offers standardized, validated instruments; the alcohol use disorders
identification test (AUDIT), the AUDIT alcohol consumption questions (AUDIT-C), the
HIV risk assessment for positives (HRAP), and the alcohol, smoking and substance
involvement screening test (ASSIST). [24-27] CD4 and HIV viral load count were included
within 6 months of the date of EDM prescription.

Study Outcomes

The main study outcomes were bacterial STI (CT, GC, and incident syphilis) testing and
infection rates and sexual behavior was assessed before and after EDM prescription in clinic.
STI data was collected during 12-month periods before and after EDM prescription. ST
testing was defined as any test performed in clinic for CT, GC or syphilis and results are
presented separately for each infection. Symptom information was not captured. CT and GC
were diagnosed by PCR with nucleic acid amplification testing (NAAT) at the UAB STI
Diagnostic Laboratory (Aptima Hologic, San Diego, CA). CT/GC antigen tests were
available but rarely performed. Samples were collected from urogenital (urine) and
extragenital (rectal and oropharyngeal) sites. Routine syphilis testing with the traditional
testing algorithm (RPR screen and TPPA confirmation) was used between 2008 and
February 2015. The reverse algorithm (treponemal 1gG enzyme immunoassay (EIA) screen
and RPR follow up testing) was used between March 2015 and December 2016. Incident
syphilis was classified based on medical record review and the standard CDC case-definition
(new positive RPR with treponemal confirmatory testing or a 4-fold increase in RPR titer
with positive treponemal testing with clinically compatible syndromes, when present). [28]
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For the measurement of STI screening and STI detection, only the first test (performed or
positive) during the 12-month period for each individual STI was used. Repeated positive or
persistently positive tests for the same pathogen during the 12-month period were not
included.

PRO questionnaires have been offered since 2008: thus, the study period for sexual behavior
data was restricted to 2009-2015 in order to allow for data collection 12 months before and
after EDM prescription. Risky sexual behaviors were defined as: unprotected sex without a
condom, more than one partner in the past six months and sex after illicit drugs/alcohol. [29]

Statistical Analysis

For descriptive data, continuous variables were reported as mean (standard deviation, SD)
and median (with first and third quartiles) and categorical variables were reported as
frequencies and percentages. Paired data analysis was used to compare the outcomes during
the 12-month period before and after EDM prescription. Conditional odds ratios (ORs) and
95% confidence intervals (Cls) were calculated using conditional logistic regression. In
addition to the overall comparison, stratification by sexual preference was performed (MSM
and men-who-have-sex-with-women [MSW)]).

Missing data was encountered, particularly for PROs. In order to account for this and to
explore the robustness of the results, a sensitivity analysis was conducted using a
generalized mixed model approach with poisson distribution for the number of partners and
logit distribution (dichotomized outcome) for sexual activity, unprotected sex and sex after
drugs/alcohol.

Statistical significance was set at 0.05 (two-tailed) and the analysis was conducted using
SAS statistical software, version 9.4 (Cary, NC).

Ethics Approval

Results

The study was approved by the University of Alabama at Birmingham Institutional Review
Board with a waiver of informed consent.

Patient characteristics

Of 2924 HIV-infected men in care, 603 (20.1 %) had newly prescribed EDM during the
study period (Figure 1). Fourteen men were excluded: 11 were missing self-reported sexual
preference and three were prescribed PDE-1 medication for pulmonary hypertension. The
final study population was comprised of 589 participants (69.3% MSM, and 30.7% MSW).

Demographic, clinical and behavioral characteristics of participants are shown in Table 1.
Mean age was 47.6 years and MSM were younger than MSW, on average. In terms of race,
black and white men were equally represented, although a higher proportion of MSW
(81.2%) were black. HIV viral load was undetectable (<200 copies/mL) in 79.8% of
participants but approximately 10% had AIDS (with CD4 count <200 cells/mm“3) during
the study period. The mean CD4 count was 520 cells/mm3. Problem alcohol use was more
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common in MSM than MSW (17% vs 13.8%) and substance use was approximately 7.5% in
both groups. Historical STI was more common among MSM compared to MSW (32.3% vs
12.1%) and prior syphilis was the most common STI reported by both groups (26.7% in
MSM vs 7.7% in MSW).

