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Abstract
Introduction: Persistence on preexposure prophylaxis for HIV prevention (PrEP) medication has rarely been reported for peri-
ods greater than one year, or in real-world settings. This study used pharmacy fill records for PrEP users from a national chain
pharmacy to describe persistence on PrEP medication over a two-year period, and to explore correlates with PrEP medication
persistence in a real-world setting.
Methods: We analysed de-identified pharmacy fill records of 7148 eligible individuals who initiated PrEP in 2015 at a national
chain pharmacy. A standard algorithm was employed to identify TDF-FTC use for PrEP indication. We considered three time
periods for persistence, defined as maintaining refills in PrEP care: year 1 (zero to twelve months), year 2 (thirteen to twenty-
four months) and initiation to year 2 (zero to twenty-four months). Individuals with 16 or more days of TDF-FTC PrEP dis-
pensed in a 1-month period for at least three-quarters of a given time period (e.g. nine of twelve months or eighteen of
twenty-four months) were classified as persistent on PrEP medication for the period.
Results: Persistence was 56% in year 1, 63% in year 2 and 41% from initiation to year 2. Individuals aged 18 to 24 had the
lowest persistence, with 29% from initiation to year 2. Men had higher persistence than women, with 42% compared to 20%
persistent from initiation to year 2. Individuals with commercial insurance and individuals who utilized a community-based spe-
cialty pharmacy from the national chain also had higher persistence. Male gender, age >18 to 24 years, average monthly copay
of $20 or less, commercial insurance, and utilization of a community-based specialty pharmacy were positively associated in
adjusted models with persistence in year 1 and from initiation to year 2; the same correlates, with the exception of utilization
of a community-based specialty pharmacy, were associated with higher persistence in year 2.
Conclusions: We found substantial non-persistence on PrEP medication in both year 1 and year 2. Across the entire 2-year
period, only two out of every five users persisted on PrEP. Demographic, financial and pharmacy factors were associated with
persistence. Further research is needed to explore how social, structural or individual factors may undermine or enhance per-
sistence on PrEP, and to develop interventions to assist persistence on PrEP.
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1 | INTRODUCTION

Preexposure prophylaxis (PrEP) for HIV prevention with daily
oral use of tenofovir disoproxil fumarate and emtricitabine
(TDF-FTC) is well-tolerated and highly effective [1-8]. PrEP is
still relatively new to clinical settings; the United States Food
and Drug Administration approved this combination for HIV
prevention in 2012, and the Centers for Disease Control and
Prevention published clinical practice guidelines in 2014
(updated in 2017), with interim guidelines first published in
2011 [9,10]. Despite ample evidence of effectiveness in

clinical trial settings, there is less known about PrEP use,
adherence and persistence in real-world settings.
Definitions of persistence on PrEP medication are often

based on maintaining all aspects of recommended care per
CDC guidance for the duration of a study period: adequate
adherence to medications, HIV and sexually transmitted infec-
tion (STI) testing every three months, and creatinine testing
every six months [10,11]. Such a definition is useful for clinical
trials, yet is difficult to operationalize with currently available,
population-based datasets. Administrative datasets, such as
those from commercial aggregators, health insurers or
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pharmacies, allow for population-based assessments of persis-
tence in multiple disease states by considering the length of
therapy prior to discontinuation [11-15]. Pharmacy refill data
have been validated as an approach to assess adherence and
persistence on medication [16,17].
To date, a number of clinical trials and demonstration projects

have assessed PrEP efficacy and adherence for periods of time
up to two years, but there have been few clinical trials or clinical
practice studies that analysed PrEP persistence over periods
greater than six months. Evidence from clinical trials indicates
that if participants are retained past an initial period of PrEP
medication use then they are more likely to remain on PrEP.
Longitudinal analyses in the Partners PrEP clinical trial demon-
strated that PrEP medication use remained high throughout the
3-year study period among the 70% of participants who had
high TDF-FTC levels in the first month; in contrast, the 30% of
participants with no- or low-detectable drug levels in the first
month had low or inconsistent PrEP use throughout the study
[18]. The open-label randomized PROUD trial found sufficient
medication was filled for 88% of the total 2-year follow-up time
[7]. Clinical practice evidence indicates substantial non-persis-
tence on PrEP over time, which is associated with demographic
and financial factors. In one clinical practice study of men who
have sex with men (MSM) in three mid-sized U.S. cities, 73%
were persistent at three months and 60% were persistent at six
months; furthermore, insurance status and medication costs
were not found to be significant barriers to persistence [19]. A
follow-up survey of MSM in Miami and San Francisco who had
completed the United States PrEP Demonstration Project four
to six months prior found that only 40% had taken PrEP since
the study’s completion, despite 92% having reported interest in
continuing PrEP. Cost and lack of insurance were the greatest
perceived barriers to accessing PrEP; additionally, being older
than 18 to 25, having health insurance, and being willing to pay
for PrEP were positively associated with accessing PrEP [20].
The objectives of this study are as follows: (1) to describe

persistence on PrEP medication over a 2-year period using
pharmacy refill data from a national pharmacy chain and (2) to
explore correlates with persistence on PrEP.

