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BACKGROUND: Among health care providers, prescrip-
tion of HIV pre-exposure prophylaxis (PrEP) has been low.
Little is known specifically about primary care physicians
(PCPs) with regard to PrEP awareness and adoption (i.e.,
prescription or referral), and factors associated with
adoption.
OBJECTIVE: To assess PrEP awareness, PrEP adoption,
and factors associated with adoption among PCPs.
DESIGN: Cross-sectional online survey conducted in
April and May 2015.
RESPONDENTS: Members of a national professional or-
ganization for academic primary care physicians (n =
266).
MAIN MEASURES: PrEP awareness, PrEP adoption (ever
prescribed or referred a patient for PrEP [yes/no]), provid-
er and practice characteristics, and self-rated knowledge,
attitudes, and beliefs associated with adoption.
KEY RESULTS: The survey response rate was 8.6 %
(266/2093). Ninety-three percent of respondents reported
prior awareness of PrEP. Of these, 34.9 % reported PrEP
adoption. In multivariable analysis of provider and prac-
tice characteristics, compared with non-adopters,
adopters were more likely to provide care to more than
50 HIV-positive patients (vs. 0, aOR= 6.82, 95 % CI 2.06–
22.52). Compared with non-adopters, adopters were also
more likely to report excellent, very good, or good self-
rated PrEP knowledge (15.1 %, 33.7 %, 30.2 % vs. 2.5 %,
18.1 %, 23.8 %, respectively; p < 0.001) and to perceive
PrEP as extremely safe (35.1 % vs. 10.7 %; p = 0.002).
Compared with non-adopters, adopters were less likely
to perceive PrEP as being moderately likely to increase
risk behaviors (“risk compensation”) (12.8 % vs. 28.8 %,
p = 0.02).
CONCLUSIONS: While most respondents were aware of
PrEP, only one-third of PrEP-aware PCPs reported adop-
tion. Adopters weremore likely to have experience provid-
ing HIV care and to perceive PrEP as extremely safe, and
were less likely to perceive PrEP use as leading to risk

compensation. To enhance PCP adoption of PrEP, educa-
tional efforts targeting PCPs without HIV care experience
should be considered, as well as training those with HIV
care experience to be PrEP “clinical champions”. Con-
cerns about safety and risk compensation must also be
addressed.
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INTRODUCTION

Although new diagnoses of human immunodeficiency virus
(HIV) in the United States have declined over the past decade,
40,000 individuals continue to be diagnosed with HIV each
year.1 Pre-exposure prophylaxis (PrEP) represents an innova-
tive HIV prevention strategy that has the potential to further
reduce new HIV infections.2 PrEP involves HIV-negative
individuals taking antiretroviral medications and attending
routine visits with a health care provider.2 To date, multiple
studies have demonstrated the efficacy of PrEP across a range
of risk groups.3–7 While there have been concerns raised,
particularly regarding renal and bone-induced adverse effects,
the effects have been largely reversible.7,8 Furthermore, data
regarding the potential for HIV resistance has been
reassuring.7 In 2014, the Centers for Disease Control and
Prevention (CDC) released guidelines regarding PrEP
(tenofovir disoproxil fumarate/emtricitabine [Truvada®]) for
persons at substantial risk for HIV infection.2 The CDC esti-
mates that 1.2 million individuals are eligible for PrEP based
on sexual and drug use behaviors, yet only about 80,000
unique individuals have been prescribed PrEP since its 2012
approval by the Food and Drug Administration.9,10 Moreover,
studies suggest that only a minority of U.S. health care pro-
viders report having ever prescribed PrEP.11–17

