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Abstract

Purpose—The number of individuals who have started a regimen for HIV pre-exposure
prophylaxis (PrEP) in the US is not well characterized, but has been on the rise since 2012. This
analysis assesses the distribution of PrEP use nationally and among subgroups.

Methods—A validated algorithm quantifying TDF/FTC for PrEP in the US was applied to a
national prescription database to determine the quarterly prevalence of PrEP use. HIV diagnoses
from 2016 were used as an epidemiological proxy for PrEP need. The PrEP-to-need ratio (PnR)
was defined as the number of PrEP users divided by new HIV diagnoses.

Results—A total of 70,395 individuals used PrEP in Q4 2017: 67,166 males and 3,229 females.
Nationally, prevalence of PrEP use was 26/100,000 (range across states per 100,000 [RAS/100k]:
4-73) and the PnR was 1.8 (RAS: 0.5-6.6). Prevalence of PrEP use among males and females,
respectively, was 50/100,000 and 2/100,000 (RAS/100k: 7-143 and 0.3-7) and PnR was 2.1 and
0.4 (RAS: 0.6-7.1 and 0.1-4.0). Prevalence of PrEP use was lowest among individuals <24 and
=55 (15/100,000 and 6/100,000, RAS/100k: 1-45 and 0.4-14), with PnR 0.9 and 1.5 (RAS: 0.2
5.6 and 0.3-7.0). The Northeast had the highest PnR (3.3); the South had the lowest (1.0). States
with Medicaid expansion had more than double the PnR than states without expansion.
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Conclusions—Available data suggest that females, individuals <24, and residents of the South
had lower levels of PrEP use relative to epidemic need. These results are ecological, and
misclassification may attenuate results. PnR is useful for future assessments of HIV prevention
strategy uptake.
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Introduction

Pre-exposure prophylaxis (PrEP) for human immunodeficiency virus (HIV) in the form of
daily tenofovir disoproxil fumarate/emtricitabine (TDF/FTC) is highly effective in reducing
HIV transmission. For men who have sex with men (MSM), PrEP reduced HIV transmission
by 44% among those assigned to the PrEP arm in a clinical trial,! with a 96% reduction in
transmission among those estimated to be taking four doses per week and 99% reduction
among those taking seven doses per week.2 A meta-analysis of seven clinical trials among
women found a 36% reduction in HIV transmission, and this increased to a 61% reduction
in transmission for those with 75% adherence or greater.3 In a clinical trial of injection drug
users, PrEP reduced HIV transmission by 49% overall,* with a 56% reduction in
transmission for those with >70% adherence.® PrEP has also been shown to provide
substantial protection against HIV transmission in open-label study® and in clinical practice
settings.”8

To determine the need for PrEP use in a particular group of individuals, the World Health
Organization (WHO) uses a ‘substantial risk’ threshold at the group level, considering a
threshold of HIV incidence greater than 3 per 100 persons annually to indicate all
individuals in the group for PrEP.2 Although this is a simple and useful criterion, incidence
data may not always be available for all relevant groups. The US Centers for Disease
Control and Prevention (CDC) uses a ‘substantial risk’ threshold at the individual level,
basing threshold guidance on sexual risk history data and laboratory tests that can be
collected for individual patients.10 CDC criteria for PrEP indications were developed based
on risk score indices, PrEP clinical trial data, and epidemiological study data.19 Application
of these screening criteria led to a CDC estimate that 1.2 million individuals in the US are
eligible for PrEP: 492,000 MSM, 468,000 female heterosexuals, 157,000 male
heterosexuals, and 115,000 adults who inject drugs.1!

