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Abstract Objectives An electronic clinical decision support (CDS) alert can provide real-time
provider support to offer pre-exposure prophylaxis (PrEP) to youth at risk for human
immunodeficiency virus (HIV). The purpose of this study was to evaluate provider
utilization of a PrEP CDS alert in a large academic-community pediatric network and
assess the association of the alert with PrEP prescribing rates.
Methods HIV test orders were altered for patients 13 years and older to include a
hard-stop prompt asking if the patient would benefit from PrEP. If providers answered
“Yes” or “Not Sure,” the CDS alert launched with options to open a standardized order
set, refer to an internal PrEP specialist, and/or receive an education module. We
analyzed provider utilization using a frequency analysis. The rate of new PrEP
prescriptions for 1 year after CDS alert implementation was compared with the year
prior using Fisher’s exact test.
Results Of the 56 providers exposed to the CDS alert, 70% (n¼39) responded “Not
sure” to the alert prompt asking if their patient would benefit from PrEP, and 54%
(n¼30) chose at least one clinical support tool. The PrEP prescribing rate increased
from 2.3 prescriptions per 10,000 patients to 6.6 prescriptions per 10,000 patients in
the year post-intervention (p¼0.02).
Conclusion Our findings suggest a knowledge gap among pediatric providers in
identifying patients who would benefit from PrEP. A hard-stop prompt within an HIV
test order that offers CDS and provider education might be an effective tool to increase
PrEP prescribing among pediatric providers.
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Background and Significance

In 2018, 41% of new human immunodeficiency virus (HIV)
diagnoses in the United States were among adolescents and
young adults under the age of 30 years, with over half of
those occurring inyouth under the age of 25 years.1 Similarly,
in California, 40% of newHIV cases were in individuals under
30 years with half occurring in youth under the age of 25 and
disproportionately affecting sexual, gender, and racial/eth-
nic minorities.2

HIV pre-exposure prophylaxis (PrEP) has been shown to be
highly effective for preventing HIV, reducing the risk of sexual
transmission by approximately 99% when taken daily.3 Since
the United States Food and Drug Administration (FDA) ap-
proved PrEP for adults in 2012, epidemiological evidence has
shown an association between increases in PrEP uptake and
significantly lower HIV incidence in the United States.4 In
May 2018, the FDA approved PrEP for adolescents.5 At this
time in California, adolescents represent the group with the
greatestunmetPrEPneed, calculatedas thelowest ratioofPrEP
users to newHIV diagnoses.6 Comparedwith all age groups in
2018, youth aged 16 to 24 years had the lowest PrEP coverage
rate, with only 11.4% of persons with indications for HIV
prophylaxis being prescribed PrEP.7

Lack of provider training and education about PrEP has
been repeatedly identified as one of the biggest barriers to
prescribing.8–11 In one study surveying primary care pro-
viders, only one-third of providers reported any HIV-related
training.8 Studies have also found additional provider- and
systems-level barriers to adolescent PrEP prescribing includ-
ing: insufficient time and staff required for PrEP initiation
and follow-up, lack of access to PrEP experts, lack of support-
ive electronic health record (EHR) workflows, confidentiality
concerns, and cost and insurance coverage.8–11 However,
studies have found that even minimal on-the-job training
can help overcome knowledge and self-efficacy barriers.12,13

Current literature has identified the need for more inter-
ventions to address these barriers.8,9,11

Previous studies evaluating the effect of an EHR-based
clinical decision support (CDS) alert on provider practices
have demonstratedmixed results.14–24 Studies have previous-
ly shownboth evidence of electronic alerts impacting clinician
practice,16–20,23,24 aswell as unsuccessfully changing provider
behavior.15,21 Specific to HIV screening, EHR-based CDS sys-
tems have been shown to successfully increase rates of HIV
screening in various settings including primary care and
emergencymedicine.25–27Qualitativedataevaluatingprimary
care provider preferences for PrEP-specific support demon-
strated that PrEP-inexperienced providers were particularly
interested in CDS systems and access to PrEP-experienced
providers for expert advice or referrals.28 To our knowledge,
therehave been no studies evaluating the use of a CDS alert for
PrEP among pediatric and adolescent providers.

