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Background. Pre-exposure prophylaxis (PrEP) effectiveness is highly dependent on medication adherence, which is associated 
with differential HIV risks and possibly sexually transmitted infection (STI).

Methods. This retrospective cohort study of PrEP users (01/01/2012–12/31/2021) used the MarketScan database of 
commercially insured enrollees to examine PrEP adherence trajectory groups’ associations with HIV and STI acquisition risks. 
Distinct PrEP adherence trajectories were identified by group-based trajectory modeling among individuals who used oral PrEP. 
The primary outcome was HIV acquisition incidence, and secondary was STI rate, compared among trajectory groups. Inverse 
probability treatment weighting time-varying Cox proportional hazards models assessed HIV acquisition, and Poisson 
regression models assessed STI.

Results. Among 23 258 oral PrEP users, 4 distinct PrEP adherence patterns were identified: minimal use (10.5% of the cohort), 
rapidly declining (25.4%), gradually declining (24.3%), and consistently high (39.8%). Compared with the minimal use group, the 
gradually declining (adjusted hazard ratio [AHR], 0.53; 95% CI, 0.31–0.90) and consistently high (AHR, 0.50; 95% CI, 0.30–0.84) 
PrEP adherence groups showed decreased HIV incidence risks. Compared with the minimal use group, the rapidly declining 
(adjusted incidence rate ratio [AIRR], 1.35; 95% CI, 1.07–1.72), gradually declining (AIRR, 1.73; 95% CI, 1.38–2.18), and 
consistently high (AIRR, 2.06; 95% CI, 1.64–2.58) groups were associated with increased STI risk.

Conclusions. These findings underscore the benefits of continuing and remaining adherent to PrEP and may also inform public 
health strategies, clinical guidelines, and interventions aimed at maximizing the effectiveness of PrEP in reducing new HIV 
infections while developing targeted strategies to prevent STIs with PrEP use.
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The US HIV epidemic continues to pose a considerable public 
health concern despite substantial advancements in prevention 
and treatment. The Centers for Disease Control and Prevention 
(CDC) estimates that ∼1.2 million people in the United States 

have HIV, including 13% who are unaware of their infection 
status [1]. In 2021, 32 100 new HIV cases were reported, mostly 
among individuals assigned male at birth (81%), individuals 
aged 13–34 years (58%), and individuals geographically located 
in the southern United States (52%) [1].

Several randomized clinical trials (RCTs) [2–4] have demon
strated the efficacy of oral emtricitabine-tenofovir disoproxil fu
marate (FTC-TDF) and emtricitabine-tenofovir alafenamide 
(FTC-TAF) in preventing HIV acquisition. The Pre-exposure 
Prophylaxis (PrEP) Initiative (iPrEx) [2] and DISCOVER [3] tri
als reported substantial HIV risk reduction with good adherence 
in men who have sex with men (MSM). These trials demonstrat
ed that adherence was crucial for PrEP efficacy, with high adher
ence leading to greater protection. A pharmacokinetic analysis of 
iPrEX revealed 99% HIV risk reduction with daily PrEP use [5]. 
Conversely, the Vaginal and Oral Interventions to Control the 
Epidemic (VOICE) trial showed no difference in HIV incidence 
between PrEP and placebo among women, as only 29% of the 
FTC-TDF group had detectable tenofovir levels, highlighting 
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the importance of adherence [6]. Several studies have used single 
measures, such as the proportion of days covered (PDC), to as
sess PrEP adherence, often applying arbitrary thresholds (eg, 
PDC ≥80%) [7, 8]. However, single measures may misinterpret 
diverse and evolving patterns of nonadherence that may provide 
insights for interventions. Some studies have sought to under
stand PrEP use patterns through group-based trajectory models 
(GBTMs) that identify distinct patient subgroups with similar 
medication use patterns and provide a trajectory of average med
ication adherence for each subgroup over time [9–11]. However, 
those studies did not evaluate HIV and STI outcomes associated 
with different PrEP use trajectories among commercially insured 
US PrEP users.