Two previous studies have estimated the number of individuals on PrEP in the US using
aggregated PrEP prescription data. Based on a definition of = 1 TDF/FTC prescription for
PrEP in a year, one study estimated that the national prevalence of prescriptions was 765 in
2012 and 9,375 in 2014.12 These estimates relied on prescription data covering 40 million
commercially-insured individuals, and the assumption that PrEP uptake among those
individuals in the database was representative of PrEP uptake nationally. Using a definition
of = 1 TDF/FTC prescription for PrEP by unique individuals, others have previously
reported estimated total cumulative PrEP ‘starts’ as 5,853 in 2012, 28,517 in 2014, and
98,732 in 2016.13 By the end of 2017, the cumulative number of individuals starting PrEP
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prescriptions since 2012 was estimated to be 140,000.13 Data for these estimates came from
a national data aggregator estimated to cover over 80% of PrEP prescriptions. Both of these
studies identified lower levels of PrEP prescription among women and younger individuals.

A combination of the methods used in each of these two different studies could be optimal to
estimate the number of individuals potentially receiving PrEP protection: using a national
database that better represents the totality of individuals in the United States and a
prevalence estimate reflective of current levels of PrEP prescriptions. This study provides a
national estimate for PrEP use in a period, defined as =1 day of prescribed TDF/FTC for
PrEP in the fourth quarter of 2017 (Q4 2017). Data for this analysis are from a prescription
database with greater coverage than previous analyses,13 with the current database estimated
to substantially represent population-level PrEP user data.14 We selected a three-month
period to match the usual maximum length of a single PrEP prescription period. We explore
these data by gender, age, region, district, and state. We assess the number of PrEP users per
population and number of PrEP users divided by the number of individuals newly diagnosed
with HIV, which we term the ‘PrEP-toneed’ ratio (PnR).

This is a cross-sectional study of population-level data to describe the distribution of PrEP
users and PnR in the fourth quarter of year 2017 (Q4 2017) in the United States’ 50 states,
District of Columbia, and Puerto Rico.

Data sources and definitions

Deidentified state-level data regarding the number of PrEP users were obtained from a
national health data company that aggregates clinic, patient, and provider data (Source
Healthcare Analytics, SHA). SHA patient-level prescription data provided for this analysis
are from over 54,000 pharmacies, 1,500 hospitals, 800 outpatient facilities, and 80,000
physician practices, with payment types including commercial plans, Medicare Part D, cash,
assistance programs, and Medicaid. Closed healthcare systems and those that chose not to
share their data with SHA are not included in the database. All patient-level prescription
data and medical insurance claims data were de-identified.

Methods used to determine periods of unique persons’ exposure to medication (drug
exposure period per person) have been described and validated elsewhere,1® and are similar
to methods previously published.12 In brief, the duration of TDF/FTC course per PrEP user
was determined by adding up subsequent prescription renewals. Using medical procedure
and diagnosis codes in the deidentified claims database, drug exposure periods were
classified as either: PrEP, post-exposure prophylaxis, HIV treatment, chronic hepatitis B
management, or unclassified. Approximately 28% of TDF/FTC drug exposure periods were
unclassified due to insufficient medical procedure or diagnosis code data. These were
excluded from the present analysis. Demographic data for individuals in the unclassified
group were not substantially different than demographic data for individuals with classified
prescriptions included in the present analysis. A sensitivity analysis was conducted to
explore the implications of excluding unclassified individuals from the present analysis.
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Patient-level data available in the dataset included age, gender, and state of residence. Race
was not available in the commercial dataset.

HIV case surveillance data for 2016 were obtained from AIDSVu.org at the state-level by
age and gender.1® Medicaid expansion under the Affordable Care Act was defined as states
that have adopted the expansion of Medicaid eligibility to people with annual incomes below
138% of the federal poverty level; our analysis is from data available in 2018, with 33 states
including DC having expanded Medicaid.1” States’ policy on Medicaid coverage of routine
HIV screening versus coverage for medically necessary HIV testing only! was based on a
survey of state Medicaid coverage of adult preventive services published in 2014.18