Objectives

The purpose of this studywas to evaluate provider utilization
of a PrEP CDS alert in a large academic-community pediatric

network and assess the association of the alert with PrEP
prescribing rates. We hypothesized that PrEP prescription
rates would increase after implementation of the PrEP CDS
alert compared with the same time period prior to alert
implementation.

Methods

Setting and Participants
This study was conducted at Stanford Children’s Health,
which includes Lucile Packard Children’s Hospital Stanford
and over 60 additional clinical service locations for specialty
and general pediatric care. The network includes over 120
pediatric primary care providers serving in 25 clinic loca-
tions in the San Francisco Bay Area. All providers within the
network use an Epic29 EHR system for patient care and
documentation.

Intervention
The intervention went live December 1, 2019 (►Fig. 1). We
modified outpatient HIV testing orders in Epic29 for patients
13 years and older to include a hard-stop question that read:
“Is the patient eligible for PrEP?” We removed the CDS alert
prompt from transplant, obstetrics, and reproductive endo-
crinology clinics, as HIV testing in these settings were part of
routine workups instead of targeted to sexual behaviors.

After 6 months, we chose to change the hard-stop ques-
tion to: “Would this patient benefit from PrEP (a safe, daily
pill to reduce HIV risk by approximately 99%?)” This change
was in response to receiving unnecessary early referrals for
patients whowere being tested for reasons other than sexual
behaviors such as patients receiving care for transplant. The
purpose of this change was to provide a definition for “PrEP
eligibility” to clinicians whomay not have been familiar with
PrEP prior to seeing the CDS prompt.

By using a hard-stop question, ordering providers could
not continue with their HIV test order without selecting an
answer among the given options. Providers could select one
out of four possible responses: “Yes,” “No,” “Not sure,” or
“Already on PrEP.” If providers selected “No” or “Already on
PrEP,” no further action was required upon signing the HIV
test order. If providers selected “Yes” or “Not sure,” the CDS
would launch. Providers would then be given the option to
(1) open a PrEP standardized order set to facilitate ordering
the appropriate laboratories, medication, patient education,
and follow-up, (2) refer the patient to an internal pool of
specialized “PrEP providers,” and/or (3) receive a 15-minute
educational module sent directly to their EHRmessage inbox
that could be completed at any time. Providers could also
accept the CDS with no action or cancel the CDS without
taking any further action.

Outcomes
Provider response to and utilization of the PrEP CDS alert
were of primary interest. Therefore, the study assessed the
proportion of “Yes” versus “Not sure” answers to the CDS
prompt that launched the PrEP CDS. We also quantitatively
evaluated provider choice to use the PrEP order set, refer to a
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PrEP provider, and/or receive the educational module. Be-
cause providers may launch the CDS alert on multiple
occasions, this study evaluated provider CDS alert response
and utilization for first launch for each provider included in
the analysis as well as total CDS alert launches.

We also evaluated PrEP prescription rates among primary
care pediatric and adolescent providers in the first year
following the CDS alert intervention going live compared
with the year prior. This was defined as the number of new
PrEP prescriptions over the number of distinct patients aged

Fig. 1 Modified workflow for HIV test orders in patients 13 years and older to include PrEP clinical decision support (CDS) alert. CDS, clinical
decision support; PrEP, exposure prophylaxis; HIV, human immunodeficiency virus.
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13 to 25 years seen in primary care clinics during the study
time period.

Data Collection
For CDS alert responses and follow-up actions, the unit of
analysis was individual CDS alert launches. In some instan-
ces, the alert appeared to be firing multiple times in short
succession, likely due to providers re-entering or editing HIV
orders or attempting to choose different or additional CDS
alert follow-up actions. Therefore, we defined duplicates as
CDS alert launches that occurred in the same location, from
the same provider, and for the same patient within a 24-hour
period. When CDS alert launches were duplicated but with
different follow-up actions taken in different launches, all
the different action choices were aggregated and recorded
together under a single CDS alert launch record.