PrEP effectively reduces HIV transmission when used con
sistently, but concerns arise about potential increased STI 
risk due to behavior changes, known as PrEP-related risk 
compensation. With PrEP use, risk compensation may lead 
to increased condomless sex or number of sexual partners, re
sulting in STI acquisition [11], thereby diminishing the benefits 
of HIV prevention. Similar to many studies [12, 13], the 
PROUD (pre-exposure prophylaxis to prevent the acquisition 
of HIV-1 infection) study [14], an open-label trial of MSM ran
domly assigned to receive PrEP immediately or after 1 year, re
ported no significant difference in STI rates between groups, 
suggesting an absence of risk compensation. PROUD study 
findings were inconsistent with data from the Pre-exposure 
Prophylaxis Expanded (PrEPX) trial, an open-label study re
porting increased STI incidence during a 1.1-year follow-up 
[15]. On the other hand, evidence of risk compensation has 
been observed in other studies outside of clinical trials report
ing increases in anal condomless sex partners, rectal chlamydia, 
and urethral gonorrhea after PrEP initiation [7, 16].

Building on our prior research that identified trajectories of 
PrEP adherence and patient characteristics associated with the 
least and most PrEP adherence trajectories [11], this investiga
tion fills knowledge gaps in clinical practice outcomes of PrEP 
use. We used GBTM to identify unique trajectories of oral PrEP 
adherence and then examined associations between the trajec
tories and risks of HIV and STI diagnoses. Additionally, we 
compared rates of STI diagnosis before and after PrEP use 
within each trajectory group.

METHODS

Study Design and Data Sources

This retrospective cohort study of new PrEP users used the 
MarketScan Commercial Insurance Research Database 
from January 1, 2012, to December 31, 2021. This nationwide ad
ministrative claims database captures patient-level pharmacy 
and medical claims for health care services received by >273 
million employees and their dependents covered by employer- 
sponsored insurance, with a greater representation in the 

South. This study was approved by the University of Florida 
Institutional Review Board, which waived the requirement for 
obtaining informed patient consent because the data were dei
dentified. This study followed the Strengthening the Reporting 
of Observational Studies in Epidemiology (STROBE) reporting 
guideline for cohort studies.

Study Population

Using a previously developed algorithm [17], we identified in
dividuals aged 12 to 64 years in the MarketScan database who 
were prescribed at least 30 days of oral FTC-TDF or FTC-TAF 
for PrEP (Supplementary Figures 1 and 2). We required indi
viduals to have continuous enrollment in commercial health 
insurance for the 12 months preceding initiation of PrEP and 
30 days following initiation. We excluded individuals with di
agnosis codes (using International Classification of Diseases, 
Ninth [ICD-9] and Tenth [ICD-10] Revisions) or prescriptions 
for HIV, hepatitis B virus, or HIV postexposure prophylaxis 
(PEP) within the year before PrEP initiation and 30 days after 
initiation. At least 30 days of PrEP use was required to distin
guish from PEP use, which entails TDF/FTC or TAF/FTC in 
conjunction with raltegravir or dolutegravir for 28 days [18]. 
The index date was defined as day 31 following the start of 
PrEP (ie, day 1). This approach is consistent with literature us
ing a previously developed algorithm [17]. The baseline period 
was 1 year before PrEP initiation. To ensure a sufficient PrEP 
adherence trajectory evaluation period, individuals were fur
ther required to be HIV negative and continuously enrolled 
in commercial health insurance for 180 days from the index 
date to be added to the PrEP cohort.

Medication Adherence

Based on dispensing date and days’ supply, we calculated an 
interval-based (15 days) PDC, derived by dividing the total 
number of days covered with PrEP by 15 days in a 2-year pe
riod starting from the index date (GBTM assessment period). 
We calculated PDC until the earliest occurrence of disenroll
ment from the health insurance plan, HIV incidence, end of 
the GBTM assessment period (ie, 2 years), or end of the study 
(December 31, 2021).

