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Abstract

Objectives: As delivery of PrEP becomes an HIV prevention priority in the U.S., standard, 

pragmatic measures of PrEP use are needed to compare and evaluate prevention implementation 

programs. By using readily available electronic health record data (EHR), we describe and 

compare measures of persistence and retention.

Design: Retrospective cohort

Methods: Using EHR prescription data for patients at a large urban Federally Qualified Health 

Center from 2015 to 2019, we calculated measures of persistence and retention and compared 

them to pharmacy claims data, PrEP biomarkers, and HIV outcomes.

Results: Total PrEP time was 19.8 months on average. During this period, average adherence by 

medication prescription ratio (MRxR) was 89%; 77% of patients had an MRxR ≥85% and 90% 

have an MRxR ≥57%. Over the first six months, average proportion of day covered (PDC) ≥85% 

was 53% and PDC ≥57% was 57%. Prescription fill rates, based on claims data from a pharmacy 

partner, ranged from 45% to 60%. Using tenofovir-diphosphate as the gold standard, PDC had 

high sensitivity (97%) but low specificity (≤13%). As a measure of retention, over the first six 

months, 59% of patients had quarterly HIV tests.

Conclusion: Total PrEP time is useful measure of overall persistence, while PDC can assess 

persistence and adherence at a specific time point. Adherence by PDC is more conservative 

compared to MRxR; both will overestimate true adherence. Retention in care can be measured by 

quarterly HIV tests. Using consistent terminology and reporting timepoints and adherence 

thresholds will help reporting and comparing PrEP delivery programs.
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Introduction

PrEP implementation is undergoing intensive scale-up as part of efforts to end the HIV 

epidemic (EHE). However, measures of PrEP use have largely been developed in clinical 

trial settings and are not accessible or comparable for real-world healthcare settings. Indeed, 

definitions of persistence and retention have varied widely thus far in the literature, making 

comparisons difficult. For instance, persistence has been assessed by medication possession 

ratio (MPR), proportion of days covered (PDC), and time to discontinuation [1–5]; retention 

has been described as quarterly visits, semi-annual visits, and quarterly HIV tests [6–10]. 

Adherence to long-term medications has been studied for other medical conditions and may 

serve as a useful guide [11–13], with some special considerations.

For the purposes of this analysis, we consider adherence broadly to be a process with 

specific, measurable elements[14]. First is PrEP uptake or initiation, which is not a focus of 

this paper. While understanding the denominator, or number of individuals who would 

benefit from PrEP, remains a challenge, the PrEP-to-Need ratio is a useful measure of uptake 

[15]. Next, adherence (sometimes referred to as execution or compliance) is how well 

patients actually take PrEP. There are a range of options to assess adherence, from self-

report as the most subjective to biomarkers as the most objective. There are key 

considerations in determining how to measure PrEP adherence, including how many doses 

per week are needed to be effective and how to account for 2–1-1 (or event-driven) dosing 

strategies. Another aspect of adherence, persistence, is the length of time on PrEP [16]; 

discontinuation is a related concept. Questions regarding seasonal or cyclic use of PrEP can 

make assessing persistence and discontinuation difficult; the concept of prevention-effective 

adherence, or using PrEP during periods of risk, is foundational in PrEP delivery[17]. 

Finally, a related concept is retention, which we define as maintaining HIV prevention care, 

with or without PrEP use.

Our goal was to determine population-level measures of persistence and retention in order to 

evaluate and compare PrEP implementation programs. These measures are not intended to 

evaluate how an individual patient is using PrEP, which depends on their specific context 

and choices. An ideal measure will be accessible to various healthcare settings and can be 

extended to future modalities of PrEP.

Methods

EHR data was collected for all HIV-uninfected patients who received their first PrEP 

prescription between January 2015 and August 2018. PrEP prescriptions were defined as 

tenofovir and emtricitabine with no third antiretroviral (thereby excluding PEP 

prescriptions); for patients with a concurrent Hepatitis B diagnosis, charts were reviewed to 

clarify the indication. This algorithm has previously been validated [9]. All subsequent PrEP 

prescriptions through September 2019 were included; we also collected data on all HIV tests 

starting from PrEP initiation. Any patient who was ever prescribed more than 180 pills in 

one prescription (including refills) was excluded as an outlier.
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A summary of PrEP use measures can be found in Table 1. For all the measures, we relied 

on prescription date, number of pills prescribed, and the number of refills; PrEP supply was 

the total number of pills available from each prescription (the number of pills times the 

number of fills). All measures were censored at HIV acquisition. Total PrEP time was 

calculated as the number of months from the date of the first PrEP prescription until the end 

of the last supply; on PrEP at six months (or 12 months) was determined as whether total 

PrEP time was greater or equal to the respective number of months. The medication 

prescription ratio (MRxR) was the total number of pills prescribed divided by total PrEP 

time on days; this value can exceed 100% and was therefore capped at 100% [12]; a binary 

measure was created to determine if MRxR was ≥85% (equivalent to six doses per week) or 

≥57% (equivalent to four doses per week).