Health care providers play a central role in the implemen-
tation of new health-related technologies, given their access to
individuals or populations that might benefit most.18 Primary
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care physicians (PCPs), in particular, are optimally positioned
to provide PrEP, given their focus on health promotion, dis-
ease prevention, and longitudinal care. Additionally, PCPs
primarily deliver care to HIV-negative individuals, some of
whom may be at substantial HIV risk, and therefore PrEP-
eligible.17,19 Despite the potentially important role of PCPs in
implementing PrEP (i.e., incorporating PrEP into clinical prac-
tice), earlier studies of providers’ PrEP-related attitudes and
potential role in PrEP adoption (i.e., commitment to and initial
use of PrEP, defined in this study as a prescription of or referral
for PrEP)20 have focused mainly on HIV specialists,12,15,21–24

such as infectious disease (ID) physicians, and/or have been
limited to specific geographic regions of the U.S.13,16,25–29 No
published studies of PrEP adoption have focused exclusively
on general internists, which is notable, given that they are
abundant, geographically distributed throughout the U.S.,
and uniquely positioned to offer PrEP to persons at high risk
of HIV infection.
Therefore, we sought to 1) characterize the level of PrEP

awareness and adoption (i.e., PrEP prescription or referral)
among PCPs, and 2) examine provider and clinical practice
characteristics as well as provider self-rated PrEP-related knowl-
edge, attitudes, and beliefs associated with PrEP adoption.

METHODS

Respondents and Procedures

From April through May 2015, we conducted an anonymous
online survey of members of the Society of General Internal
Medicine (SGIM), a national professional organization for aca-
demic general internists.We recruited potential participants using
a listserv for SGIM members (with reminder emails sent weekly
for 6weeks) as well as direct e-mail messaging. At the time of the
survey, SGIM had 3093 active members who were attending
physicians, fellows, or residents. All members are automatically
registered to the SGIM listserv. Recruitment emails included a
brief description of the study, with a hyperlink to the online
survey. As we aimed to survey PCPs who could potentially
prescribe or refer patients for PrEP,we specifically recruited those
involved in direct outpatient care. Therefore, eligible study re-
spondents were SGIM members who currently provided direct
clinical care or supervise trainees in the outpatient setting. Upon
survey completion, we offered respondents entry into a raffle to
win one of two iPads. The study was administered by Albert
Einstein College of Medicine and Yale School of Medicine, and
received institutional review board (IRB) exemption from both
institutions.
Of 363 initiated surveys with completed eligibility questions,

64 respondents were excluded because they were not SGIM
members, and 12 were excluded because they did not provide
direct clinical or supervising trainees in an outpatient setting. Of
the remaining 287 surveys, 21 had missing data for the primary
outcome, leaving 266 eligible surveys.

Data Collection

We administered the PCP PrEP Survey to respondents using
an online survey tool (Qualtrics®). The PCP PrEP Survey was
informed by a literature review of health care providers’ PrEP-
related knowledge, attitudes, and behaviors,11–16,21–23,25–32 an
existing survey instrument,33 and feedback from community
members involved in HIV prevention research. It was devel-
oped and pilot-tested in an iterative fashion by the authors,
most of whom are PCPs who provide HIV care and/or re-
searchers who conduct HIV bio-behavioral research (Online
Appendix). The 57-item survey, which was delivered in En-
glish, included provider sociodemographic, clinical, and prac-
tice characteristics, self-rated knowledge, attitudes, and beliefs
about PrEP, and PrEP adoption.

Measures
Outcome of Interest. PrEP adoption, our primary outcome, was
defined as ever having prescribed or referred a patient for PrEP
(yes/no). PrEP adoption was based on participants’ responses to
the following two questions: “Have you ever prescribed PrEP for
a patient?” (yes/no) or “Have you ever referred a patient for PrEP
(e.g., to a PrEP provider or HIV clinic)?” (yes/no). We chose this
composite measure, as some PCPs may practice in clinical
settings where referral to a designated PrEP provider or HIV
clinic (vs. prescription by the internists themselves) is considered
standard of care for provision of PrEP.

Independent Variables. Provider characteristics collected
included age (estimated by year of birth), race/ethnicity,
gender identity, sexual orientation, current role (attending
physician vs. trainee [fellow or resident]), and percentage of
time allocated to specified activities (direct patient care,
research, medical education, administration, and other
activity).
Clinical practice characteristics collected included region of

the country in which the participant’s clinic was located (West,
Midwest, South, Northeast), rurality/urbanicity of clinic location
(urban, suburban, rural), type of clinical setting (clinic at an
academic medical center, clinic at a public hospital, community
health center, clinic at VA hospital, other), and estimated number
of HIV-positive clinic patients for whom the participant provided
care (0, 1–10, 11–20, 21–50, >50).
Self-rated knowledge of PrEP and its potential side effects

were measured on a five-point Likert scale (poor = 1, fair = 2,
good = 3, very good = 4, excellent = 5). Attitudes and beliefs
about PrEP’s effectiveness, safety, and impact on risk behaviors,
and likelihood of prescribing PrEP in the next 6 months were
assessed by items with possible responses on a four-point Likert
scale (not at all = 1, slightly = 2, moderately = 3, extremely = 4).