All prescribing data were obtained from the Stanford
Research Repository (STARR) utilizing EHR data. For PrEP
prescriptions, the unit of analysis was individual outpatient
PrEP prescriptions written by providers in primary care
settings for patients aged13 to25years betweenDecember1,
2018 and November 30, 2020. PrEP prescriptions that were
refills were excluded. For the total number of patients, the
unit of analysis was distinct patients aged 13 to 25 years seen
at a Stanford Children’s primary care site between Decem-
ber 1, 2018 and November 30, 2020.

Statistical Analysis
A frequency analysis was done to evaluate provider response
to thehard-stop CDS prompt aswell as provider launch of the
PrEP order set, referral to a PrEP provider, and/or choice to
receive the educational module. This was done for both first
launches for distinct providers and total CDS alert launches.
Additional frequency analyses were done with first launches
to describe any change in provider CDS follow-up actions
with duplicate launches and to evaluate changes in provider
responses after altering the CDS alert prompt wording.

To calculate the proportion of new PrEP prescriptions to
adolescent and young adult primary care patients, a denom-
inator of all distinct primary care patients aged 13 to 25 years
in the Stanford Children’s Health outpatient network was

used. The proportions of new PrEP prescriptions for Decem-
ber 1, 2018 through November 30, 2019 and for December 1,
2019 through November 30, 2020 were compared using
Fisher’s exact test.

Statistical analyses were done using Stata 15.1. This study
was approved by the Stanford University Institutional Re-
view Board. Data were analyzed from December 2020 to
January 2021.

Results

Provider CDS Alert Response and Utilization
In the first year of the CDS alert going live, the alert launched
244 times. 117 alerts remained after removing duplicates
during the same encounter and erroneous launches occur-
ring outside of pediatric clinics in transplant, obstetrics, and
reproductive endocrinology clinics. After excluding 14 alerts
launched by non-providers such as registered nurses and
laboratory technician staff, 103 alerts were included in the
analysis launched by 56 distinct pediatric and adolescent
providers.

For the 56 providers exposed to the CDS alert interven-
tion, we analyzed data from their first launch of the alert
(►Table 1). When responding to the alert prompt, 70%
(n¼39) of providers indicated that they were not sure if
their patient would benefit from PrEP. Of the 56 providers,
54% (n¼30) chose at least one of the follow-up actions with
all but one (n¼29) choosing to request the PrEP educational
module. Nine percent (n¼5) resulted in providers opening
the standardized order set, and 5% (n¼3) resulted in internal
referrals to a PrEP specialist. Providers took no action in 38%
(n¼21) of encounters, and the alert was canceled in 9%
(n¼5) of encounters.

Among the 56 first launches, in 18 instances, there were
duplicate launches by providers for the same encounter. Of
these, seven providers (all of whom initially canceled the CDS
alert) changed their follow-up actions with one choosing to
subsequently refer to a PrEP specialist, one requesting the
educational module, and the rest accepting the alert with no
further action. In the first 6 months prior to changing the
wording of the CDS alert prompt, 32 providers launched the

Table 1 First time launch clinical decision support (CDS) alert prompt response and follow-up actions

CDS alert prompt response

“Would this patient benefit from PrEP (a safe, daily pill to reduce HIV risk by approximately 99%)?”

Total responses (n¼56) Not sure (n¼ 39) Yes (n¼ 17)

CDS alert selection n (%) n (% Total) n (% Total)

Follow-up action takena 30 (54) 18 (32) 12 (21)

PrEP education module 29 (52) 17 (30) 12 (21)

PrEP order set 5 (9) 0 (0) 5 (9)

Referral to PrEP specialist 3 (5) 3 (5) 0 (0)

No action taken 21 (38) 16 (29) 5 (9)

Cancel CDS alert 5 (9) 5 (9) 0 (0)

Abbreviations: CDS, clinical decision support; HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis.
aProviders can pick more than one follow-up action when choosing the education module, order set, or referral to PrEP specialist.
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CDS tool, of which 56% (n¼18) responded “Not Sure” and
44% (n¼14) responded “Yes.” After changing the CDS alert
prompt wording, 24 providers launched the CDS tool, of
which 88% (n¼21) responded “Not Sure” and 12% (n¼3)
responded “Yes.”