Next we calculated the proportion of days covered (PDC) for each month (see Supplemental 

Figure 1 for examples); this method involves moving an overlapping prescription to the end 

of the previous prescription, thereby extending the total length of time covered [13,18]. PDC 

traditionally uses >80% as a threshold [18], but given the data on effective PrEP use, we 

chose a cut-off of PDC for each month ≥85% (six doses per week) or alternatively ≥57% 

(four doses per week); we defined these as early (first six months) or late (first 12 months). 

These values can also be summed over the first six (or 12) months to provide a continuous 

value.

We also created two measures specifically of retention; for all measures, there was one-week 

window before or after for HIV test dates. Using total PrEP time (in quarters) as the 

denominator, retention over total PrEP time is the proportion of quarters with an HIV test. 

Consistent with PDC, we measured whether each quarter has an HIV test over the first six 

months (early retention) or 12 months (late retention). To note, retention over total PrEP 

time only includes visits during the period when a patient is on PrEP (though it includes 

gaps in PrEP use), while early and late retention include patients who may have completely 

stopped using PrEP but are still engaging in HIV prevention services. All of these measures 

were then compared by race/ethnic group among MSM, using Chi square tests for binary 

measures and Wilcoxon rank sum tests for continuous measures.

In addition, claims data from approximately 100 Walgreens pharmacies were matched to the 

EHR prescriptions by the date the prescription was written, with a two-week window before 

or after. From this, we determined how many PrEP prescriptions were actually filled, with 

fill rates capped at 100%. Finally, as a measure of validation, we used dried blood spots 

(DBS) a subset of 169 patients who had been enrolled in the first CDC PrEP implementation 

study (SHIPP) to compare the objective biomarker TFV-DP to PDC over the prior month. In 

addition, we report PrEP measures comparing patients who seroconverted while on PrEP to 

those who remained HIV negative, as well as the AUC for each measure; this analysis was 

limited to those who seroconverted after 6 months to avoid immortality bias. This study was 

approved by the Howard Brown Health Institutional Review Board.

Role of the Funding Source

Study sponsors were not involved in the design, analysis, interpretation of results, or writing 

of this report.

PYRA et al. Page 3

AIDS. Author manuscript; available in PMC 2021 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Results

Data were collected from 6,068 patients who ever had a PrEP prescription (Table 2). While 

the majority of patients were white, the proportion identifying as Latinx (21.7%) and Black/

African-American (18.2%) were similar.” Most patients were privately insured (including 

private Medicaid expansion insurance) and 26.9% were uninsured or self-pay. The majority, 

89.1%, were cismen and 75.7% identified as gay. At PrEP initiation, 8% were diagnosed 

with chlamydia and 6% with gonorrhea. The subset of patients with DBS data were similar 

overall, except that they had been on PrEP longer on average. We present the examples of 

each PrEP measure, as well as by race/ethnicity among men who have sex with men (MSM) 

solely as an example and not to specifically compare across race/ethnicity.

PrEP Measures Over All Time

Total PrEP time and the related measures in Table 3 describe PrEP use over the entire 

duration. Overall persistence, measured by average Total PrEP Time was 19.8 months, with 

79% of patients on PrEP at six months and 64% on PrEP at 12 months. During the full 

period of PrEP use, adherence as measured by MRxR was 89% on average; 77% of patients 

had an MRxR ≥85% and 90% have an MRxR ≥57%, as measures of effective adherence. 

Finally for retention over all PrEP use, patients had quarterly HIV tests 71% of follow-up 

time, on average, with little variation across groups. All measures differed significantly by 

race/ethnicity.

PrEP Measures at Specific Time Points

Also presented in Table 3 are PDC and related measures. Early PDC ≥85% was 53% on 

average, slightly less than early PDC ≥57% at 57% on average. Early PDC ≥85% was higher 

than late PDC ≥85%, at 32% on average. In order to compare with MRxR, we also reported 

average PDC, which as 81% over the first six months and 70% over the first 12 months. For 

all PrEP use measures, there were large racial/ethnic differences, significant at p<0.05. 