Outcomes

The primary outcome was time to first HIV diagnosis, defined us
ing 1 inpatient or 2 outpatient claims with ICD-9 or ICD-10-CM 
codes (Supplementary Table 1) [19]. PrEP users were followed up 
from the index date plus 180 days (HIV outcome measurement 
period) until HIV outcome, end of continuous enrollment, end 
of follow-up (720 days from index date), or end of study 
(December 31, 2021), whichever occurred first (Supplementary 
Figure 1). HIV outcome analysis follow-up started on the index 
date plus 180 days because we required participants to be HIV 
negative in the first 180 days after the index date.
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In a sensitivity analysis, the HIV outcome was accessed be
yond the GBTM measurement period. Hence, individuals 
were censored at HIV outcome, loss of insurance enrollment, 
or end of study, whichever occurred first.

The secondary outcome was STI occurrence rate, defined us
ing a composite outpatient diagnosis of gonorrhea, chlamydia, 
or syphilis (Supplementary Table 1). We calculated the cumula
tive number of STI episodes per 90 days (count outcome). 
Because an STI diagnosis can occur multiple times during 
follow-up, STI claims within 30 days after a prior STI diagnosis 
claim were considered the same STI episode [15]. PrEP users 
were followed up from the index date (STI outcome measure
ment period) until HIV outcome, end of continuous enrollment, 
end of follow-up (720 days from index date), or end of study, 
whichever occurred first (Supplementary Figure 1). We further 
conducted a pre–post analysis, comparing the crude incidence 
of STI between each individual trajectory group before PrEP 
initiation (baseline) with itself after the index date. Like the 
STI outcome, STI history only considered gonorrhea, chlamydia, 
and syphilis.

Potential Confounders

Based on prior studies evaluating risk factors for HIV occur
rence [20], we included a priori a defined set of covariates 
(identified by ICD-9 and ICD-10 diagnoses codes, as applica
ble) measured during the baseline period, including demo
graphic characteristics, geographic region, insurance type, 
history of STI, substance use disorders, alcohol use disorder, 
PrEP initiation year, and severe mental illness (ie, major 
depression, schizophrenia, bipolar disorder, panic disorder, 
obsessive-compulsive disorder, post-traumatic stress, and bor
derline personality disorder) [20]. Race and ethnicity were not 
captured by the database, and thus were not included.

Statistical Analysis

We used GBTM to identify changing patterns of PrEP adher
ence over time. We used a flexible polynomial function of 
time (up to the fifth polynomial order) and a censored normal 
probability distribution to determine the number of PrEP ad
herence trajectory groups [21]. We used a dropout function 
in the GBTM to accommodate missing PDC. We selected the 
final model using a combination of the following: Bayesian in
formation criterion to compare different numbers of trajectory 
models, trajectory subgroup proportions of at least 10% to aid 
clinical interpretation and application, and Nagin criteria to 
evaluate the final model’s adequacy [21].

After identifying the final trajectory groups, we used the 
inverse probability of treatment weighting (IPTW) method to 
balance the differences in baseline patient characteristics and 
disease risk factors among trajectory groups. The predicted 
probability of an individual being assigned to a specific trajectory 
group (ie, propensity score) was estimated using multivariable 

logistic regression with the aforementioned baseline covariates. 
Balance between groups before and after IPTW was assessed us
ing standardized mean differences (SMDs), with values >0.10 
considered statistically significant differences. Among adherence 
trajectory groups, we calculated crude incidence rates for HIV. 
We used IPTW-weighted Cox proportional hazards regression 
models to compare risk of HIV outcome across PrEP adherence 
trajectories. HIV testing measured every 90 days (in alignment 
with PrEP guidelines) [22] was used as a time-varying covariate 
to mitigate detection bias.