Statistical Analysis

First, to characterize the analytic sample, we used de-
scriptive statistics. Next, to compare characteristics be-
tween PrEP adopters and non-adopters, we used chi-
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square tests and multivariate analysis of variance
(MANOVA). To assess the association between
provider/clinical practice characteristics and PrEP adop-
tion, we performed logistic regression. Variables that
were significant at p < 0.1 in unadjusted analysis were
included in a final multivariable logistic regression mod-
el. We considered all independent variables with p < 0.05 in the
final model as significant. The associations between
provider/clinical practice characteristics and PrEP adop-
tion are presented as odds ratios (OR), along with asso-
ciated 95 % confidence intervals (CI). In sensitivity anal-
yses, we excluded respondents with zero HIV-positive
patients and conducted additional analyses to examine
the association of direct patient care time with PrEP
adoption and knowledge, attitudes, and beliefs. Statistical
analyses were performed using SPSS version 21 software
(IBM Corp., Armonk, NY, USA).

RESULTS

The response rate was estimated to be 8.6 % (266 completed
surveys/3093 SGIM members invited to participate). Of 266
respondents, 246 (92.5 %) had previously heard of PrEP and
thus were included in the analysis for PrEP adoption.

Characteristics of Analytic Sample

Among our analytic sample (n = 246), the mean age was 40.9
(SD 9.6) years (Table 1). Most were white (73 %), female
(62 %), heterosexual (91 %), and attending physicians (79 %).
On average, the sample spent 41 % of their time involved in
direct patient care. Clinics were located mainly in the North-
east (50 %), and in urban areas (85 %). Almost two-thirds
(68 %) of respondents practiced at clinics at academic medical
centers, and 75 % provided outpatient care for at least one
HIV-positive patient. Over one-third (34.9 %) had ever

Table 1 Provider and Practice Characteristics by PrEP Adoption

Overall sample
(n = 246)

Adopters (n =
86)

Non-adopters
(n = 160)

Unadjusted odds ratio
(95 % CI)

Adjusted odds ratio
(95 % CI)

Age (years), mean (SD) 40.9 (9.6) 39.7 (9.4) 41.6 (9.7) 0.98 (0.95–1.01)
Race, n (%)
White 162 (73) 56 (72) 106 (73) Ref
Black 13 (6) 3 (4) 10 (7) 0.57 (0.15–2.15)
Asian/Asian American 39 (17) 15 (19) 24 (17) 1.18 (0.58–2.44)
Other 9 (4) 4 (5) 5 (3) 1.51 (0.39–5.87)

Hispanic ethnicity, n (%) 15 (7) 5 (6) 10 (7) 1.09 (0.36–3.03)
Gender, n (%)
Female 144 (62) 52 (64) 92 (61) 1.13 (0.65–1.98)

Sexual orientation, n (%)
Heterosexual 210 (91) 73 (91) 137 (91) 1.01 (0.39–2.64)
Gay/lesbian/bisexual/other 20 (9) 7 (9) 13 (9) Ref

Role, n (%)
Attending physician 182 (79) 70 (86) 112 (75) 2.16 (1.04–4.50) 1.88 (0.89–3.99)
Trainee 49 (21) 11 (14) 38 (25) Ref Ref

Percentage of time allocation, mean (SD)
Direct patient care 41.2 (29.2) 43.2 (26.9) 40.1 (30.3) 0.45*
Research 22.0 (29.7) 18.5 (27.4) 23.8 (30.8) 0.19*
Medical education 21.4 (19.3) 22.0 (19.2) 21.0 (19.3) 0.70*
Administration 13.7 (18.1) 12.9 (16.4) 14.2 (18.9) 0.61*
Other 1.9 (8.5) 3.4 (12.7) 1.0 (4.7) 0.52*