Retention was also higher over the first six months vs the first 12 months, at 59% vs 30%; 

there were racial/ethnic differences in retention at both time points, also at p<0.05.

Comparisons of Measures

Direct comparisons for some measures (for instance TPT and PDC) would not be 

appropriate as they capture different constructs; however Table 4 presents meaningful 

contrasts, although timeframes may differ across measures.”. The on PrEP measure 

overestimates persistence relative to the PDC measures. For instance, 79% of patients are on 

PrEP at six months, while 57% have PDC ≥57% and 53% have PDC ≥85%. Similarly, the 

average MRxR (over all PrEP use) was 89%, compared to an average PDC of 81% over the 

first six months. The relative differences between White and Black MSM were greater for 

PDC measures compared to measures over all time. For instance, the odds ratio between 

Black and White MSM would be 0.50 (95% CI 0.42, 0.58) for PDC ≥85% and 0.68 (95% CI 

0.57, 0.82) for on PrEP at 6 months. In comparing the continuous measures, the risk 

difference between Black and White MSM would be 9.3% (95% CI 7.3%, 11.3%) for PDC 

and 4.9% (95% CI 3.3%, 6.4%) for MRxR.
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Claims & TFV-DP Comparisons

On average, patients filled 45% of all PrEP prescriptions, compared to Walgreens claims 

data. Among patients (n=3901) who filled their first PrEP prescription at a Walgreens, the 

average fill rate was 60% and among those whose prescription was electronically sent to a 

Walgreens (n=5639), the average fill rate was 51%.

There were 224 DBS samples from the first six months of PrEP use (Supplemental Table 1) 

from which tenofovir-diphosphate (TFV-DP) was quantified. Using a cut-off of 1050 fmol/

punch [19,20], the sensitivity of PDC ≥85% in the prior month was 97% and the specificity 

was 7%. Similarly, using a cut-off of 700 fmol/punch, the sensitivity of PDC ≥57% in the 

prior month was 97% and the specificity was 13%.

Finally, we looked at HIV acquisition to understand the discriminatory values of these 

measures, though importantly, these are not meant to be predictive. We limited these 

measures to values that were calculated over the first six months only, and excluded cases 

that occurred during the first six months, to avoid immortality bias (i.e., HIV uninfected 

patients would potentially have more time on PrEP than patients censored at HIV infection) 

(Table 5). The proportion of patients meeting each measure was higher among those who did 

not acquire HIV compared to those who did seroconvert. All the metrics we compared had 

similar, poor area under the curves (AUC), ranging from 0.62 to 0.68 and overlapping 95% 

confidence intervals..

Discussion

In the analysis, we present a taxonomy of measures that can make reporting and comparing 

PrEP use adherence across programs more meaningful. For implementation researchers, 

community stakeholders, and public health departments interested in the full duration of 

PrEP use, total PrEP time is our recommended measure of persistence, with the 

understanding that it includes gaps in PrEP use. Total PrEP time is also the simplest 

calculation, while MRxR can easily measure adherence over the same time period. This may 

be appropriate when considering a prevention-effective adherence framework, in which 

patients are expected to start and stop PrEP in conjunction with their HIV risk [17]. 

However, MRxR overestimates PrEP use compared to PDC. In addition, using Total PrEP 

Time to calculate on PrEP at six months can results in different values depending on when 

the calculation is made (see Supplemental Figure 1).

We chose to report retention over the full duration of PrEP as a proportion of quarters with 

an HIV test rather than a binary measure of successfully having a test every quarter, given 

that the length of time on PrEP can vary widely and might confound retention. Furthermore, 

we defined retention as an HIV test rather than a follow-up visit, as HIV testing is part of the 

CDC recommendations [21] and follow-up visits may be defined differently at different 

clinics.

For programs that are further along with a focus on specific PrEP use time points, we favor 

PDC. Inherent in PDC, these measures include specific unit of time, with early measures 

defined as the first six months and late measures as the first 12 months, and include specific 
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level of adherence as well. While we think six months in particular is an important value to 

assess early drop off, we recognize that other timepoints are also valid choices and should be 

clearly stated in reporting results. Likewise, we set two thresholds of effective adherence - 

≥85% and ≥57% - corresponding to six and four weekly doses respectively. The former is an 

appropriate choice for broad engagement with most populations; if a program is more 

specialized to focus on predominantly MSM the latter might be more appropriate. 