In analyzing total CDS alert launches, multiple launches
from the same providers were included (►Table 2). When
providers responded to the alert prompt, in 58% (n¼60) of
alerts, providers indicated that they were not sure if their
patient would benefit from PrEP. Of the 103 alerts, 36%
(n¼37) resulted in providers requesting the PrEP education-
al module, 9% (n¼9) resulted in providers opening the
standardized order set, and 5% (n¼5) resulted in internal
referrals to a PrEP specialist. Providers took no action in 49%
(n¼50) of alerts, and the alert was canceled in 10% (n¼10)
of instances.

PrEP Prescribing Rates
During the pre-intervention period from December 1, 2018
through November 30, 2019, there were a total of 30,040
patients aged 13 to 25 years seen at Stanford Children’s
Health primary care sites. Of these patients, seven were
prescribed PrEP (rate of 2.3 new prescriptions per 10,000
patients). During the post-intervention period from Decem-
ber 1, 2019 through November 30, 2020, therewere a total of
27,335 patients between 13 and 25 years of age seen at
primary care sites. Of these patients, 18were prescribed PrEP
(rate of 6.6 new prescriptions per 10,000 patients, p¼0.02).
Among the 18 PrEP initiations, 22% (n¼4) were signed
through the CDS PrEP order set, and 67% (n¼12) were
prescribed by pediatric providers after being exposed to
the CDS alert.

Discussion

This study examined pediatric provider utilization of a CDS
tool in the form of a PrEP CDS alert that included an
education module, order set guidance, and referral options,
and the association of the alert with provider prescribing
rates. Among first time users of the CDS alert, over half the
providers chose at least one follow-up action, all of which

included sending a PrEP education module to their EHR
message inbox. Additionally, provider prescribing rates
more than doubled in the first year post-intervention com-
pared with 1 year pre-intervention with two-thirds of PrEP
prescriptions in the year post-intervention written by pro-
viders who had previously seen the CDS alert.

For first-time users of the CDS alert, nearly seven out of
every ten providers indicated that they were unsure if their
patients were eligible for or would benefit from PrEP. This
suggests a knowledge gap among pediatric providers in
identifying patients who would benefit from PrEP. This is
consistent with previous studies that have found a lack of
provider training and education to recommend or prescribe
PrEP.8–11 A previous study surveying members of an adoles-
cent-focused health professional society demonstrated high
awareness of PrEP among adolescent providers.30 Our study
is unique in evaluating PrEP knowledge among pediatric
primary care providers and suggests a large PrEP educational
need among providers who focus on the care of youth. Our
PrEP CDS alert aimed to offer an immediate just-in-time
educational opportunity and CDS to pediatric providers who
may not be aware of PrEP.

Among first time users of the CDS alert, over half of the
providers chose to take one of the follow-up actions, almost
all of which included requesting the educational module to
be delivered to their EHRmessage inbox. This suggests that a
CDS alert may be an effective way to offer PrEP training and
educational opportunities to pediatric providers. Addition-
ally, providers chose to utilize real-time PrEP CDSwith either
the PrEP standardized order set or a referral to a PrEP
specialist in 13% of cases. When evaluating total CDS
launches, providers continued to use the CDS tools at the
same rate as first time users.

Previous studies have shown that clinicians may experi-
ence alert fatigue if they feel inundatedwith alerts that are of
low perceived relevance or significance.31–34 In primary care
settings, up to 91% of alerts relating to drug safety were
overridden by providers.31–34 In comparison, our PrEP CDS
alert was only canceled 11% of the time among bothfirst time
and total encounters and no action was taken in 38 and 49%
of first time and total encounters, respectively.

Table 2 Total provider clinical decision support (CDS) alert prompt response and follow-up actions

CDS alert prompt response

“Would this patient benefit from PrEP (a safe, daily pill to reduce HIV risk by approximately 99%)?”

