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Abstract
Background—Pharmacologic treatments for erectile dysfunction (ED) have gained widespread
popularity among middle-aged and older males in recent years. Increased sexual activity among
users of these treatments raises concerns about sexually transmitted diseases(STDs).

Objective—To examine the association between STDs and ED drug s.

Design—Longitudinal analysis of users and non-users of ED drugs.

Data sources—Medical and drug claims from 1997 to 2006 of 1,410,806 male employees
above the age of 40 with private insurance from 44 large companies.

Results—Users of ED drugs had higher baseline rates of STDs compared to non-users even prior
to initiating ED drug therapy (288 v. 156 annually per 100,000 people, p < 0.005). Adjusting for
these baseline rates, users of ED drugs had higher rates of STDs in the year after first ED drug use
when compared to non-users in the same period (OR 2.06, p < 0.05). Within users of ED drugs,
STD rates were higher in the year following first ED drug use compared to the year before (327 vs
289 annually per 100,000 people, p < 0.05).

Limitations—Selection bias precludes firm conclusions about whether use of ED treatments
directly leads to increases in STDs.
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Conclusions—Compared to non-users, users of ED drugs have higher rates of STDs both prior
to initiation of treatment and one year after. At a minimum, this relationship suggests that men
using ED drugs may benefit from early discussions about safe sexual practices and closer
monitoring for STDs. It is also possible that availability of ED drugs may increase STD rates.

Pharmacologic treatments for erectile dysfunction (ED) have gained widespread popularity
among middle-aged and older males in recent years. Driven largely by the high prevalence
of erectile difficulties in this population1–8, rates of sildenafil use reportedly reached 1.4% in
the commercially insured population by 2002.9 This is perhaps not surprising, since nearly
40% of men aged 57 to 85 have some degree of erectile dysfunction.8 While their clinical
efficacy has been well documented, little is known about the relationship between ED
treatments and the prevalence of sexually transmitted diseases (STDs). In light of growing
evidence for rising STD cases, including AIDS cases, at older ages10–14, ED drugs have
received attention for their possible contribution to these trends.13, 14 In fact, a recent study
found that widowhood in older men, but not older women, was associated with higher rates
of STDs, especially after the introduction of sildenafil (Viagra) in 1998.15

Although middle-aged and older adults generally take fewer risks with their health, their
decreased need for contraception may imply less than optimal safe sexual practices
compared to younger populations.16 For example, prior research suggests that condom use
declines with age16, 17 and, among at-risk populations, individuals older than 50 years are
one sixth as likely to use condoms during sex and one-fifth as likely to have been tested for
HIV compared to individuals in their twenties.18 Moreover, a survey of primary care
physicians revealed that most physicians rarely or never discuss sexual risk factor reduction
with their middle-age and older patients.19 These facts are particularly important in light of
the emergence of ED drugs, which have improved sexual function among older adult males.

Several small studies in the MSM (men who have sex with men) community have
investigated the connection between pharmacologic ED treatments and STDs.20–24 In this
community, ED drug use is associated with high-risk sexual behavior, such as unprotected
anal sex.20–22 ED drug users also report a greater number of recent sex partners and higher
rates of STDs than non-users.21–23 While the measured outcomes of these studies likely
reflect selection bias among users rather than the effect of ED drugs per se, these studies
nonetheless highlight a group of individuals within the MSM community who are at high
risk of contracting STDs.

In light of these findings and the growing use of pharmacologic treatments for ED, we
investigated the relationship between STDs and ED drug use in a comprehensive, large
sample of privately insured, middle-age and older adult male beneficiaries. Large datasets
are required to examine STD patterns since in the general population itself, STDs are still
quite rare, and even more so among middle-age and older adults.15 For men above 40, we
compared STD rates between users and non-users of ED drugs, adjusting for pre-existing
STDs and other co-morbidities. We also compared STD rates within users before and after
initiation of an ED drug. We hypothesized that users of ED drugs would have higher rates of
STDs compared to non-users and that users of ED drugs would have higher rates of STDs in
the months after initiating an ED drug compared to the months prior. A confirmation of this
hypothesis would suggest two things. At a minimum, men requesting ED drugs would be at
higher risk of contracting or already having sexually transmitted disease and may therefore
benefit from closer monitoring of risky sexual behavior and renewed discussions about safe
sexual practices. Second, the availability of ED drugs could in theory directly lead to higher
rates of STDs by facilitating sexual activity among those previously less sexually active.
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METHODS
We assembled a data set of pharmacy and medical claims at the monthly level from 1997 to
2006 for 44 large US employers. Because we were interested in STD rates among males
most likely to use erectile dysfunction drugs, we restricted our sample to men above the age
of 40.9 Our final data included 1,410,806 male beneficiaries continuously enrolled for 2
years (n = 67,718,688 person-months). The data was de-identified and therefore exempt
from review by the Institutional Review Board of the corresponding author’s institution.