Region of country, n (%)
West 39 (17) 18 (22) 21 (14) Ref
Midwest 30 (13) 10 (12) 20 (13) 0.63 (0.25–1.61)
South 47 (20) 12 (15) 35 (23) 0.43 (0.18–1.01)
Northeast 117 (50) 41 (51) 76 (50) 0.68 (0.35–1.32)

Rurality/urbanicity of practice, n (%)
Urban 202 (85) 72 (89) 130 (86) Ref
Suburban 25 (12) 8 (10) 17 (11) 0.85 (0.35–2.07)
Rural 6 (2) 1 (1) 5 (3) 0.36 (0.04–3.15)

Type of clinical setting, n (%)
Clinic at an academic

medical center
158 (68) 56 (69) 102 (67) Ref

Clinic at public hospital 23 (10) 10 (12) 13 (9) 1.40 (0.58–3.40)
Community health center 18 (9) 7 (9) 15 (10) 0.85 (0.33–2.21)
Clinic at VA hospital 14 (6) 2 (2) 12 (8) 0.30 (0.07–1.40)
Other 16 (7) 6 (7) 10 (6) 1.09 (0.38–3.17)

Number of clinic patients with HIV, n (%)
0 59 (25) 15 (18) 44 (29) Ref Ref
1–10 123 (53) 41 (51) 82 (54) 1.47 (0.73–2.94) 1.43 (0.71–2.88)
11–20 18 (8) 7 (9) 11 (7) 1.87 (0.61–5.69) 1.83 (0.60–5.62)
21–50 14 (6) 5 (6) 9 (6) 1.63 (0.47–5.63) 1.65 (0.46–5.87)
>50 18 (8) 13 (16) 5 (3) 7.63 (2.33–24.98) 6.82 (2.06–22.52)

% represents column percentage
SD standard deviation, CI confidence interval
*p values for the MANOVA, evaluating all time allocation variables together
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prescribed or referred a patient for PrEP. Specifically, 15.4 %
had only prescribed PrEP, 14.6 % had only referred a patient
for PrEP, and 4.9 % had done both.

Provider and Practice Characteristics
Associated with PrEP Adoption

In unadjusted analysis, being an attending physician (vs. train-
ee, OR = 2.16, 95 % CI 1.04–4.50) and providing care to more
than 50HIV-positive patients (vs. 0, OR = 7.63, 95%CI 2.33–
24.98) were associated with higher odds of PrEP adoption
(Table 1). No other provider or clinical practice characteristics
were associated with PrEP adoption. In the final multivariable
model including only current role (attending vs. trainee) and
number of HIV-positive clinic patients, only providing care to
more than 50 HIV-positive patients (vs. 0, adjusted odds ratio
[aOR] = 6.82, 95 % CI 2.06–22.52) remained significantly
associated with PrEP adoption. In sensitivity analyses, we
found similar results (data not shown).

Provider Self-Rated Knowledge, Attitudes, and
Beliefs Associated with PrEP Adoption

Compared with non-adopters, adopters were more likely to
report excellent, very good, or good self-rated knowledge of
PrEP (p < 0.001; Fig. 1) and its side effects (p < 0.001; Fig. 2),
and to report being extremely likely to prescribe PrEP in the
next 6 months (p < 0.001; Fig. 3). Most adopters and non-
adopters perceived PrEP as moderately safe; however,
adopters were more likely than non-adopters to perceive PrEP
as extremely safe (p = 0.002; Fig. 4). Aminority of adopters and
non-adopters perceived PrEP as being moderately likely to in-
crease risk behaviors; adopters were less likely than non-adopters
to endorse this belief (p=0.02; Fig. 5). Perceived effectivenesswas
not associated with adoption status (p=0.20; Fig. 6).