For the STI outcome, we calculated each trajectory group’s 
crude STI incidence rate. We used IPTW-weighted Poisson re
gression models (for count data) to compare STI diagnosis 
rates between PrEP adherence trajectory groups. We reported 
incidence rate ratios (IRRs) adjusted for STI testing as a time- 
varying covariate. STI testing was measured every 90 days from 
the index date (consistent with PrEP use guidelines of every 3–6 
months) [22] to mitigate detection bias. For the pre–post anal
ysis, we calculated each trajectory group’s crude STI incidence 
rate in the baseline period, then used Poisson regression models 
to compare with rates during follow-up.

We used R Statistical Computing software, version 4.1.2, for 
data visualizations and performing IPTW calculations using 
the xgboost package and SAS, version 9.4 (SAS Institute 
Inc, NC), for other data analyses. A 2-sided P < .05 or 95% 
CI excluding 1 was considered statistically significant.

RESULTS

Among 23 258 new oral PrEP users identified, 22 233 (95.6%) 
were male (assigned at birth), 32.8% were 25 to 34 years of 
age, 39.6% resided in the US Southern region, 3509 (15.1%) 
had a severe mental illness, and 1361 (5.9%) received an STI 
diagnosis during the 1-year baseline period (Table 1). After 
assessing adherence trajectories with 2 to 5 groups, the final 
GBTM model included 4 groups (Supplementary Tables 2
and 3, Supplementary Figure 3). The 4 trajectory groups were 
PrEP minimal use (10.5%), rapidly declining (25.4%), gradu
ally declining (24.3%), and consistently high (39.8%) adher
ence groups (Figure 1). Characteristics of PrEP users by 
adherence group were comparable after IPTW (all maximum 
SMD <0.10) (Table 1).

HIV Incidence

We identified 172 HIV infections during a mean (SD) follow- 
up of 386 (185) days. Crude incidence values per 10 000 person- 
years were 71.41 in the consistently high, 59.90 in the gradually 
declining, 70.93 in the rapidly declining, and 87.88 in the min
imal use adherence groups (Table 2). In weighted IPTW Cox 
regression models, compared with the PrEP minimal use 
group, the gradually declining (adjusted hazard ratio [AHR], 
0.53; 95% CI, 0.31–0.90) and consistently high (AHR, 0.50; 
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95% CI, 0.30–0.84) adherence groups were associated with low
er risk of HIV. HIV risk between the minimal use and rapidly 
declining adherence groups was not statistically significantly 
different (AHR, 0.71; 95% CI, 0.43–1.18).

In the sensitivity analysis that assessed HIV outcome beyond 
the 2-year GBTM measurement period, compared with the 
PrEP minimal use group, only the consistently high adherence 
group was associated with lower risk of HIV (AHR, 0.57; 95% 
CI, 0.37–0.89) (Supplementary Table 4).

STI Rate

For the secondary outcome, 4540 STIs were identified, with a 
mean (SD) follow-up of 566 (185) days. The consistently high 
and gradually declining groups had the highest crude incidence 
rates of STI (Table 3). In weighted IPTW Poisson regression 
models, compared with the PrEP minimal use group, the con
sistently high (adjusted incidence rate ratio [aIRR], 2.06; 
95% CI, 1.64–2.58), gradually declining (aIRR, 1.73; 95% 

CI, 1.38–2.18), and rapidly declining (aIRR, 1.35; 95% CI, 
1.07–1.72) adherence groups were associated with higher risk 
of STI (Table 3).

In pre–post analyses, the crude incidence of STI diagnosis 
was 72.1 per 1000 person-years during the baseline period 
and 125.87 per 1000 person-years during follow-up. Within 
the adherence trajectory groups, there was a statistically signifi
cant increase in STI crude incidence rates from baseline to after 
the index date for the gradually declining and consistently high 
PrEP adherence groups (Table 4).