The pharmacy claims incorporated all prescription drug claims, each with information on the
type of drug, drug name, national drug code, dosage, and days supplied. The medical claims
included the date of service, diagnosis, and procedure code. These data have been used
elsewhere to examine the impact of benefit design on pharmacy spending25, use of
medication by the chronically-ill26, 27, and specialty drugs28. Although all types of health
care encounters were captured - including inpatient, emergency, and outpatient services -
our claims data excluded both the informal provision of prescription drugs by online or
“black-market” suppliers, as well as prescriptions that were filled but not reported to the
health plan. This is, of course, a possibility for drugs used to treat erectile dysfunction.

Our level of observation was an individual in one of four quarters of the year. In each
quarter, we classified an individual as using an ED drug if they filled one or more
prescriptions in that quarter for either sildenafil (Viagra), tadalafil (Cialis), or vardenafil
(Levitra). Use of any of these drugs was identified by searching the pharmacy claims data
for both the generic and branded names of these drugs, as well as the national drug codes
associated with them.

We flagged individuals by quarter according to whether they had at least one claim for one
of the following STDs: chlamydia, gonorrhea, herpes, HIV/AIDS, syphilis, or other
(haemophilus ducreyi, human papilloma virus, lymphogranuloma venereum). Disease
indicators for these STDs were identified in the medical claims according to International
Classification of Disease, Ninth Revision (ICD-9) diagnoses. (Full list of ICD-9 codes used
are available from the corresponding author).

We also constructed disease indicators for co-morbid conditions, some of which might be
associated with the use of erectile dysfunction drugs and the likelihood of sexually
transmitted disease. Separate disease indicators identified the following conditions: anxiety,
asthma, cancer, cardiac disease, congestive heart failure, chronic obstructive pulmonary
disease, depression, diabetes, hypercholesterolemia, hypertension, stroke, vascular disease.
A beneficiary was determined to have one of these chronic conditions if their medical claims
included 2 or more office visits with the corresponding ICD-9 code (available upon request).

Statistical Analysis
We analyzed the relationship between ED drug use and STDs in two ways. First, we
compared rates of STDs between users and non-users of ED drugs. Specifically, for all users
in our sample, we identified the first claim for an ED drug and calculated the average
incidence of sexually transmitted disease 3, 6, 9, and 12 months after the first month a script
was filled. We then compared these rates to a random sample of non-users for 3, 6, 9, and 12
months after the reference user filled their first ED script. We did this for each user and
compared the 3-, 6-, 9-, and 12-month rate of STD between users and non-users of ED
drugs. Because a simple comparison of means between individuals would not account for
other important covariates, we estimated logistic models of STD incidence in which we
accounted for age, other co-morbidities, existing STDs, and employer. We did this for each
of several STDs (chlamydia, gonnorrhea, herpes, HIV, syphillis, other) and for all STDs
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combined. In general, we prefer the specification combining all STDs since the relative
infrequency of STDs, even in large samples such as ours, makes precise estimates difficult
to obtain.

In addition to analyzing STD rates between users and non-users of ED drugs, we compared
STD rates before and after initiation of an ED drug within users as well. Specifically, we
identified the first claim for an ED drug and calculated the average incidence of STD 3, 6, 9,
and 12 months before and after initiation of treatment. Those individuals whose first claim
occurred when a plan entered our data were omitted since we could not identify the presence
of a STD in the months prior to initiating treatment. In addition to a descriptive analysis, we
estimated linear regression models in which we accounted for the hierarchical longitudinal
structure of our data by including random effects at the individual and employer levels.
These models included age and disease covariates as well and were computed separately for
each STD and for all STDs combined.