2 | METHODS

We analysed deidentified data from a simple random sample
of all PrEP users who initiated PrEP in 2015 at one national
chain pharmacy. TDF-FTC prescriptions were identified as
PrEP prescriptions, rather than use for HIV treatment or
post-exposure prophylaxis, if they met the following condi-
tions: (1) at least a 60-day supply of TDF-FTC in 2015 and
(2) antiretroviral monotherapy (e.g. no other antiretroviral pre-
scriptions filled). Individuals aged <18 or who had a PrEP pre-
scription in 2014 were not eligible for the analysis. For each
eligible individual, data were collected for a 24-month period
after PrEP initiation. This sample constituted a substantial pro-
portion of individuals prescribed TDF-FTC for PrEP in the
overall pharmacy dataset. Additionally, during the study per-
iod, the national chain pharmacy had locations in 49 states
and 20 of the most populous cities.
Data for 7148 eligible individuals had information for the

three outcomes of interest: persistence in year 1 (months 0
to 12), persistence in year 2 (months 13 to 24) and

persistence from initiation to year 2 (months 0 to 24). Persis-
tence was defined as having at least 16 days of PrEP medica-
tion filled per 30-day period, starting at the index fill date, for
at least three-quarters of a period (nine months in a twelve-
month period or eighteen months in a twenty-four-month per-
iod). For this analysis, we defined a month as a 30-day period
from the initiation date, as opposed to calendar month. The
periods included year 1, defined as months 0 to 12 after
the index fill date; year 2, defined as months 13 to 24 after
the index fill date; and initiation to year 2, defined as months
0 to 24 after the index fill date. Persons who were not persis-
tent in year 1 were excluded from being persistent in year 2.
We defined persistence thresholds of at least 16 days per
month because dosing at a minimum level of four days per
week has been shown to offer substantial protection [19,21].
An array was used to adjust for overlapping medication supply
and potential stockpiling during the study period.
Variables included in the analysis were derived from admin-

istrative pharmacy claims: demographics (age category and
gender), financial information (average copay per month and
primary payer type), geographic information (driving distance
in miles from individual’s home address to nearest store and
urban/rural status of pharmacy) and pharmacy type. Race/eth-
nicity, gender identity, sexual orientation and income are
known areas of disparities in HIV transmission and in PrEP
uptake; however, this dataset did not contain information on
these key variables. Age was categorized as 18 to 24, 25 to
29, 30 to 39, 40 to 49 and 50 or older, and gender was cate-
gorized as men or women based on insurance information.
Average copay per month was calculated as the average
monthly out-of-pocket payment per individual over the length
of time PrEP medication was filled. Monthly copay amount
reflects only the amount paid by the individual after insurance,
copay assistance or other programmes have been utilized. Pri-
mary payer was identified as the first payer billed for the
majority of PrEP prescriptions during the period. Primary
payer had the following categories: commercial (all commercial
insurances), government (Medicare/Medicaid), or cash/other
(primarily paying with cash, manufacturer’s copay assistance
programme, or other/unknown sources). In instances when
two sources of payment were received, the primary payer
variable prioritized commercial or government health insur-
ance coverage over manufacturer and copay assistance (i.e.
secondary coverage), and thus is not an accurate reflection of
use of manufacturer copay and medication assistance pro-
grammes. When the manufacturer’s copay assistance pro-
gramme was used as the sole source of payment, it was
categorized as cash/other. Copay assistance programmes are
designed to support part of the cost of the medication,
whereas medication assistance programmes provide full finan-
cial coverage of the medication for individuals with financial
need. Driving distance was calculated using ArcGIS to calcu-
late distance from the individual’s home address to the near-
est pharmacy in the national chain. Urban/rural status of the
pharmacy nearest to the individual’s address was categorized
as urban, less dense urban, suburban and rural using the
national pharmacy chain’s proprietary algorithm that accounts
for population density. For pharmacy type, we determined
whether individuals utilized a community-based specialty phar-
macy or a traditional retail pharmacy from the national phar-
macy chain. Community-based specialty pharmacies have staff
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with additional training in HIV stigma and prevention, medica-
tion access, financial assistance coordination, treatment guid-
ance and adherence support. Due to the nature of
administrative data, demographic data points were missing for
several records; however, we assumed data were missing at
random and did not impact the results of the analysis.
For each of the three periods of persistence, we used

bivariate and multivariable logistic regression models to assess
predictors of persistence on PrEP medication. Variables were
considered for inclusion in multivariable models based on sig-
nificance at the 0.1 level in bivariate analysis. Variables
included in final multivariable models were significant at the
0.05 level. Collinearity was evaluated for each model, and
model fit statistics were calculated using Hosmer-Lemeshow
tests. All analyses were conducted using SAS Version 9.4 (SAS
Institute). Data visualizations were conducted in Microsoft
Excel 2016.
Individuals who used a pharmacy outside of this national

chain during the study period could be misclassified as discon-
tinuing PrEP. To explore this source of bias we conducted a
sensitivity analysis, including only individuals who had filled a
prescription (excluding PrEP) at the national pharmacy chain
of interest after the 24-month study period had ended.
Descriptive and modelling analyses described above were
repeated in their entirety on this subset, which included 5837
individuals.
This research was approved by Quorum IRB (#30978/1)

with waivers of informed consent and HIPAA authorization.
Only de-identified observational data were shared with Emory
University.