Despite engagement in HIV care, CT/GC screening rates were low. Nearly half of
participants (47.7% for CT and 47.4% for GC) were not tested in the year before nor after
EDM and only one in five men (18.2% for CT and 17.8% for GC) were tested in both time
periods (Figures 2a and 2b). The odds of being screened for chlamydia after EDM
prescription were lower when compared to the prior period (O0R=0.76; 95% CI: 0.58 — 1.01;
p=0.06) (Figure 2a). The odds for testing were similar for gonorrhea (O0R=0.77; 95% CI:
0.58 — 1.01; p=0.06) (Figure 2b). Testing for syphilis was much more frequent: 59.4% were
tested in both periods and only 2.6% were not tested in either period (Figure 2c¢). The odds
of being tested for syphilis after EDM prescription were significantly lower than the period
before EDM prescription (OR = 0.28; 95% ClI: 0.20 — 0.38; p <0.001) (Figure 2c). When
STI testing rates were stratified by sexual preference, MSM had lower odds of testing
compared to MSW (Figure 3).

STI Positivity

Forty-three STIs (25 incident syphilis infections, 10 chlamydia infections and 8 gonorrhea
infections) were detected during the 2-year period before and after EDM prescription; 42/43
occurred in MSM (Table 2) and one infection (GC) occurred in MSW. There were no
statistically significant differences in STI positivity before and after EDM. However, the
odds of GC infection (OR=6.00; 95% CI: 0.72 — 49.84; p=0.10) and incident syphilis
infection (OR=1.27; 95% CI: 0.58 — 2.80; p=0.55) were higher after EDM while the odds of
CT infection were lower after EDM (OR=0.25; 95% CI: 0.05 — 1.18; p=0.08) (Table 2).

Sexual Behaviors

Only 234/589 (39.7%) participants had PRO data from pre and post EDM time periods for
inclusion in the analysis of sexual behavior variable. Patients with no sexual behavior data
(n=119), data before EDM only (N=54) or after EDM only (N=85) were excluded and a
sensitivity analysis was performed comparing both groups.

Among 234 participants, 180 (77%) were sexually active before and after EDM. The
proportion of men who were sexually active before versus after EDM was similar (87.6% vs
82.9%; p=0.08) (Table 3). The median number of sexual partners in the past 6 months
decreased from 2 to 1 among MSM after EDM when compared to prior (p=0.19) and was
stable at 1 among MSW (Table 3). Data on condom use was available for 122/180 (68%)
sexually active patients. Consistent condom use was rare: only 6.6% of men reported
consistent condom use before and after EDM (Table 3). Sex after drugs/alcohol was
common before and after EDM prescription in MSM (41.1% vs 40.2%; p=0.84) and MSW
(41.7% vs 30.6%; p=0.18).
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The sensitivity analysis for missing data was based on 373 patients with behavioral data
before or after EDM (MSM=270, MSW=103). Findings were similar to the main cohort in
terms of partner number, unprotected sex and sex after drugs/alcohol and persisted with
stratification by sexual preference (Suppl. Tables 1B and 1C). This relationship remained the
same when patients with missing data were included in the mixed model analysis.

Discussion

Among the 2,924 men engaged in HIV care at the 1917 clinic, 1 in 5 received a new
prescription for ED medication between 2008-2016. Despite CDC recommendations to
screen all sexually active adults with HIV for STI, there was relatively low testing for
chlamydia or gonorrhea after EDM prescription. [30] In contrast, syphilis testing rates were
consistently high. ED medication did not have a significant impact on STI rates nor was it
associated with an increase in risky sexual behaviors. This ran counter to our study
hypothesis and similar studies in high-risk populations. [7, 11, 13, 31, 32]

In terms of STI screening rates, scant literature exists on the impact of EDM prescription on
STI screening practices. One VA-based study documented minimal STI testing in the period
after EDM prescription. [16] Chlamydia and gonorrhea screening rates were around 40% in
a large cohort of HIV-infected adults in the US in 2013 [33] Our study is aligned with these
findings which reflect inadequate ST1 screening rates in high risk groups despite access to
care. Syphilis screening rates in the current study were higher than CT/GC (60% before and
after EDM). This discrepancy is likely due to: 1) syphilis screening as a clinic performance
measure; 2) syphilis screening rates are tracked by the federal government as part of the
Ryan White Program; 3) the Deep South (and the US overall) has experienced a resurgence
of syphilis, particularly among MSM. This awareness and frequent diagnosis of active
syphilis by clinic providers leads to frequent screening for asymptomatic infection. Since the
historic low of syphilis cases within the US (2.1 cases per 100,000), syphilis incident cases
have increased dramatically through 2017 (9.5 per 100,000); the southern region has the
second highest rates of syphilis (9.7 per 100,000). Among men in 2017, syphilis incidence
rose to 16.9 cases per 100,000; MSM accounted for 57.9% of the 30,644 incident cases. [34]
National data shows similar syphilis screening rates in other HIV clinics with annual testing
rates documented at 69% among MSM and 61% among MSW. [33]