STATA version 10 (STATA Corp, College Station, Texas) was used for statistical analyses
and the 95% CI reflects .025 in each tail or P ≤ .05.

Role of the funding source
This research was sponsored by the Bing Center for Health Economics and the RAND
Roybal Center for Health Policy Simulation. Dr. Jena received support from the NIH
through a Medical Scientist National Research Award Grant and from AHRQ through a
UCLA/RAND Training Grant. The design, conduct, analysis, interpretation, and
presentation of the data are the responsibility of the investigators, with no involvement from
the funding source.

RESULTS
Sildenafil was approved for use in erectile dysfunction by the FDA in March 1998. From
1998 to 2003, sildenafil use among men above 40 increased from 4.3 percent to 6.3 percent
in our sample. Vardenafil and tadalafil were approved by the FDA in September 2003 and
December 2003, respectively. With the arrival of these competing drugs, sildenafil use
dropped to 3.7 percent in 2006, as vardenafil and tadalafil steadily gained market share. In
2006, the last year of our data set, sildenafil still remained the market leader of erectile
dysfunction drugs; 3.6 percent of men above 40 used sildenafil, 1.0 percent of men used
vardenafil, and 1.7 percent of men used tadalafil.

Table 1 presents descriptive statistics of users and non-users of ED drugs in our data,
including average age, rates of medical co-morbidities, and rates of STDs in the reference
year prior to first ED drug fill.

Table 1 demonstrates that in general and not surprisingly, users of ED drugs were older and
had higher rates of chronic disease. Overall rates of STDs in the year prior to the reference
start date were substantially higher among those who ended up taking an ED drug. Note that
HIV is significantly more prevalent than other diseases; this is because HIV is not curable
and therefore the prevalence is high. Although differences in individual STDs (except for
chlamydia and HIV) are not statistically significant due to low power, after pooling together
all STDs and excluding HIV, users still have higher rates of STD prior to initiating ED drugs
compared to non-users prior in the same period.

Table 2 extends our descriptive comparison of users and non-users of ED drugs by
presenting average rates of sexually transmitted disease among users of ED drugs in the year
after initiating therapy compared to non-users in that same period. STD rates are presented
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per 100,000 beneficiaries and are calculated as rates in the first 3, 6, 9, or 12 months after
users initiated treatment; a random sample of non-users were followed from the same
calendar date forwards as well.

Table 2 shows that users of ED drugs had higher rates of chlamydia, herpes, HIV, syphilis,
and other STDs in the 12 months after initiating treatment compared to a random sample of
non-users in that same time period. Only Chlamydia, HIV, and all STDs combined were
significant, however, at the p < 0.05 level. As before, the seemingly high HIV rate reflects
the fact that the disease is incurable which raises the prevalence at any given point in time.
Although Table 2 shows a higher prevalence of STDs among users of ED drugs in the year
after first ED drug use (compared to non-users), it does not account for the higher baseline
rate of sexually transmitted disease among users in the year before starting an ED drug. We
address this in Table 3.

Table 3 presents the results of an estimated logistic model comparing STD rates between
users and non-users, accounting for other covariates such as age, pre-existing STDs, other
medical conditions, and employer. We employed random effects at the employer level.

Age and other medical conditions (not shown in table) were associated with higher STD
rates in the following year. Adjusting for the prevalence of STDs prior to starting any ED
drug, Table 3 shows that the prevalence of STDs was raised by more among users of ED
drugs in the following year than among non-users. For example, the odds-ratio of users
having an STD within 12 months after initiating an ED drug compared to non-users in that
same period was 2.06 (95% CI 1.56 – 2.74), adjusting for prevalence of STD in the year
prior. While it may appear that HIV drives the result for overall STDs, in a separate analysis
where we excluded HIV and focused on all other STDs combined, the 1-year odds-ratio of
any STD between users and non-users was 1.61 (95% CI 1.10 – 2.38).

Tables 4 and 5 analyze rates of STDs before and after first ED drug fill within users alone.
Specifically, Table 4 displays average rates of STDs (per 100,000 people) among the users
of ED drugs in both the 12 months before and after the first documented ED drug use.