3 | RESULTS

3.1 | Demographics

Among 7148 persons who initiated PrEP in 2015 at a large
national chain pharmacy, 97% were men and 3% were women
(Table 1). The plurality (35%) were age 30 to 39, 22% were
25 to 29, 20% were 40 to 49, 12% were 50 or older, and
11% were 18 to 24. Over three-quarters (77%) had a monthly
PrEP copay of $20 or less. The majority had commercial insur-
ance (80%), 15% had government insurance, and 5% had
either cash, manufacturer’s copay assistance programme, or
other/unknown denoted as their primary payer. A minority uti-
lized a community-based specialty pharmacy from the national
chain (15%). Nearly three-quarters of individuals had a phar-
macy within one mile of their home and most resided in urban
(63%) or suburban (32%) locations, with only 5% rural.

3.2 | Persistence

In year 1, 56% (4030/7148) were classified as persistent on
PrEP medication (Table 2). Among individuals that were per-
sistent in year 1, 63% (2521/4030) were persistent in year 2.
From initiation to year 2, 41% (2951/7148) were persistent.
Overall, persistence was only slightly higher for year 2 (63%)
than for year 1 (56%). The two variables with the largest
range in persistence outcomes from initiation to year 2 were
gender and age (see Table 2 and Figure 1). No age group or
gender had greater than 54% persistence from initiation to
year 2. The lowest proportion persistent on medication in year

1, year 2, and from initiation to year 2 were women and age
group 18 to 24, with women having 34%, 49% and 20% per-
sistence, and the 18 to 24 age group having 43%, 54% and
29% persistence respectively. See Table S1 for full results.
An analysis to explore possible re-entry into PrEP medica-

tion found that only 12% (369/3118) of those who were clas-
sified as not persistent in year 1 (months 0 to 12) would be
classified as persistent in their second year of follow-up
(months 13 to 24) (data not shown).

3.3 | Predictors of refill persistence

In multivariable analysis, male gender, being older than 18 to
24 years, having a copay of $20 or less, having commercial
insurance, and attending a community-based specialty pharmacy
from the national chain were associated with persistence in year

Table 1. Demographic characteristics of individuals who initi-

ated HIV PreExposure prophylaxis in the United States, 2015

at initiation

n (%)

Total sample 7148

Age

18 to 24 784 (11%)

25 to 29 1552 (22%)

30 to 39 2521 (35%)

40 to 49 1432 (20%)

50+ 855 (12%)

Gender

Men 6900 (97%)

Women 244 (3%)

Monthly average copay

$20 or less 5531 (77%)

More than $20 1614 (23%)

Mean (SD) 20 (78)

Payer (primary during entire period)

Commercial 5699 (80%)

Government 1097 (15%)

Cash/other 352 (5%)

Pharmacy type

Community-based specialty pharmacy 1057 (15%)

Traditional retail pharmacy 6091 (85%)

Distance to pharmacy from home (miles)

0 to <1 miles 5293 (74%)

1 to <2 miles 1235 (17%)

2+ miles 620 (9%)

Mean (SD) 1 (3)

Urban/rural status

Urban 3093 (43%)

Less dense urban 1458 (20%)

Suburban 2257 (32%)

Rural 340 (5%)

Primary payer reflects the source of payment used most frequently in
the study period. Some data points are missing for up to four
individuals.
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1 of follow-up (zero to twelve months) (Table 3). Excluding
attending a community-based specialty pharmacy, these vari-
ables were also associated with persistence in year 2 (13 to
24 months). The same variables were associated with persis-
tence for the initiation to year 2 period (zero to twenty-four
months) as for the year 1 period; see Table 3 for odds ratios. No
models had evidence of poor fit or collinearity.

3.4 | Sensitivity analysis

A sensitivity analysis of a subset of 5837 individuals who had
filled any prescription other than PrEP after their final PrEP
fill after the follow-up period of 24 months demonstrated few
differences between the subset and the larger PrEP sample,
indicating that switching pharmacies is likely not a substantial
contributor to the rates of drop off from filling PrEP medica-
tion. See Tables S2 and S3 in the Supporting Information. In
multivariable analysis, the same predictors were associated
with persistence in year 1 as were associated with the same
outcomes in the multivariable analysis on the larger sample;
however, for persistence in year 2 and persistence from initia-
tion to year 2, the models in the sensitivity analysis included
the same predictors as in multivariable analysis with the addi-
tion of community-based specialty pharmacy. See Table S4.