Nearly all STIs detected in this cohort occurred among MSM yet MSM had lower odds of
STI testing compared to heterosexual men. In the most recent CDC STD surveillance report,
MSM accounted for 18% of chlamydia cases (vs 15% for MSW) and 42% of gonorrhea
cases (vs 26% for MSW) across the STD Surveillance Network (SSuN), and 80% of primary
and secondary syphilis cases among men. [35] It was surprising that the likelihood of GC
was higher than the likelihood of CT post EDM. Screening was performed for both
infections simultaneously and the route of transmission is the same. Since gonorrhea
infection is more often symptomatic in men, it is possible that men with GC were more
likely to present for screening compared to men with CT. The high rate of incident syphilis
and prior syphilis infection among MSM in our population is relevant since uninfected male
partners who acquire syphilis have a significant short-term risk of HIV acquisition (3.6%
within first year). [36, 37]
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This study does not confirm findings from 2005 and 2016 showing that HIV-infected MSM
are more likely to engage in unprotected sex after EDM prescription. [11, 13] This deviation
from the literature may be due to a benefit of EDM prescription within a community care
clinic that focuses on HIV treatment and prevention. This study did not measure the use of
prescribed EDM in a “party” context. Research has shown that ED drugs are commonly
used in the party scene in conjunction with other recreational substances, particularly among
younger MSM. This mixture of EDM and recreation substances has been associated with
increases in risky sexual behavior. [32, 38—-40] Our study population is different since men
were middle-aged (median age 48), engaged in HIV care, and EDM medications were
prescribed by a provider. The PRO questionnaire is a well-validated method of collecting
private information on a frequent and longitudinal basis compared to other studies using
national sampling, anonymous questionnaires or telephone surveys. [9, 11, 32, 41, 42] Our
study population was also unique since it was performed in the Southeastern portion of the
US, which may have led to some of the differences noted. [9, 41-43] Data collection from
the 6 months before and after EDM prescription may have led to a difference in results
compared to other studies using a larger window or a longitudinal design. [7, 11] Other
EDM survey studies include dissimilar populations of men with HIV who are not engaged in
care or men without HIVV who may access care more sporadically and survey studies are
more limited in the ascertainment of STI outcomes. [9, 32, 41, 42, 44]

In terms of limitations, our results may not be generalized to younger men, men who obtain
EDM without a prescription or men without HIV infection. However, findings from this
single site study in the southeastern US are expected to apply to other southern US sites
where HIV and STI prevalence is high. This study did not include an assessment of ED
medication adherence or patterns of use and self-reported sexual preferences and behaviors
may have led to social desirability bias. Also, this study could not verify the pattern of
condom use or frequency of sex. The study sample size was limited by the paired study
design, which only uses discordant pairs in order to calculate the odds ratio. This limitation
led to wide confidence intervals and lack of statistical significance. Furthermore, the data for
STI positivity was restricted to only those who were tested in both the periods. Therefore, in
spite of a strong association between EDM prescription and CT and GC positivity (albeit in
opposite directions), it seems premature to make definitive statements about STI trends.
Although some PRO data was missing, the results were robust in the sensitivity analysis. An
important study strength is the sizable population of men engaged in HIV care with
pharmacy and laboratory records and risk behavior information collected at multiple points
in time.

In terms of study implications, innovative research is needed to reach universal STI
screening among men in HIV clinic in order to prevent STI transmission. This could include
automated screening for sexually active adults at HIV clinic visits or self-collected swabs for
STI testing that are performed by the patient at exposure sites before the provider enters the
room. Also, the context in which EDM (when, how often, why, and what setting) is used
may be invaluable in assessing the relationship between EDM and sexual health outcomes.
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Conclusions

EDM prescription did not lead to any detectable change in risk behavior in this setting.
Despite inadequate testing rates, bacterial STI was common among MSM, particularly
incident syphilis. The management of ED in HIV clinic provides an excellent opportunity to
discuss risk reduction, safer sex practices and the importance of routine STI screening to
prevent HIV/STI transmission.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Flow diagram of Study Participants
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Figure 2.
STI testing in Men with HIV before and after EDM prescription (N=589)
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STI testing in MSM and MSW with HIV Before and After EDM Prescription, N=589
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Table 1.