Table 4 shows that within users, annual rates of overall STD increased from 289 to 327 per
100,000 men, a statistically significant difference at the 0.05 confidence level. This effect
was mainly driven by increases in HIV, with all remaining STDs exhibiting no change on
average.

Table 5 presents the estimated “within-effect” of the first ED drug fill on rates (per 100,000
people) of sexually transmitted disease within users, accounting for other covariates. This
specification compares STD rates within users in the months following first ED drug fill
compared to the equivalent number of months prior. For example, the rate of STD (per
100,000 people) at 6 months after an ED drug fill would be compared to the rate in the 6
months prior. STD rates are adjusted for covariates such as age and disease co-morbidities,
and the model includes random effects at the user and employer level to account for the
hierarchal structure of the data.

As Table 5 shows, our analysis generally lacks enough power to separately estimate the
effect of ED drug use within users, by individual STD. For all STDs combined, however, the
year after initiating ED drug therapy was associated with significantly higher rates of STD
compared to the year before, the effect driven mainly by an increasing prevalence of HIV
within users. Unlike our earlier analyses comparing users of ED drugs to non-users, when
we excluded HIV from the within-analysis and combined all remaining STDs, we found no
significant change in STD rates among users before and after starting an ED drug.
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Sensitivity Analysis
We conducted a simple misspecification analysis to examine how misclassification of ED
drug exposure would impact our results. For example, individuals using ED drugs may not
have claims for these medications and could be incorrectly misclassified as non-users.
Similarly, actual non-users of ED drugs could be incorrectly classified as users. Varying
each of these probabilities, we found that the adjusted odds of STD at one year between
users and non-users was relatively unchanged (analysis available from authors upon
request). For example, if 10 percent of actual users of ED drugs were misclassified as being
non-users and 20 percent of non-users were incorrectly classified as being users, our
calculated adjusted odds of STD at one year between users and non-users would be still be
1.79 (compared to the baseline OR of 2.06).

DISCUSSION
Since the introduction of sildenafil (Viagra) in 1998, pharmacologic treatments for erectile
dysfunction have gained increased popularity among middle-aged and older males. We
investigated the relationship between ED drug use and STDs in a comprehensive, large
sample of privately insured, middle-age and older adult male beneficiaries. Generally, we
found that users of ED drugs had higher rates of sexually transmitted disease compared to
non-users. In addition, among users of ED drugs, the months following first ED drug use
were associated with higher rates of STDs than the months preceding initiation of therapy.

We interpret these results in two ways. At a minimum, use of ED drugs appears to be
correlated with higher risk sexual behavior, either in the number or type of sexual
encounters (neither of which we can observe in our data). Compared to non-users, users of
ED drugs have a higher baseline prevalence of STDs prior to first ED drug use. After first
use, rates of STDs are higher among users as well, even after adjusting for higher baseline
prevalence. The simple fact that STD rates are higher among users of ED drugs at the very
least suggests a particular subset of men who are at higher risk for STDs and who may
benefit from renewed physician conversations about safe sexual practices. This is
particularly relevant since most primary care physicians rarely discuss sexual risk factor
reduction with their middle-age and older patients,19 and only 9% of adults aged 40–80
years report that a doctor asked them about their sexual health during a routine doctor visit
in the past three years.29 Put differently, use of ED drugs by middle-aged and older patients
may serve as a simple screening tool for physicians to use in identifying those patients who
may benefit from reminders about safe sexual practice. This finding coincides with other
researchers’ recommendations that physicians should include discussions about sexual
health in conversations with older patients.30 Importantly, while conversations about safe
sexual practices may be warranted, routine STD testing of men requesting ED drugs may, of
course, not be. Although the relative difference between users and non-users of ED drugs is
substantial, STD prevalence in older adults remains low and broad STD testing of those
requesting ED drugs from their physician would likely not be cost-effective. For example,
with annual average rates of STDs prevalence among users and non-users of 327 and 166
per 100,000 men, respectively, nearly 620 men requesting ED drugs would need to be
screened to identify a single STD case.