DISCUSSION

This retrospective cohort study of a nationally representative 
sample of the general US population with oral PrEP use iden
tified adherence trajectories based on longitudinal PrEP adher
ence patterns and assessed their associated risk of HIV and STI. 
We identified 4 PrEP adherence trajectories during 2 years 
of PrEP use. Distinct PrEP adherence trajectory groups were 

Table 2. Incidence of HIV Among PrEP Adherence Trajectory Groups

Variable

PrEP Adherence Trajectory Group

Consistently High  
(n = 9246)

Gradually Declining  
(n = 5658)

Rapidly 
Declining (n = 5918)

Minimal Use 
(n = 2436)

No. of events 71 38 42 21

Follow-up duration, mean (SD), da 392.51 (189.55) 409.27 (173.89) 365.23 (183.42) 358.04 (189.33)

Crude incidence, per 10 000 person-years 71.41 59.90 70.93 87.88

Unadjusted HR (95% CI) 0.65 (0.40–1.05) 0.63 (0.37–1.05) 0.72 (0.43–1.20) Reference

Adjusted HR (95% CI)b 0.50 (0.30–0.84) 0.53 (0.31–0.90) 0.71 (0.43–1.18) Reference

0.70 (0.46–1.08) 0.75 (0.48–1.17) Reference …

0.94 (0.62–1.42) Reference … …

Abbreviations: HR, hazard ratio; PrEP, pre-exposure prophylaxis.  
aFollow-up from index date plus 180 days.  
bHIV testing was controlled as a time-varying covariate (adjusted HR, 1.22; 95% CI, 1.07–1.40).

Figure 1. Adherence trajectories of PrEP use across 2 years from the index date. There was a total of 23 258 PrEP users. The minimal use group was the reference. 
Abbreviations: PDC, proportion of days covered; PrEP, pre-exposure prophylaxis.
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associated with different clinical outcome risks. Compared with 
the minimal PrEP use group, consistently high PrEP adherence 
and gradually declining PrEP adherence were associated with 
significantly decreased risk of HIV acquisition. Those groups 
also had higher rates of STI.

Overall, our findings were consistent with those from previous 
studies, including iPrEX and Partners PrEP, which showed low 
HIV risk among patients with high adherence to PrEP [2, 4, 
14]. A meta-analysis of RCTs also showed a strong association 
between PrEP adherence and PrEP efficacy, reporting 86% 
HIV risk reduction with at least 80% PrEP adherence, but only 
45% HIV risk reduction with lower than 80% PrEP adherence 
[23]. Our results corroborate those of a prospective open-label 
GBTM study of PrEP users conducted in Australia that similarly 
identified 4 adherence trajectory groups and reported increasing 
HIV risk reduction with each higher PrEP adherence group than 
the least adherent group [9]. Similar to that study, we observed 
substantial nonadherence or a decrease in adherence over 
time, in line with previous concerns about high rates of PrEP 
discontinuation within 2 years of PrEP initiation [24, 25]. 
Individuals in this group face an elevated risk of contracting 
HIV. An observational study involving MSM with a 92% adher
ence rate to PrEP revealed no HIV seroconversions while using 

PrEP [7]. However, 2 participants in that study contracted HIV a 
few months after discontinuing PrEP. While the CDC recom
mends a daily PrEP regimen, we also found lower HIV risk in 
the trajectory group with gradually declining adherence, which 
can be explained by some protective effects of imperfect PrEP 
adherence, albeit not as much protection as a daily regimen 
[5, 26]. However, in our sensitivity analysis that followed up 
on patients for longer, there was a trend toward lower risk of 
HIV for the gradually declining PrEP adherence group, although 
it was not statistically significant. Our results thus support the 
importance of maintaining high adherence to PrEP through a 
daily PrEP regimen to ensure continuous protection from HIV.

By contrast, we found that groups with higher PrEP adher
ence were associated with increased risk of STI compared 
with the minimal use group. Additionally, our pre–post analy
sis showed that the more adherent PrEP groups had a statisti
cally significant increase in incidence rates of STI after PrEP 
initiation. Our results contrast with those of some studies, in
cluding the PROUD trial, which found no evidence of risk 
compensation through increased STI acquisition and inconsis
tent reports on changes in condom use [12, 14, 27, 28]. One 
argument against risk compensation associates the influence 
of sexual networks with infectious disease dynamics [27, 29], 