4 | DISCUSSION

In the largest study to date of persistence on PrEP medica-
tion, we observed 56% persistence from initiation to one year
of follow-up. For those on PrEP medication after the first year,
we found 63% persistence in the year 2 period. Across the
entire 2-year span, only two out of every five users persisted
on PrEP. Behaviour risk over time is not constant, so it is
likely that some portion of individuals were no longer

guidelines-eligible for PrEP [22]. But this is unlikely to be the
only factor accounting for such high levels of PrEP cessation;
such substantial behaviour modification to convert three-fifths
of individuals initiating PrEP to be no longer PrEP eligible is
highly unlikely. Instead, factors that have previously been asso-
ciated with PrEP cessation likely contributed: financial barri-
ers, poor tolerance of medication side effects, changes in
perceived risk, limited social or external support, and difficulty
adhering to frequent provider and lab visits [11,19,23-25].
Previous studies identified high non-persistence in the first

year of PrEP medication, and data from the first year of fol-
low-up in the present study confirm this finding. Surprisingly,
non-persistence on PrEP medication was only moderately
attenuated in the second year (37% non-persistence in year 2,
compared to 44% non-persistence in year 1). This finding has
substantial implications for PrEP retention programmes: sus-
tained efforts are needed to retain PrEP users throughout
their first two years of medication, and possibly for longer
periods of time. Further research is needed to understand the
nuances of patterns of entry, exit and reentry/reexit for PrEP
medication.
Among our study population, the 18 to 24 age group had

higher rates of non-persistence on medication for all time
periods. This finding is consistent with data on national PrEP
prevalence trends [15], and with current PrEP prevalence data
that find comparatively low prevalence of PrEP use for these
groups [14]. Despite this, 18- to 24-year-olds are a key group
to target for retention on PrEP because they are among the
groups at highest risk for transmission [25,26]. Younger indi-
viduals may be more likely to experience challenges in a num-
ber of areas, including cost navigation, fear of disclosure due
to use of parental insurance, limited experience with the
healthcare system, and financial barriers [25,27]. Long-term
persistence on PrEP medication for young people will be facili-
tated by no- or low-cost access to services that are required

Table 2. Persistence on PrEP medication in year 1 (zero to twelve months), year 2 (twelve to twenty-four months), and initiation to

year 2 (zero to twenty-four months) among individuals who initiated PrEP in the United States, 2015 for selected variables

PrEP

initiation

Persistence in year

1 (zero to twelve

months)

Persistence in year

2 (thirteen to twenty-four

months)

Persistence from initiation

to year 2 (zero to

twenty-four months)

n n

Percent

persistent n

Percent

persistent n

Percent

persistent

All 7148 4030 56% 2521 63% 2951 41%

Age

18 to 24 784 339 43% 183 54% 227 29%

25 to 29 1552 815 53% 452 55% 539 35%

30 to 39 2521 1409 56% 872 62% 1041 41%

40 to 49 1432 912 64% 621 68% 704 49%

50+ 855 553 65% 392 71% 439 51%

Gender

Men 6900 3944 57% 2479 63% 2901 42%

Women 244 84 34% 41 49% 49 20%

To be considered persistent, individuals must have had 16 days of medication available per calendar month for three-quarters of months in each per-
iod. Only individuals persistent at one year of follow-up (months 0 to 12) were eligible to be considered persistent at two years (months 13 to 24).
Variables in this table are significantly associated with PrEP discontinuation; see Table 3 for more detail. Some data points are missing for up to four
individuals.
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for PrEP care, such as HIV testing/counselling and STI test-
ing/treatment [28]. Many of these services are available from
community or non-profit organizations, but the services of any
particular clinic may not cover all tests (e.g. creatinine) and
visit requirements (e.g. quarterly, with a clinician) for a PrEP
prescription.
Consistent with previous PrEP studies [29-31], we found

that men had higher odds of being persistent on PrEP medica-
tion over time. Female gender in a cohort study of Kaiser Per-
manente Northern California members was associated with
discontinuation of PrEP over the three-year study period (RR
2.6; 95% CI: 1.5 to 4.6) [30]. Several studies have found that
women underestimate their risk for acquiring HIV, [18,32] a
likely factor in PrEP non-adherence and discontinuation. Addi-
tionally, women with PrEP indications may not be initiating
PrEP; a study of PrEP uptake found that uptake among
women was very low from 2010 to 2014, potentially high-
lighting a key barrier encountered by providers of identifying
women with PrEP indications [33]. Programmes and providers
offering PrEP services should be aware of persistence

disparities between men and women and seek to address con-
cerns that may be of particular import for women.
Increased odds of persistence on PrEP medication were

observed for having a copay of $20 or less, having commercial
insurance, and attending a community-based specialty phar-
macy from the national chain. Lower copays have been associ-
ated with improved patient outcomes, including adherence
and persistence in care, in numerous studies and for numer-
ous health conditions [34-36]. We found that individuals with
a copay of $20 or less had slightly higher odds of persistence
at one and two years of follow-up than individuals with higher
copays. To be included in this dataset, however, individuals
must have made their first copayment and completed their
first fill; persons who could not afford a high first copayment
therefore never entered the dataset. Our findings are unable
to address uninsured or underinsured individuals who did not
initiate PrEP due to financial barriers. Given availability of
pharmacy assistance programmes, medication copay may play
a more minor role in persistence than payment for quarterly
laboratory tests and office visits.