Population estimates were obtained from National Historical Geographic Information
System (NHGIS) based on the American Community surveys (ACS) provided by the US
census Bureau.1® Data from the 2016 US Census were used to obtain state-level population
estimates by age and gender, and to allow for division of states into quartiles of poverty,
percent uninsured, and concentrations of African-American and Hispanic populations.29 To
establish quartiles, the 50 states and District of Columbia and Puerto Rico were classified
into four categories using quartile cut-offs corresponding to each of the variables of interest.
Prevalence of PrEP use and new HIV diagnoses per 100,000 population and PnR were
calculated for each of the quartiles (four state/area groups of n=13 each) for poverty, percent
uninsured, and percent African American and Hispanic. For poverty we used 2016 US
Census Bureau data, and its measure which defines poverty as three times the cost of a
minimum food diet. For a single individual household under 65 years the poverty line was
$12,486, and for a household of four the poverty line was $24,755.21 For percent uninsured,
we used 2016 US Census Bureau data, and its measure that considers an individual insured
if they were covered by any type of private or government insurance for any part of the
previous year.22 PrEP clinic data were obtained from PrEP Locator, a national database of
PrEP-prescribing clinics.23-25

Number of PrEP users, prevalence of PrEP use, and the PrEP-to-need ratio (PnR)

PrEP use period was defined as =1 day of TDF/FTC prescribed for PrEP for a unique person
in a time period, which for this study is the three-month period from October 1, 2017 to
December 31, 2017 (Q4 2017). For TDF/FTC to be classified as PrEP for an interval, an
individual would need a TDF/FTC prescription for PrEP and to have at least one of those
prescription days fall in the three-month period. Prevalence of PrEP use was defined as the
number of PrEP users per 100,000 population aged over 13 years in a given geographic area.
Epidemiological need, best estimated by HIV incidence, is instead estimated based on new
HIV diagnoses because national incidence data is not available. To compare the relative
levels of PrEP provision to the underlying epidemiological need, PnR was defined as the
ratio of the number of PrEP users to the number of new HIV diagnoses for a given
geographic area and/or population. PnR is limited in that it is an ecological construct that
does not assess, on an individual level, whether PrEP is being appropriately targeted to those

1The 16 states in which Medicaid covers only medically necessary HIV testing (and not general screening) are: Alabama, Arizona,
Arkansas, Florida, Georgia, Indiana, lowa, Maine, Maryland, Michigan, Mississippi, Nebraska, South Carolina, South Dakota, Utah,

and Virginia.
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in need. Instead, the construct of PnR is used to explore disparities in provision across
geographic areas and available demographic categories.

Descriptive statistics were used to explore state-level data regarding PrEP use, an ecological
analysis. The number of PrEP users per 100,000 population were estimated for each state,
census region, gender, and age group. PnRs were calculated overall and for each age group
to compare the number of PrEP users in Q4 of 2017 to the group-specific number of HIV
diagnoses in 2016. Significance testing for differences was not conducted because the data
are not based on a sample, but instead approximate population-data, which violates variance
and confidence interval assumptions. Lorenz curves were used to display disparities in PrEP
uptake at the national level. All data analysis was conducted in SAS 9.4 and R 3.4.3. (Cary,
NC).

A total of 70,395 unique individuals used TDF/FTC for PrEP in the fourth quarter of 2017
(Table 1). Nationally, the prevalence of PrEP use was 25.8/100,000 (range across states per
100,000 [RAS/100k]: 3.7-72.6) and the PnR was 1.8 (RAS: 0.5-6.6). This PnR can be
interpreted as follows: for each one new HIV diagnosis, there were 1.8 PrEP users. By
region, the Northeast accounted for 20,881 (30%) of PrEP use with a PnR of 3.3, the South
21,430 (30%) with a PnR of 1.0, the West 16,091 (23%) with a PnR of 2.1, and the Midwest
11,963 (17%) with a PnR of 2.4. Prevalence of PrEP use at the division level ranged from
14.2/100,000 population in the East South Central division to 47.3/100,000 in the Mid-
Atlantic division. PnRs were similar among divisions within each region, indicating
consistency in the ratio of PrEP use to epidemic need at the region level.