Furthermore, 2–1-1 dosing with at least one sexual encounter per week would also be 

captured by the ≥57% threshold; only if a large portion of the patient population was using 

2–1-1 for rare sexual encounters would a lower adherence threshold be needed [22]. As non-

daily regimens become more popular, specifying and reporting the adherence threshold used 

as well as the proportion of patients using non-daily PrEP will improve the comparability of 

adherence literature. More work to validate these measures and establish ideal thresholds of 

“success” would be valuable, especially as new formulations of PrEP become available.

It is important to consider the future of PrEP and the ability of metrics to incorporate other 

PrEP modalities, such as injections or implants. For instance, total PrEP time could be from 

first prescription of any PrEP modality to end of any PrEP supply. For PDC-based measures, 

we would recommend that new PrEP modalities truncate rather than extend any overlapping 

PrEP prescriptions, assuming patients are more likely to switch to the new prescription 

immediately. Finally, the smaller the unit used to assess adherence the less likely that it will 

hide gaps in use; for instance, there are situations where a patient would have PDC ≥85% if 

measured over 6 months but have PDC<85% for each individual month (Supplemental 

Figure 1).

We do not expect that these measures to be predictive of HIV acquisition at an individual 

level, which would require a much higher AUC; however we did expect that a good measure 

of PrEP use should relate to the primary outcome, HIV acquisition. All of these measures 

demonstrated evidence of this relationship with AUCs ≥0.62 and Cis excluding 0.50 (with 

0.50 being non-discriminatory). Likewise, we do not expect any population to reach 100% 

on any of these measures; they are meant mostly for comparison.

While self-report, claims data, and biomarker data would all provide useful adherence data, 

we used EHR prescriptions as a common resource that many clinical settings will have 

access to, though non-electronic prescription data would also be sufficient for these metrics. 

Using one of the largest real-world PrEP cohorts, we were able to evaluate EHR data using 

claims and biomarker data. As expected, EHR data overestimate actual adherence; not all 

prescriptions are filled and not all filled prescriptions are taken. We found that at least 60% 

of prescriptions were picked up, though importantly prescriptions may have been filled at 

outside pharmacies where claims data was not available for the analyses described. When 

possible, reporting fill rates may help contextualize EHR-based adherence measures. 

Certainly, use of pharmacy claims data will require organizations without prescribers to 

work closely with clinics and pharmacies if these EHR-based measures are to be used. 

However, TFV-DP results showed that PDC over the prior month had a high sensitivity but 

low specificity; individuals who do not meet the PDC threshold are likely not taking the 

drug, while most but not all individuals who meet the PDC threshold are taking the drug.
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In summary, total PrEP time most closely captures a strict definition of persistence, while 

PDC can assess persistence and adherence at a specific time point. PDC is a more 

conservative measure of adherence compared to MRxR, though it will likely still 

overestimate true adherence. While we did find larger differences by OR or RD across race/

ethnic groups using PDC-based measures relative to Total Time/MRxR measures, these may 

be a function of our data rather than inherent properties of the measures and should be 

examined further. Retention in care can be measured by quarterly HIV tests, either over all 

time or at specific time points, and may be relevant for agencies that partner with clinics and 

have visit history data. If other choices in time point or adherence level are appropriate for a 

specific study, these should be clearly stated so that comparisons can still be made. 

Consistent PrEP use terminology and definitions will help compare PrEP outcomes as this 

important HIV prevention strategy is increasingly implemented within ending the epidemic 

contexts.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2.

PrEP Patient Characteristics, Chicago 2011–2018

Full sample (n=6068) MSM Only
(n=5247)

DBS Data (n=169)

Age

<18 0.3% (13) 0.2% (10) 0% (0)

18–24 22.9% (1392) 21.0% (1103) 20.1% (34)

25–29 30.3% (1839) 31.0% (1625) 26.6% (45)

30–34 18.3% (1109) 19.2% (1006) 17.2% (29)

35–39 11.1% (672) 11.2% (585) 17.2% (29)

40–44 6.5% (393) 6.6% (346) 7.7% (13)

≥45 10.7% (650) 10.9% (572) 11.2% (19)

Race/Ethnicity

White 51.7% (3138) 54.9% (2878) 53.3% (90)

Black 18.2% (1107) 15.5% (812) 16.0% (227)

Latinx 21.7% (1316) 21.6% (1131) 24.9% (42)

Asian 5.9% (355) 5.9% (310) 5.3% (9)