Figure 1. (a) Persistence on PrEP medication over time by age group. (b) Persistence on PrEP medication over time by gender. To be considered
persistent, individuals must have had 16 days of medication available per calendar month for three-quarters of months in a period. Some data
points are missing for up to four individuals.
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Primary payer was a significant predictor of persistence,
with commercial individuals comprising the largest proportion
and having the highest odds of persistence. There is a mixed
consensus in the literature on the role of insurer for medica-
tion adherence and persistence, with some studies identifying
lack of insurance coverage as a barrier [4,20,37,38], others
finding improved patient outcomes on commercial insurance
compared to government insurance [39,40], and one not find-
ing a difference between persistence on medication for those
with government insurance compared to those with commer-
cial [41].
The present study has some strengths, including that the

dataset represents a substantial proportion (over 7000) of the
estimated 70,395 PrEP users active in the fourth quarter of
2017 in the United States [14]. This study was also conducted
using observational, real-world data, which contributes
towards filling a current gap in the PrEP literature.
There are a number of limitations to this study. Data are

from a single pharmacy chain, and therefore individuals

changing pharmacies could be persistent on PrEP but classi-
fied as non-persistent. To understand the impact of this
known bias, we conducted a sensitivity analysis among individ-
uals that had filled at least one prescription subsequent to the
end of the two-year period of observation. We found little
impact in terms of the magnitude of results and associations
in the models. Individuals in the dataset could have initiated
and discontinued PrEP prior to 2015 at a different pharmacy,
although it is unclear in which direction this might introduce
bias.
Another limitation is selection bias; a full assessment of the

relative representativeness of this pharmacy chain nationally
is outside the scope of this analysis. Because of the wide-
spread coverage of the pharmacy chain in 49 states and the
20 most populous cities, the dataset at minimum incorporates
data from many key areas of the United States. Regional vari-
ations of PrEP prescribing patterns and norms may be a fac-
tor in persistence, and future research should consider
geographic region as a factor of interest.

Table 3. Factors associated with persistence on PrEP medication in year 1 (zero to twelve months), year 2 (twelve to twenty-four

months), and initiation to year 2 (zero to twenty-four months) among individuals who initiated PrEP in the United States, 2015

Persistence in year 1

(zero to twelve months)

n=7141

Persistence in year 2

(thirteen to twenty-four months)

n=4030

Persistence from initiation to

year 2 (zero to twenty-four months)

n=7141

Bivariate

OR (95% CI)

Multivariable

aOR (95% CI)

Bivariate

OR (95% CI)

Multivariable

aOR (95% CI)

Bivariate OR

(95% CI)

Multivariable

aOR (95% CI)

Age

18 to 24 Ref Ref Ref Ref Ref Ref

25 to 29 1.45 (1.22, 1.73) 1.43 (1.20, 1.71) 1.06 (0.82, 1.37) 1.06 (0.82, 1.37) 1.31 (1.08, 1.57) 1.28 (1.06, 1.54)

30 to 39 1.66 (1.42, 1.96) 1.66 (1.41, 1.96) 1.38 (1.09, 1.76) 1.39 (1.09, 1.76) 1.73 (1.45, 2.05) 1.71 (1.44, 2.04)

40 to 49 2.30 (1.93, 2.75) 2.37 (1.98, 2.84) 1.82 (1.41, 2.35) 1.87 (1.45, 2.42) 2.37 (1.97, 2.86) 2.43 (2.01, 2.94)

50+ 2.40 (1.97, 2.93) 2.57 (2.10, 3.15) 2.08 (1.57, 2.75) 2.26 (1.70, 3.01) 2.59 (2.11, 3.18) 2.77 (2.25, 3.41)

Gender

Women Ref Ref Ref Ref Ref Ref

Men 2.54 (1.94, 3.32) 2.25 (1.70, 2.97) 1.78 (1.15, 2.74) 1.61 (1.03, 2.52) 2.89 (2.10, 3.96) 2.46 (1.77, 3.41)

Monthly average copay

$20 or less Ref Ref Ref Ref Ref Ref

More than $20 0.72 (0.64, 0.80) 0.63 (0.56, 0.71) 0.78 (0.67, 0.92) 0.68 (0.58, 0.81) 0.70 (0.63, 0.79) 0.61 (0.54, 0.69)

Payer (primary during entire period)

Commercial Ref Ref Ref Ref Ref Ref

Government 0.59 (0.52, 0.68) 0.58 (0.50, 0.67) 0.62 (0.51, 0.75) 0.59 (0.48, 0.71) 0.52 (0.46, 0.60) 0.51 (0.44, 0.59)

Cash/other 0.56 (0.46, 0.70) 0.54 (0.44, 0.68) 0.72 (0.52, 0.99) 0.69 (0.50, 0.96) 0.62 (0.50, 0.78) 0.59 (0.47, 0.75)

Pharmacy type

Traditional

retail pharmacy

Ref Ref Ref NS Ref Ref

Community-based

specialty pharmacy

1.43 (1.25, 1.63) 1.42 (1.24, 1.64) 1.18 (0.99, 1.40) 1.41 (1.23, 1.60) 1.41 (1.23, 1.61)

Distance to pharmacy

from home (miles)