The PnR was higher in states that have expanded Medicaid under the Affordable Care Act
(PnR=2.4) compared to states without expansion (PnR=1.1) (Table 1). Similarly, states in
which Medicaid covered routine HIV screening costs had higher PnRs (2.1) than states
without coverage (1.1). States in the highest quartile of proportion of residents living in
poverty had lower prevalence of PrEP use (15.4/100,000) and PnR (1.0) than states in the
lowest quartile (22.0/100,000 and 2.1). Similarly, states in the highest quartile of proportion
of residents without insurance had lower prevalence of PrEP use (17.1/100,000) and PnR
(0.9) than states in the lowest quartile (21.4/100,000 and 2.9). States with the highest
quartiles of African American resident concentration had higher prevalence of PrEP use
(32.7/100,000) but lower PnRs (1.5) than states in the lowest quartile (15.7/100,000 and
3.0).

There were 3,229 female PrEP users and 67,166 male PrEP users (Table 2). Prevalence of
PrEP use was substantially lower for females (2.3/100,000) than for males (50.3/100,000)
(RAS/100k: 0.3-7.3 and 7.4-143.2, respectively). The PnR was more than 5 times lower for
females (0.4) than males (2.1) (RAS: 0.1-4.0 and 0.6-7.1, respectively). Lower levels of
prevalence of PrEP use and PnRs for females were observed across all regions. Nationally,
by age group, there were 7,990 PrEP users aged <24 years; 27,556 PrEP users aged 25-34;
16,991 PrEP users aged 35-44; 12,121 PrEP users aged 45-54; and 5,774 PrEP users aged =
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55 (Table 3). The prevalence of PrEP use was lowest among individuals aged <24
(15.2/100,000) and =55 (6.3/100,000) (RAS/100k: 1.1-45.3 and 0.4-14.0, respectively) and
the PnR was 0.9 and 1.5, respectively (RAS: 0.2-5.6 and 0.3-7.0). The prevalence of PrEP
use was highest among individuals aged 24-35 i.e. 61.5/100,000 (RAS/100k: 6.2-184.1) and
PnR=2.0 (RAS: 0.5-6.7)

Lorenz curves, a technique to assess the distribution of health-related outcomes in a
population,26-28 were used to illustrate disparities in PrEP use (Figures 1 and 2). Lorenz
curves are compared to a 45-degree ‘line of equality’ that indicates perfectly equal
distribution of the outcome. The level of the Lorenz curve’s deviation from the line of
equality indicates the degree of inequality, which is frequently described in a single ‘gini’
coefficient that ranges from 0 (perfect equality) to 1 (perfect inequality).2® In Figure 1, the
Lorenz curve represents the distribution of the cumulative percentage of PrEP users (the
health outcome of interest, y-axis) as a function of the cumulative percentage of the total US
population (x-axis). The total US population is ordered by state ranking, with states arranged
from the lowest prevalence of PrEP use to the highest prevalence of PrEP use. Low PrEP use
prevalence states that comprise 20% of the US population accounted for only 9% of PrEP
users. Lower- and moderate-PrEP use prevalence states that comprise 60% of the US
population accounted for 40% of PrEP users. The gini coefficient was 0.29.

Figure 2 presents PrEP users as a function of the cumulative percentage of persons
diagnosed with HIV in 2016, ordered by state ranking of PnR. Low PnR states that
accounted for 20% of new HIV diagnoses in 2016 had only 8% of PrEP users. Lower- and
moderate-PnR states that accounted for 60% of new HIV diagnoses in 2016 accounted for
only 35% of PrEP users. The gini coefficient was 0.33.

State-level data regarding prevalence of PrEP use and PnRs are presented in Table 4,
classified by census division and region. Prevalence of PrEP use ranged from a low of
3.7/100,000 in Wyoming to a high of 72.6/100,000 in New York. The median number of
PrEP users per publicly-listed PrEP clinics among states was 45.0, with a range of 3.5 to
372. PnRs ranged from a low of 0.5 in South Carolina to a high of 6.6 in Vermont. Puerto
Rico had low prevalence of PrEP use and PnRs. Maps of state-level data (Figure 3) show
lowest levels of prevalence of PrEP use in the center of the country. However, the lowest
PnRs were concentrated in Southern states.