Unknown 2.5% (152) 2.2% (116) 0.6% (1)

Gender

Cismen 89.1% (5408) 100% (5247) 89.4% (156)

Ciswomen 3.1% (190) -- 3.0% (5)

Transwomen 6.1% (370) -- 5.5% (14)

Transmen 1.7% (100) -- 2.8% (7)

Orientation

Gay 75.7% (4593) 85.4% (4481) 78.7% (133)

Bisexual 8.6% (521) 7.9% (416) 8.9% (15)

Straight 5.1% (311) 0.9% (46) 3.6% (6)

Other 10.6% (643) 5.8% (304) 8.9% (15)

Insurance

Private 57.7% (3499) 61.5% (3228) 61.5% (104)

Public 15.4% (935) 12.1% (635) 18.9% (32)

Self-pay/Uninsured 26.9% (1631) 26.4% (1383) 19.5% (33)

Baseline positive CT test 8.0% (488) 8.1% (427) 3.0% (5)

Baseline positive GC test 6.1% (365) 6.3% (332) 3.6% (6)

Baseline positive syphilis test 0% (0) 0% (0) 0% (0)

HIV acquired during observation 1.2% (75) 1.1% (59) 0.6% (1)
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Table 3.

Examples of PrEP Use Measures, by Race/Ethnicity among MSM, Chicago 2011–2019

Measures Over Total Duration

Black (n=812) Latinx (n=1131) White (n=2878) Total (n=5247)

Mean Total PrEP Time (SD)* 18.0 (13.7) 19.3 (14.1) 20.6 (14.3) 19.8 (14.2)

On PrEP at 6m* 75% (605) 77% (871) 81% (2333) 79% (4131)

Mean MRxR (SD)* 86% (23) 89% (21) 90% (19) 89% (20)

MRxR ≥85% on PrEP* 68% (553) 77% (866) 79% (2265) 77% (4016)

MRxR ≥57% on PrEP* 86% (702) 89% (1001) 91% (2633) 90% (4721)

Mean Quarterly Retention (SD)* 70% (23) 72% (23) 70% (22) 71% (23)

Measures at Specific Time Points

Black (n=812) Latinx (n=1131) White (n=2878) Total (n=5247)

Early PDC ≥85%* 40% (325) 50% (568) 57% (1651) 53% (2758)

Late PDC ≥85%* 23% (183) 31% (345) 36% (1039) 32% (1681)

Early PDC ≥57%* 45% (362) 55% (626) 62% (1783) 57% (3008)

Late PDC ≥57%* 26% (210) 35% (401) 41% (1185) 37% (1939)

Mean Early PDC (SD)* 75% (28) 79% (27) 84% (25) 81% (26)

Mean Late PDC (SD)* 62% (32) 68% (32) 74% (30) 70% (31)

Early Quarterly Retention* 51% (418) 60% (678) 62% (1793) 59% (3114)

 Late Quarterly Retention* 24% (195) 31% (352) 32% (923) 30% (1585)

*
Differences between Black, Latinx & White MSM were significant (p<0.05) by chi square tests (for binary measures) and Wilcoxon rank sum 

tests (for continuous measures).
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Table 4.

Comparison of PrEP Measures, by Race/Ethnicity Among MSM in the cohort, Chicago 2011–2019

Black (n=812) Latinx (n=1131) White (n=2878) Total (n=5247)

On PrEP at 6m 75% (605) 77% (871) 81% (2333) 79% (4131)

Early PDC ≥85% 40% (325) 50% (568) 57% (1651) 53% (2758)

Early PDC ≥57% 45% (362) 55% (626) 62% (1783) 57% (3008)

Mean MRxR (SD) 86% (23) 89% (21) 90% (19) 89% (20)

Mean Early PDC (SD) 75% (28) 79% (27) 84% (25) 81% (26)
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Table 5.

Binary PrEP Measures & HIV Acquisition, Among All Patients

Acquires HIV* (n=51) No HIV (n=5994) AUC (95% CI)

On PrEP at 6m 41.2% (21) 77.0% (4616) 0.68 (0.61, 0.75)

Early PDC ≥85% 21.6% (11) 50.1% (3002) 0.64 (0.59, 0.70)

Early PDC ≥57% 25.5% (13) 54.5% (3265) 0.64 (0.58, 0.71)

Early Quarterly Retention 33.3% (17) 57.7% (3460) 0.62 (0.56, 0.69)

*
HIV acquired between 6 & 24 months after PrEP initiation.
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