NS NS NS

Urban/rural status NS NS NS

NS, not significant at the p < 0.05 level. To be considered persistent, individuals must have had 16 days of medication available per calendar
month for three-quarters of months in each period. Only individuals persistent at one year of follow-up (months 0 to 12) were eligible to be con-
sidered persistent at two years (months 13 to 24). Primary payer reflects the source of payment used most frequently in the study period. Some
data points are missing for up to four individuals.
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Although it is not clinically recommended, persons may use
TDF-FTC for chronic Hepatitis B management and our data-
set does not allow for exclusion of this group. In order to have
been included in this analysis, an individual must have filled at
least 60 days of TDF-FTC. Therefore, individuals who were
early discontinuers of PrEP due to side effects, cost, copay
limitations or other challenges are undercounted, biasing our
estimate of persistence. The measure of persistence we used
was defined as at least 75% of months in a period; had a
stricter definition been employed, such as requiring 90% of
months in a period, persistence estimates would be lower.
Individuals taking PrEP on an event-based dosing or other
irregular schedule may be misclassified as not persistent on
PrEP medication. We do not anticipate the impact of this to
be particularly high because current CDC guidance does not
recommend this dosing schedule [10]. Individuals who are
recurrently taking post-exposure prophylaxis (PEP) may be
misclassified as non-persistent on PrEP, although this is likely
rare because monotherapy for PEP is uncommon.
Data on prescription copay have several limitations. First,

only prescriptions sold were analysed, so prescriptions not
filled due to high copay were not captured. Second, we analysed
average monthly copay costs over the total length of time PrEP
medication was filled and were therefore unable to detect if
monthly differences in copay costs affected persistence.
A substantial limitation is that individuals who paid for PrEP

using manufacturer’s medication or copay assistance pro-
grammes were unable to be isolated as a separate category in
the primary payer variable, and we were unable to quantify the
true extent of their use or their impact on persistence. Due to
privacy concerns, data were aggregated at the year level
instead of being analysed on a monthly level, which may mask
data trends. Lastly, because the data source is administrative in
nature, many demographic variables are not collected. Thus,
key variables known to correlate with PrEP uptake and persis-
tence on medication, including race/ethnicity, income, sexual
orientation and gender identity, were not available.

5 | CONCLUSIONS

Using pharmacy refill data to measure persistence on PrEP
medication over two years of follow-up, we found substantial
non-persistence on PrEP medication in both year 1 and year
2. Across the entire 2-year period, two out of every five users
persisted on PrEP. Demographic, financial and pharmacy fac-
tors were associated with persistence. PrEP interventions tar-
geted at increasing persistence are merited and should be
conducted throughout at least the first two years of medica-
tion. Programmes should be aware of disparities in PrEP per-
sistence, with young adults, women, and those not on
commercial insurance more likely to not be persistent. Further
research is needed to explore how social, structural or individ-
ual factors may undermine or enhance persistence on PrEP
medication, and to develop and test interventions to assist
persistence as indicated.

AUTHORS ’ AFF I L IAT IONS

1Department of Epidemiology, Rollins School of Public Health, Emory University,
Atlanta, GA, USA; 2Walgreen Co., Deerfield, IL, USA; 3Department of Behavioral

Sciences and Health Education, Rollins School of Public Health, Emory Univer-
sity, Atlanta, GA, USA

COMPET ING INTERESTS

KCC declares no competing interests. RJH, HSK and AD are employees of Wal-
green Co. AJS is a Co-Investigator on a grant from the Gilead Foundation.

AUTHORS ’ CONTR IBUT IONS

KCC, AJS, HK, RH and AD designed and implemented the study. KCC did the
statistical analyses with support from AJS, HK and RH. KCC and AJS drafted
the manuscript. KCC, AJS, HK, RH and AD contributed to the interpretation
and presentation of the findings. All authors approved the final version of this
manuscript for submission.

ACKNOWLEDGEMENTS

FUNDING

This work was supported by the National Institute of Mental Health
(R01MH114692), the Adolescent Medicine Trials Network for HIV/AIDS Inter-
ventions (ATN, protocol 159) from the National Institutes of Health
(U19HD089881), and by the Emory Center for AIDS Research (P30AI050409).
The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Institutes of Health. Disclaimer: The
findings and conclusions of this analysis are those of the authors and do not
necessarily represent the official position of Walgreen Co.