Total MSM MSw
Characteristic N=589 N=408 N=181
N (%) N (%) N (%)

Demographics
Age (years), mean (SD) 47.6 (9.5) | 46.3(9.5) | 50.6 (9.0)
Age (years)

18-29 20 (3.4) 19 (4.7) 1(0.6)

30-39 93(15.8) | 75(18.4) | 18(9.9)

40-49 218(37.0) | 152(37.2) | 66 (36.5)

=50 258 (43.8) | 162 (39.7) | 96 (53.0)
Race

Black 303 (51.4) | 156 (38.2) | 147 (81.2)

White 278 (47.2) | 245 (60.1) | 33 (18.2)

Other 8 (1.4) 7(17) 1(0.6)
Insurance Status

Public 171 (29.0) | 103 (25.2) | 68 (37.6)

Private 218 (37.0) | 168 (41.2) | 50 (27.6)

Uninsured 159 (27.0) | 109 (26.7) | 50 (27.6)

Unknown 41 (7.0) 28 (6.9) 13(7.2)
Clinical Information
CD4 Count (cells/mm?3)

<200 57 (9.7) 33(8.1) | 24(13.3)

>200 470 (79.8) | 331 (81.1) | 139 (76.8)

Unknown 62(105) | 44108 | 18(9.9)
HIV Viral Load (copies/mL)

<200 476 (80.8) | 331 (81.1) | 145 (80.1)

>200 81(13.8) | 57(14.0) | 24(13.3)

Unknown 32 (5.4) 20 (4.9) 12 (6.6)
History of any sTi? 154 (26.1) | 132(32.3) | 22(12.1)
History of Chlamydia 17 (2.9) 14 (3.4) 3(1.7)
History of Gonorrhea 55 (9.3) 49 (12.0) 6(3.3)
History of Syphilis 123 (20.9) | 109 (26.7) | 14 (7.7)
Alcohol abuseb

At risk 56 (16.2) | 44 (17.0) | 12 (13.8)

Low risk 27 (7.8) 16 (6.2) | 11(12.6)

Unknown 263 (76.0) | 199 (76.8) | 64 (73.6)
Substance use®

Current 44 (7.5) 30(7.4) 14 (7.7)

Prior 140 (23.8) | 105 (25.7) | 35(19.3)

Never 149 (25.3) | 111(27.2) | 38(21.0)
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Total MSM MSW
Characteristic N=589 N=408 N=181
N (%) N (%) N (%)

Unknown 256 (43.4) | 162 (39.7) | 94 (52.0)

EDM=erectile dysfunction medication; HIV=human immunodeficiency virus; MSM=men having sex with men; MSW=men having sex with
women; Q1=first quartile; Q3=third quartile; SD=standard deviation; STI: sexually transmitted infection; UAB=University of Alabama at
Birmingham (Birmingham, AL).

aAny STI refers to prior chlamydia, gonorrhea and/or syphilis infection

bUsing Alcohol use disorder identification test (AUDIT-C).

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny
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CUsing Alcohol, Smoking, and Substance Involvement Screening Test (ASSIST).
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Table 2.

STI before and after EDM prescription among MSM in HIV Care

Before EDM Prescription

Positive  Negative Total OR%(95% ClI),
N (%) N (%) N (%) p-value
After EDM
Prescription
Chlamydia
Positive 0 (0) 2(25) 2(25)  0.25(0.05-1.18)
Negative 8(9.9) 71(87.7) 79 (97.5) p=0.08
Total 8(9.9) 73(90.1)  81(100)
Gonorrhea
Positive  1(1.3) 6 (7.5) 7(8.8)  6.00(0.72-49.84)
Negative 1(1.3) 72(90.0) 73(91.2) p=0.10
Total 2(25) 78(97.5) 80 (100)
Syphilis
Positive ~ 2(0.8) 14 (5.8) 16 (6.6)  1.27 (0.58-2.80)
Negative 11 (4.6) 214(88.8) 225 (93.4) p=0.55
Total 13 (5.4) 228(94.6) 241 (100)

Page 16

Cl=confidence interval, EDM=erectile dysfunction/medication, OR=odds ratio; STI=sexually transmitted infection Bolded data highlights STIs
detected before and after EDM.

a . L . L . . .
Paired data analysis using conditional logistic regression used to calculate ORs with corresponding 95% Cls and p-values.
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