The second interpretation of our results is that increased availability of ED treatments
(perhaps through more generous insurance coverage or generic entry in the future) may
directly lead to increases in STDs. Although within users, rates of total STDs appear to rise
after initiating therapy, even this may still reflect selection bias if those using ED drugs
anticipate (and ultimately realize) increased sexual activity in the future regardless of ED
drug utilization. More generally, users of ED drugs are likely to be different than non-users,
even after adjusting for age and other diseases. Users may be more adventuresome, may be
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recently married, may have more sexual partners, and so forth. To address this, future
research might use the introduction of sildenafil in 1998 to analyze whether individuals with
medical conditions predisposing to ED witnessed higher growth in STDs between the
months before and after the introduction of sildenafil. This was not possible in our data since
most individuals entered our sample after the introduction of sildenafil so that pre-sildenafil
STD rates could not be calculated. In the event that such a direct effect between ED drug use
and STD risk exists, a natural question is what steps, if any, should be taken to ensure
responsible utilization of these treatments. For example, health plans may consider
increasing co-pays for these treatments, or manufacturers may consider including
information about safe sexual practices as part of package inserts or direct to consumer
advertising. Physicians may also remind their older adult patients about responsible
utilization of these drugs.

In addition to the limitations raised above, our analysis has several others. First, we did not
conduct a randomized control trial, which would be ideal in assessing the direct link
between ED drug use and STD risk. Second, we identified users of pharmacologic ED
treatments and rates of STDs from insurance claims data. Measured ED drug utilization may
not capture drugs purchased outside of a patient’s health plan and measured STD rates may
miss visits to anonymous clinics. For example, one study showed that sildenafil is readily
available over the internet without the need for a physician visit.31 Third, although our
claims data includes information on many covered lives, the prevalence of sexually
transmitted disease is still quite low and precludes analysis at the individual STD level; a
more refined analysis would more precisely target those diseases that screening efforts
would be best targeted towards. More generally, further work may better characterize those
users of ED drugs who are at highest risk of STD. Screening, whether in the form of brief
conversations or formal STD testing, would be most effective if targeted towards those at
highest risk.
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Table 1

Characteristics of users and non-users of erectile dysfunction drugs among men aged 40 and older with
employer-provided health insurance

Non-users Users

N 1,376,838 33,968

Average age 58.6 62.2

Medical co-morbidities (%)

Cancer 4.6 10.6

COPD 0.9 1.4

Heart disease 10.3 14.7

Depression 1.9 4.14

Diabetes 7.5 15.0

Hypercholesterolemia 6.0 12.7

Hypertension 14.7 29.9

STD rate in prior year (per 100,000 men)

Chlamydia 15.0 41.2

Gonorrhea* 7.9 11.8

Herpes* 8.1 8.8

HIV 115.3 217.9

Syphilis* 7.3 14.7

Other* 8.4 5.9

All STDs 156.8 288.5

All STDs but HIV 45.9 79.5

Notes: Users and non-users were defined according to whether they filled one or more claims for either sildenafil, vardenafil, or tadalafil. All
comparisons between users and non-users, except those specified by asterisk, are significant at the p<0.005 level. Those specified by asterisk all
had p-values > 0.10.
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Table 5

Change in adjusted STD rates within users before and after starting an ED drug (rate per 100,000 users)

Change in adjusted STD rates within users by month after first ED drug fill

3 mo. 6 mo. 9 mo. 12 mo.

Chlamydia (%) 0 −10 −8 −12

(−19 – 18) (−33 – 14) (−36 – 19) (−40 – 16)

Gonorrhea (%) −1 3 −3 −3

(−9 – 8) (−7 – 14) (−16 – 11) (−19 – 12)

Herpes (%) 0 −3 −5 3

(−7 – 8) (−9 – 3) (−15 – 5) (−13 – 18)

HIV (%) −3 42† 62† 102†

(−34 – 29) (5 − 79) (31 − 93) (72 − 131)

Syphilis (%) −6 −8 2 7

(−17 – 6) (−21 – 5) (−15 – 18) (−11 – 24)

Other (%) 0 6 6 14

(−1 – 2) (−6 – 18) (−6 – 18) (−1 – 29)

All (%) −3 34 49† 99†

(−41 – 34) (−14 – 81) (2 – 96) (49 – 149)

Notes:

†
p < 0.05. Reported coefficients reflect the change in adjusted STD rates (per 100,000 people) within users in the months following first ED drug

fill compared to the equivalent number of months prior. For example, adjusted STD rates in the entire 6 months after initiating ED treatment are
compared to the 6 months prior.
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