REFERENCES

1. Baeten J, Celum C. Oral antiretroviral chemoprophylaxis: current status.
Curr Opin HIV AIDS. 2012;7(6):514–9.
2. Grant RM, Lama JR, Anderson PL, McMahan V, Liu AY, Vargas L, et al. Pre-
exposure chemoprophylaxis for HIV prevention in men who have sex with men.
N Engl J Med. 2010;363(27):2587–99.
3. Donnell D, Baeten JM, Bumpus NN, Brantley J, Bangsberg DR, Haberer JE,
et al. HIV protective efficacy and correlates of tenofovir blood concentrations in
a clinical trial of PrEP for HIV prevention. J Acquir Immune Defic Syndr.
2014;66(3):340–8.
4. Liu AY, Cohen SE, Vittinghoff E, Anderson PL, Doblecki-Lewis S, Bacon O,
et al. Preexposure prophylaxis for HIV infection integrated with municipal- and
community-based sexual health services. JAMA Intern Med. 2016;176(1):75–84.
5. Baeten JM, Donnell D, Ndase P, Mugo NR, Campbell JD, Wangisi J, et al.
Antiretroviral prophylaxis for HIV prevention in heterosexual men and women.
N Engl J Med. 2012;367(5):399–410.
6. Thigpen MC, Kebaabetswe PM, Paxton LA, Smith DK, Rose CE, Segolodi TM,
et al. Antiretroviral preexposure prophylaxis for heterosexual HIV transmission
in Botswana. N Engl J Med. 2012;367(5):423–34.
7. McCormack S, Dunn DT, Desai M, Dolling DI, Gafos M, Gilson R, et al. Pre-
exposure prophylaxis to prevent the acquisition of HIV-1 infection (PROUD):
effectiveness results from the pilot phase of a pragmatic open-label randomised
trial. Lancet. 2016;387(10013):53–60.
8. Molina JM, Capitant C, Spire B, Pialoux G, Cotte L, Charreau I, et al. On-
demand preexposure prophylaxis in men at high risk for HIV-1 infection. N Engl
J Med. 2015;373(23):2237–46.
9. Ho PM, Bryson CL, Rumsfeld JS. Medication adherence: its importance in
cardiovascular outcomes. Circulation. 2009;119(23):3028–35.
10. Centers for Disease Control and Prevention. Preexposure prophylaxis for
the prevention of HIV infection in the United States-2014: a clinical practice
guideline. Atlanta: Centers for Disease Control and Prevention; 2014. 67 p.
11. John SA, Rendina HJ, Grov C, Parsons JT. Home-based pre-exposure pro-
phylaxis (PrEP) services for gay and bisexual men: an opportunity to address
barriers to PrEP uptake and persistence. PLoS One. 2017;12(12):e0189794.
12. Sattler ELP, Lee JS, Perri M III. Medication (Re)fill adherence measures
derived from pharmacy claims data in older Americans: a review of the litera-
ture. Drugs Aging. 2013;1(30):383–99.
13. Raebel MA, Schmittdiel J, Karter AJ, Konieczny JL, Steiner JF. Standardizing
terminology and definitions of medication adherence and persistence in
research employing electronic databases. Med Care. 2013;51:S11–21.
14. Siegler AJ, Mouhannah F, Giler RM, Weiss K, Pembleton E, Guest J, et al.
The prevalence of pre-exposure prophylaxis use and the pre-exposure

Coy KC et al. Journal of the International AIDS Society 2019, 22:e25252
http://onlinelibrary.wiley.com/doi/10.1002/jia2.25252/full | https://doi.org/10.1002/jia2.25252

7

http://onlinelibrary.wiley.com/doi/10.1002/jia2.25252/full
https://doi.org/10.1002/jia2.25252


prophylaxis-to-need ratio in the fourth quarter of 2017, United States. Ann Epi-
demiol. 2018;28(12):841–9.
15. Sullivan PS, Giler RM, Mouhannah F, Pembleton E, Guest J, Jones J, et al.
Trends in use of oral emtricitabine/tenofovir disoproxil fumarate for pre-expo-
sure prophylaxis against HIV infections, United States, 2012–2017. Ann Epi-
demiol. 2018;28(12):833–40.
16. Grossberg R, Zhang Y, Gross R. A time-to-prescription-refill measure of
antiretroviral adherence predicted changes in viral load in HIV. J Clin Epidemiol.
2004;57(10):1107–10.
17. Choo P, Rand C, Inui T, Lee M, Cain E, Cordeiro-Breault M, et al. Validation
of patient reports, automated pharmacy records, and pill counts with electronic
monitoring of adherence to antihypertensive therapy. Med Care. 1999;37
(9):846–57.
18. Koenig LJ, Lyles C, Smith DK. Adherence to antiretroviral medications for
HIV pre-exposure prophylaxis: lessons learned from trials and treatment studies.
Am J Prev Med. 2013;44 1 Suppl 2:S91–8.
19. Chan PA, Mena L, Patel R, Oldenburg CE, Beauchamps L, Perez-Brumer
AG, et al. Retention in care outcomes for HIV pre-exposure prophylaxis imple-
mentation programmes among men who have sex with men in three US cities.
J Int AIDS Soc. 2016;19(1):20903.
20. Doblecki-Lewis S, Liu A, Feaster D, Cohen SE, Cardenas G, Bacon O, et al.
Healthcare access and PrEP continuation in San Francisco and Miami after the
US PrEP demo project. J Acquir Immune Defic Syndr. 2017;74(5):531–8.
21. Anderson PL, Glidden DV, Liu A, Buchbinder S, Lama JR, Guanira JV, et al.
Emtricitabine-tenofovir exposure and pre-exposure prophylaxis efficacy in men
who have sex with men. Sci Transl Med. 2012;4(151):151ra25.
22. Jenness SM, Goodreau SM, Rosenberg E, Beylerian EN, Hoover KW, Smith
DK, et al. Impact of the centers for disease control’s HIV preexposure prophy-
laxis guidelines for men who have sex with men in the United States. J Infect
Dis. 2016;15(214):1800–7.
23. Baeten JM, Haberer JE, Liu AY, Sista N. Preexposure prophylaxis for HIV
prevention: where have we been and where are we going? J Acquir Immune
Defic Syndr. 2013;63 Suppl 2:S122–9.
24. Blashill AJ, Ehlinger PP, Mayer KH, Safren SA. Optimizing adherence to pre-
exposure and postexposure prophylaxis: the need for an integrated biobehav-
ioral approach. Clin Infect Dis. 2015;1 60 Suppl 3:S187–90.
25. Hosek S, Celum C, Wilson CM, Kapogiannis B, Delany-Moretlwe S, Bekker
LG. Preventing HIV among adolescents with oral PrEP: observations and chal-
lenges in the United States and South Africa. J Int AIDS Soc. 2016;19 7 Suppl
6:21107.
26. Paltiel AD, Freedberg KA, Scott CA, Schackman BR, Losina E, Wang B, et al.
HIV preexposure prophylaxis in the United States: impact on lifetime infection
risk, clinical outcomes, and cost-effectiveness. Clin Infect Dis. 2009;48(6):806–
15.
27. Hosek SG, Siberry G, Bell M, Lally M, Kapogiannis B, Green K, et al. The
acceptability and feasibility of an HIV preexposure prophylaxis (PrEP) trial with
young men who have sex with men. J Acquir Immune Defic Syndr. 2013;62
(4):447–56.
28. Bauermeister JA, Meanley S, Pingel E, Soler JH, Harper GW. PrEP aware-
ness and perceived barriers among single young men who have sex with men.
Curr HIV Res. 2013;11(7):520–7.
29. Haberer JE, Baeten JM, Campbell J, Wangisi J, Katabira E, Ronald A, et al.
Adherence to antiretroviral prophylaxis for HIV prevention: a substudy cohort
within a clinical trial of serodiscordant couples in East Africa. PLoS Med.
2013;10(9):e1001511.
30. Marcus JL, Hurley LB, Hare CB, Nguyen DP, Phengrasamy T, Silverberg
MJ, et al. Preexposure prophylaxis for HIV prevention in a large integrated
health care system: adherence, renal safety, and discontinuation. J Acquir
Immune Defic Syndr. 2016;73(5):540–6.
31. Blackstock OJ, Patel VV, Felsen U, Park C, Jain S. Pre-exposure prophylaxis
prescribing and retention in care among heterosexual women at a community-
based comprehensive sexual health clinic. AIDS Care. 2017;29(7):866–9