DISCUSSION

We found that the vast majority of PCPs in our study sample
were aware of PrEP. However, of these, only one-third had
ever prescribed or referred a patient for PrEP, with about equal
proportions reporting either. In multivariable analysis of pro-
vider and clinical practice characteristics, only providing care
to more than 50 HIV-positive clinic patients remained associ-
ated with PrEP adoption. Compared with non-adopters,
adopters were more likely to report greater self-rated knowl-
edge of PrEP and its side effects, to perceive PrEP as extreme-
ly safe, and to report greater perceived likelihood of prescrib-
ing PrEP in the future. Compared with adopters, non-adopters
were more likely to perceive PrEP as leading to an increase in
risk behaviors (“risk compensation”). We did not find a dif-
ference in perceived effectiveness by adoption status.
Our study’s findings regarding awareness and adoption

of PrEP among PCPs represent an important contribution
to the growing body of literature on the role of health care
providers in PrEP implementation. While the CDC esti-
mates that one-third of primary care providers are unaware
of PrEP,17 the vast majority of PCPs in our study reported
an awareness, a proportion similar to that in two other
geographically focused U.S.-based studies that recruited
ID/HIV specialists as well as primary care providers.16,28

The proportion of our study respondents reporting PrEP
adoption (35 %) was among the highest of any published
study. Most published studies on PrEP adoption were
cross-sectional in design, recruited exclusively ID/HIV
specialists or a combination of specialists and primary
care providers via listservs, and utilized online sur-
veys.11–17 These studies found that 4–32 % of providers
reported ever prescribing PrEP. In a recently published
study of primary care clinicians, which included general

Figure 1 Self-rated knowledge of PrEP by adoption status.
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internists, family medicine physicians, obstetrician/
gynecologists, and nurse practitioners, 7 % reported hav-
ing prescribed PrEP.17 Although we used a composite
measure of PrEP adoption (i.e., prescription or referral),
as some primary care clinics may refer to an outside
provider for PrEP-related services, even if we restricted
our outcome to only those who ever prescribed PrEP, the
proportion would be similar to or higher than all but one
of the prior studies. Potential reasons for higher PrEP
awareness and adoption in our study compared to others
include response bias, sampling bias, and temporal trends
including increasing attention to PrEP in the lay press and
scientific journals, as well as outreach to providers by
health departments nationwide.
Our findings suggest that providing care to more than 50

HIV-positive patients may be associated with a specific

interest in HIV prevention and treatment. Due to the relatively
high prevalence of co-existing substance use disorders among
persons with HIV, it is possible that PCPs who provide HIV
care to a relatively large number of HIV-positive patients may
be more comfortable or familiar with harm reduction ap-
proaches such as PrEP.34,35 Results of studies have been
mixed, with some showing a positive association between
the number or proportion of HIV-positive patients for which
a clinician provides care and surrogate measures of PrEP
adoption,12,31 while others have shown no association.13,14,23

Our findings suggest that providers’ concerns about the
increase in risk behaviors and the safety of PrEP continue to
be potential barriers to PrEP adoption. Fears that patient risk
compensation (i.e., increase in sexual risk behavior due to a
perceived reduction in HIV susceptibility) could offset the
protective benefit of PrEP has been a prominent concern

Figure 2 Self-rated knowledge of PrEP-related side effects by adoption status.

Figure 3 Perceived likelihood of prescribing PrEP by adoption status.
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among providers in prior studies,11,13,15,23,28,30,31 despite the
lack of evidence of widespread risk compensation in studies
investigating the efficacy36,37 and effectiveness38,39 of PrEP.
In our study, we found that non-adopters weremore likely than
adopters to perceive PrEP use as leading to risk compensation.
Prior studies have found either no association or a negative
association between providers’ belief in risk compensation
and proxies for PrEP adoption (e.g., willingness to prescribe
PrEP).23,27,30 To the best of our knowledge, ours is the only
published study to examine the relationship between a belief in
risk compensation and actual PrEP adoption among providers
in clinical practice. Regarding safety, a number of studies have
also demonstrated provider concerns about potential PrEP-
related toxicities;12,13,15,16,28 these concerns have been associ-
ated with more negative attitudes toward PrEP23 and less
intention to prescribe PrEP.29