To explore the impact of limitations in the dataset, we conducted a sensitivity analysis for
the number of national PrEP users in the fourth quarter of 2017 (Table 5). We did this by
varying plausible ranges of values for the proportion of unclassified Truvada monotherapy in
the SHA database that are used for PrEP and the proportion of Truvada prescriptions that are
not captured in the SHA database. This analysis yielded a range of 70,395-140,309
individuals using PrEP in the quarter, with a best estimate of 118,249.

Discussion

This study is the first to present the number of individuals using PrEP in a quarter, defined as
> 1 day of prescribed TDF/FTC for PrEP in a three-month period. The national estimate of
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the number of PrEP users was 70,395 in the fourth quarter of 2017. Our sensitivity analysis
had a best point estimate of 118,249. Both figures are less than the estimated 140,000
cumulative PrEP starts since 201213 and considerably higher than the estimated 9,375 total
PrEP users in 2014.12 This difference is meaningful because, assuming that individuals on
PreP are CDC-indicated for PrEP, the best estimate resulting from our sensitivity analysis
suggests that less than 10% of the 1.2 million individuals indicated for PrEP are potentially
receiving protection. The estimates are imperfect: some known limitations in the dataset lead
to underestimation, such as the exclusion of some closed health systems, and other
limitations lead to overestimation, such as the assumption that individuals prescribed PrEP
are those who are indicated for PrEP.

The difference in PrEP use presented here, versus cumulative PrEP starts presented
previously, are expected because individuals may discontinue PrEP care over time.
Substantial discontinuation of PrEP care has been observed in a number of studies, with
differential levels of discontinuation by age, gender, and race.3%-3% Data from the present
study indicate a need to continue research into discontinuation of PrEP care, including
development of a better understanding of potential determinants of discontinuation. It is
important to understand whether or not the cessation of PrEP generally corresponds with
cessation of periods of epidemiological risk. Further, there is a need to characterize when,
and for what reason, individuals cycle into and out of PrEP care.

The prevalence of PrEP use was over an order of magnitude lower for women than for men.
Although the HIV epidemic in the US is concentrated among MSM, the PnR is standardized
to levels of new HIV diagnoses, and for women is less than one-fifth the PnR for men. This
may indicate unmet need in HIV prevention in women, and further analyses exploring this
finding in light of PrEP indication estimates will yield useful information. PnRs were also
lower among youth aged <24 years; addressing PrEP in this group is particularly important
because those aged 13-24 accounted for 21% of new HIV diagnoses in 2016.16 Research
and programs to effectively bring PrEP to scale among younger and female populations are
therefore especially critical.

The South region accounted for nearly 50% of new HIV diagnoses in the US in 2016, but
the region had lower prevalence of PrEP use than the Northeast and West and a similar level
of prevalence of PrEP use to the Midwest. This results in a PnR for the South that is half of
the next lowest region. States in the highest quartiles of the percent of the population living
in poverty, percent uninsured, and percent of residents being African American had lower
PnR. Viewed through more traditional metrics such as prevalence of PrEP use, the disparity
in care access is less clear, indicating utility of the ratio. Multilevel interventions that address
areas along the HIV prevention continuum are needed to address disparities in PrEP access,
36 particularly in states with less advantaged or more at-risk populations such as those in the
South region.