32. Garfinkel DB, Alexander KA, McDonald-Mosley R, Willie TC, Decker MR.
Predictors of HIV-related risk perception and PrEP acceptability among young
adult female family planning patients. AIDS Care. 2017;29(6):751–8.
33. Wu H, Mendoza MC, Huang YA, Hayes T, Smith DK, Hoover KW. Uptake
of HIV preexposure prophylaxis among commercially insured persons-United
States, 2010-2014. Clin Infect Dis. 2017;64(2):144–9.
34. Eaddy MT, Cook CL, O’Day K, Burch SP, Cantrell CR. How patient cost-
sharing trends affect adherence and outcomes: a literature review. P T.
2012;37(1):45–55.
35. Chernew M, Gibson TB, Yu-Isenberg K, Sokol MC, Rosen AB, Fendrick AM.
Effects of increased patient cost sharing on socioeconomic disparities in health
care. J Gen Intern Med. 2008;23(8):1131–6.
36. Cole JA, Norman H, Weatherby LB, Walker AM. Drug copayment and
adherence in chronic heart failure: effect on cost and outcomes. Pharmacother-
apy. 2012;26(8):1157–64.
37. Whitfield THF, John SA, Rendina HJ, Grov C, Parsons JT. Why I quit pre-
exposure prophylaxis (PrEP)? A mixed-method Study exploring reasons for PrEP
discontinuation and potential re-initiation among gay and bisexual men. AIDS
Behav. 2018;22(11):3566–75.
38. Morgan E, Ryan DT, Newcomb ME, Mustanski B. High rate of discontinua-
tion may diminish PrEP coverage among young men who have sex with men.
AIDS Behav. 2018;22(11):3645–8.
39. Kesselheim AS, Huybrechts KF, Choudhry NK, Fulchino LA, Isaman DL,
Kowal MK, et al. Prescription drug insurance coverage and patient health out-
comes: a systematic review. Am J Public Health. 2015;105(2):e17–30.
40. Mathews R, Wang TY, Honeycutt E, Henry TD, Zettler M, Chang M, et al.
Persistence with secondary prevention medications after acute myocardial
infarction: insights from the TRANSLATE-ACS study. Am Heart J. 2015;170
(1):62–9.
41. Sommers BD, Gawande AA, Baicker K. Health insurance coverage and
health. N Engl J Med. 2017;377(20):2000–1.

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online
version of this article:
Table S1. Persistence on PrEP medication in year 1 (zero to
twelve months), year 2 (twelve to twenty-four months), and
initiation to year 2 (zero to twenty-four months) among indi-
viduals who initiated PrEP in the United States, 2015
Table S2. Sensitivity analysis of demographic characteristics of
individuals who initiated HIV preexposure prophylaxis and
filled any other prescription following their final PrEP fill in
the United States, 2015 at initiation
Table S3. Sensitivity analysis of persistence on PrEP medica-
tion in year 1 (zero to twelve months), year 2 (twelve to
twenty-four months), and initiation to year 2 (zero to twenty-
four months) among individuals who initiated PrEP in the Uni-
ted States, 2015 for selected variables
Table S4. Sensitivity analysis of factors associated with persis-
tence on PrEP medication in year 1 (zero to twelve months),
year 2 (twelve to twenty-four months), and initiation to year 2
(zero to twenty-four months) among individuals who have
filled a prescription other than PrEP following their final prep
fill in the study period, 2015 to 2017
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