We believe our study’s findings have important implica-
tions for the role of PCPs in PrEP implementation. First, the

proportion of respondents in our sample who reported PrEP
adoption was among the highest estimates of any published
study on this topic, highlighting the promising role of PCPs in
PrEP implementation. The CDC estimates that about 1.2
million persons in the U.S. are eligible for PrEP.9 Although
we do not know the exact proportion of PCPs who provide
care to persons eligible for PrEP, the fact that the vast majority
of persons who are eligible are not receiving PrEP underscores
the need to increase the number of PCPs offering PrEP to
eligible individuals.10 Second, as PCPs providing care to
greater than 50 HIV-positive patients were more likely to
report PrEP adoption than those providing no HIV care,
provider-focused educational initiatives to enhance PrEP
adoption may need to target those without HIV care experi-
ence, as well as training those with HIV care experience to be
PrEP “clinical champions”. Specifically, clinical champions
could provide education, such as assessing eligibility, counsel-
ing, prescription, and monitoring, help establish PrEP clinical

Figure 4 Perceived PrEP safety by adoption status.

Figure 5 Perceived likelihood of PrEP increasing risk behaviors by adoption status.
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practice protocols to facilitate PrEP provision at their local
sites, and provide ongoing support to their colleagues as
needed. Third, such initiatives will also need to address con-
cerns related to risk compensation and safety. While random-
ized clinical trials have not observed risk compensation to be
normative among participants (measured via self-reported risk
behaviors or diagnosed sexually transmitted infections),36–39

the perception persists that PrEP will increase risk behaviors,
and this was negatively associated with PrEP adoption in our
study. Even though increased rates of condomless sex in the
context of PrEP use have been reported, this has not been
associated with increased risk of HIV acquisition in prelimi-
nary accounts of real-world PrEP use.39 As PrEP adoption was
associated with greater perceived safety, addressing provider
concerns about PrEP-related toxicities may also be critically
important for adoption efforts.
Despite the strengths of our study, there are limitations that

deserve mention. First, we did not specifically ask participants
about their patients’ risk characteristics. If there were respondents
who had not encountered individuals at substantial HIV risk in
their clinical practice, then our estimate of adoption may partially
reflect a lack of opportunity to prescribe PrEP. However, we
believe it is likely that all participants had one or more patients
who could have benefited from PrEP based on the applicability
of the CDC criteria to diverse patient populations and the esti-
mates that over 1.2 million Americans meet such criteria. Our
future research will consider the extent to which PCPs provide
care to persons eligible for PrEP relative to PrEP adoption and the
potential role for routine screening for PrEP eligibility. Second,
our sampling frame may have implications for the generalizabil-
ity of our findings to academic PCPs and to PCPs more broadly.
We recruited a convenience sample of members of a professional
society for academic PCPs. Academic PCPs may be more aware
of more recent medical advances than those who practice in non-
academic clinical settings. Additionally, although we used both

HIV-specific and general primary prevention messaging for re-
cruitment, PCPs whomay be aware of or interested in PrEP, or in
HIV prevention and treatment more generally, may have been
inclined to participate in the study, thereby affecting the represen-
tativeness of our sample. Despite these limitations, which are
common among provider attitude surveys of this nature,40,41 this
study is a foundational step toward characterizing PrEP adoption
and related factors among PCPs, who number about 70,000 in the
U.S.42 Lastly, we obtained a relatively low response rate. How-
ever, the ratewas similar to that of previously published studies on
the topic.13,24 Additionally, the exact number of registered SGIM
members who met eligibility criteria at the time of the survey is
unavailable, as is the number of SGIMmembers whowere active
on the listserv (i.e., routinely checking emails). Thus, our calcu-
lated response rate is likely a conservative estimate.

In an online survey of PCPs, we found that the vast majority
were aware of PrEP, with about one-third of PrEP-aware respon-
dents reporting PrEP adoption. Compared with non-adopters,
adopters were more likely to provide care to more than 50
HIV-positive patients and to perceive PrEP as safe. Compared
with adopters, non-adopters were more likely to perceive PrEP
use as leading to risk compensation. PCP-focused PrEP initia-
tives should aim to translate these high levels of awareness to
PrEP adoption by targeting PCPs without HIV care experience
for educational initiatives, as well as training those with experi-
ence to be PrEP “clinical champions”. Additionally, addressing
persistent concerns related to risk compensation and safety may
be critical to such efforts. By increasing PrEP adoption, PCPs
have substantial potential to contribute to the downward trend in
new HIV infections in the U.S.
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