This analysis is subject to a number of limitations. Grouping PrEP users by state policy and
state-level demographic quartiles is an ecological assessment, and does not indicate
causation. In particular, PrEP may accrue to the ‘worried well;” individuals with the highest
epidemiological risk for HIV transmission may not be those receiving PrEP prescriptions.
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37-39 Dye to the ecological nature of the data, comparisons for PrEP-to-need cannot account
for variation across states in the proportion of prescriptions accruing to the ‘worried well,” or
conversely those accruing to individuals at highest risk of transmission. Data on race or
other key variables associated with HIV transmission, although also ecological, would
provide important information, as would individual-level data on payer. A limitation of PnR
is that it is based on HIV diagnoses, and not PrEP indication. This could limit comparisons,
such as those made between women and men for PrEP, due to confounding. CDC’s
determination of PrEP indication is based on behavioral criteria previously associated with
HIV transmission risk, and has been estimated at the national level for some high-risk
populations.1! Future assessments should consider including both PnR and PrEP indication.

Estimates of prescribed PrEP may represent a lower-bound estimate for the overall number
of PrEP users in the fourth quarter of 2017, and the sensitivity analysis we conducted could
provide a more accurate national point estimate. Over one-quarter of all prescriptions in the
SHA database for TDF/FTC had insufficient information in the medical claims to classify as
either prescriptions for HIV PrEP or for other use, e.g. HIV treatment, and were excluded
from this analysis. An assessment of demographic and location data for the unclassified and
classified PrEP users’ groups found them to be similar, indicating that there is likely
minimal bias for the scope of comparisons made within this analysis. The SHA database
does not include closed healthcare systems or health systems that opt to not share their data.
Our sensitivity analysis does not address sub-national estimation problems, such as areas
with higher reliance on closed healthcare systems being more impacted by underestimation
errors than areas without such reliance. For instance, in California where enrollment in
closed healthcare systems such as Kaiser Permanente is common, one study combined self-
report data and clinic records to estimate higher levels of PrEP prescription in 2016 in San
Francisco (12,500)40 than our estimate in the fourth quarter of 2017 for the entire state of
California (8,974). Conversely, some factors would result in inflation of the final estimate of
PrEP users. Any patient prescribed a single day of PrEP in a quarter would be classified in
our dataset as a PrEP user for the period, despite potentially having only a very short period
of use. Moreover, classifying an individual filling a PrEP prescription as a ‘PrEP user’
requires an assumption of adherence that is unlikely to apply to all individuals. Despite these
limitations, we believe that this analysis provides a meaningful assessment of the current
state of PrEP use overall, and by geographical and demographic categories.

Data for PnR were based on new HIV diagnoses, which do not necessarily represent incident
HIV cases. For the PnR, the numerator (number of PrEP users) could influence the
denominator (new HIV diagnoses). Modeling data through the PRISM Health PrEP
Guidelines web modeling tool*! indicate that this impact is likely limited; compared to a
baseline scale-up scenario of 10% PrEP coverage, a scale-up scenario of 30% PrEP coverage
reduces HIV incidence over a ten-year period by an estimated 25%. The more modest
current provision of PrEP therefore has little substantial impact on new HIV diagnoses, but,
if PrEP is brought to greater scale, the PnR calculation may benefit from further refinement.
Another limitation is that we do not know the underlying HIV transmission risk profiles for
individuals using PrEP, and these individuals may not be those at highest or even at
substantial risk for HIV transmission.
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This study estimates that less than 10% of those behaviorally indicated for PrEP by CDC are
potentially receiving PrEP protection, demonstrating a need to scale-up PrEP among all
groups and in all regions. PrEP is a relatively new intervention, receiving FDA approval in
2012, and while this estimate of targeted coverage is lower than some previous estimates, it
is an encouraging start. To provide more substantive information regarding success of PrEP
scale-up programs, future research should investigate PrEP provision at more detailed
geographic levels, such as the county, and should include other key demographic variables,
such as race/ethnicity, and more nuanced assessments of HIV risk. State-level policies, such
as Medicaid expansion and the use of public programs to cover PrEP with minimal access
barriers, should be considered as factors that influence TDF/FTC for PrEP uptake. As
programs seek to continue the scale-up of PrEP, disparities in coverage documented in this
study should be addressed. Specifically, PrEP programs should target young individuals at
high risk for HIV transmission, at-risk women of all ages, and the Southern US.
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