Total responses (n¼103) Not sure (n¼60) Yes (n¼ 43)

CDS alert selection n (%) n (% Total) n (% Total)

Follow-up action takena 42 (41) 22 (21) 20 (19)

PrEP education module 37 (36) 21 (20) 16 (16)

PrEP order set 9 (9) 0 (0) 9 (9)

Referral to PrEP specialist 5 (5) 4 (4) 1 (1)

No action taken 50 (49) 29 (28) 21 (20)

Cancel CDS alert 10 (10) 8 (8) 2 (2)

Abbreviations: CDS, clinical decision support; HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis.
aProviders can pick more than one follow-up action when choosing the education module, order set, or referral to PrEP specialist.
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We also examined the association between the CDS alert
and PrEP prescription rates among providers. Findings sug-
gest that a hard-stop electronic alert that offers CDS tools and
provider education may be effective in increasing PrEP
prescribing. This study adds to a body of previous literature
that demonstrated mixed outcomes regarding the effective-
ness of electronic alerts to impact provider behavior.14–22

This is also the first study to evaluate use of a CDS alert for
HIV PrEP in a pediatric setting.

There are several limitations to our study that warrant
consideration. While we were able to evaluate provider CDS
alert actions, this study did not include follow-up data to
determine if providers completed their chosen actions (i.e.,
reviewed the educational module). If providers did not
complete their follow-up actions, our study would overesti-
mate true CDS alert utilization. Conversely, we may be
underestimating the educational impact of the CDS alert
on provider PrEP knowledge, as being exposed to the alert
prompt alone may increase PrEP awareness and education
even if no follow-up action is taken. By using a pre-interven-
tion time period for historical control, it is feasible that other
factors other than the introduction of the PrEP CDS alert
contributed to our findings. For example, targeted institu-
tional PrEP education during the post-intervention time
period may have impacted PrEP prescribing in addition to
the effect of the PrEP CDS alert. Therewas also a disruption in
patient care due to the Severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) pandemic during our study
period. Adolescent and young adult visit volume in our
pediatric network was lower in the year following the CDS
alert going live than in previous years. Prior evidence has
shown a significant reduction in PrEP initiation during the
pandemic.35 Therefore, it is possible that there was a similar
impact on PrEP prescribing in our study population during
this time that would require further study to determine. This
study was conducted at a single institution, which may limit
generalizability of the findings.

Conclusion

This study suggests that a hard-stop CDS alert prompt within
an HIV test order can be a potential tool to offer PrEP
education opportunities to pediatric providers and support
increased youth PrEP prescribing. Additional studies are
needed to evaluate acceptability of this intervention among
clinicians. Further studies with longer follow-up should also
be done to determine longer term effects on provider pre-
scribing behavior. Our PrEP CDS alert can be applied to other
academic and community health care systems to offer an
immediate just-in-time educational opportunity and CDS to
pediatric providers who may not be aware of PrEP.

Clinical Relevance Statement

Lackof provider training about PrEP is a substantial barrier to
prescribing, particularly among pediatric providers. We
found that an electronic CDS alert that offers real-time
clinician support and education may be an effective way to

offer PrEP education to providers and increase prescribing
among pediatric providers.

Multiple Choice Questions

1. In this study, what was the most common response to the
CDS alert prompt, “Would this patient benefit from PrEP
(a safe, daily pill to reduce HIV risk by approximately
99%?)”
a. Yes
b. No
c. Not sure
d. Already on PrEP

Correct Answer: The correct answer is option c. Among
first-time users of the PrEP CDS alert, 70% (n¼39) of
providers indicated that theywere not sure if their patient
would benefit from PrEP. This suggests a knowledge gap
among pediatric providers in identifying patients who
would benefit from PrEP.

2. Among first-time launches of the PrEP CDS alert in this
study,whatwas themost commonly selected alert follow-
up action?
a. Take no action.
b. Open a standardized PrEP order set.
c. Refer to an internal PrEP specialist.
d. Receive an education module.

Correct Answer: The correct answer is d. In this study, 56
providers were exposed to the CDS alert intervention.
When evaluating these providers’ first experiences with
the CDS alert, 54% (n¼30) resulted in providers choosing
at least one of the follow-up actions, all but one of which
included requesting the PrEP educational module. Nine
percent (n¼5) resulted in providers opening the stan-
dardized order set, and 5% (n¼3) resulted in internal
referrals to a PrEP specialist. Providers took no action in
38% (n¼21) of encounters, and the alert was canceled in
11% (n¼6) of encounters.
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