Table 3. Incidence Rate of Sexually Transmitted Infection Among PrEP Adherence Trajectory Groups (Secondary Outcome)

Variable

PrEP Adherence Trajectory Group

Consistently High  
(n = 9246)

Gradually Declining  
(n = 5658)

Rapidly Declining 
(n = 5918)

Minimal Use 
(n = 2436)

No. of events 2467 1178 714 181

Follow-up duration, mean (SD), da 572.51 (189.55) 589.27 (173.89) 545.23 (183.42) 538.04 (189.33)

Crude incidence per 1000 person-years 170.09 (68.26–177.03) 128.85 (121.91–136.51) 80.67 (75.19–86.87) 50.37 (43.43–58.40)

Unadjusted IRR (95% CI) 3.07 (2.45–3.84) 2.28 (1.81–2.88) 1.46 (1.14–1.86) Reference

Adjusted IRR (95% CI)b 2.06 (1.64–2.58) 1.73 (1.38–2.18) 1.35 (1.07–1.72) Reference

1.52 (1.33–1.74) 1.28 (1.12–1.47) Reference …

1.19 (1.07–1.31) Reference … …

Abbreviations: IRR, incidence rate ratio; PrEP, pre-exposure prophylaxis.  
aFollow-up from index date.  
bSTI testing was controlled as a time-varying covariate (adjusted incident rate ratio, 1.26; 95% CI, 1.24–1.28).

Table 4. Sexually Transmitted Infection Rates Before and After PrEP Initiation by Adherence Trajectory Group

Group

Before PrEP Initiation After PrEP Index Date

No. of  
Events

Follow-up  
Duration, Mean, d

Crude Incidence per  
1000 Person-Years

No. of  
Events

Mean  
LOF, d

Crude Incidence per  
1000 Person-Years P Value

Consistently high 681 365 73.65 
(68.26–79.57)

2467 572.51 170.09 
(68.26–177.03)

<.001

Gradually declining 460 365 81.30 
(74.10–89.06)

1178 589.27 128.85 
(121.91–136.51)

<.001

Rapidly declining 427 365 72.15 
(65.70–79.21)

714 545.23 80.67 
(75.19–86.87)

.07

Minimal use 123 365 50.49 
(43.34–60.23)

181 538.04 50.37 
(43.43–58.40)

.99

Abbreviations: LOF, length of follow-up; PrEP, pre-exposure prophylaxis.
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with variables such as concurrency and network size being rec
ognized as significant HIV and STI risk factors [30, 31]. Thus, 
increasing condomless sexual acts with PrEP use may not sig
nificantly change the likelihood of acquiring STIs within the 
same sexual network [27]. While this argument is plausible, it 
is worth considering the possibility of shifting sexual norms, 
as a meta-analysis highlighted that more recent studies report
ed greater increases in STI diagnoses than older studies [32]. 
Our results align with those studies, including the PrEPX trial 
and 2 meta-analyses that reported increased STI rates with 
PrEP initiation [15, 32, 33]. A meta-analysis also reported evi
dence of increased condomless sex among MSM who use PrEP 
[32]. Higher STI rates and behavioral change have been postu
lated to be associated with a perception of reduced risk for HIV, 
leading to a higher willingness to engage in riskier sexual 
behavior [34, 35]. It may also plausibly be attributed to priori
tization of risk communication on HIV over other STIs and 
condom use during counseling for PrEP use [36, 37]. Similar 
to the meta-analyses referenced above, our results corroborate 
the association of STI incidence with distinct patterns of PrEP 
adherence. Additional investigations are needed to compre
hensively evaluate correlations between provider communica
tion, risk compensation behavior, condom use, and PrEP 
adherence.

Our findings using GBTM support the importance of PrEP 
adherence for prevention of HIV, as groups with the highest 
adherence had the lowest HIV acquisition rates. However, 
they also suggest that users with consistently high PrEP adher
ence may have sexual behavior that increases the risk for STI 
acquisition compared with the PrEP minimal use group in clin
ical practice. The increase in STI rate appeared to be most sub
stantial in the group with consistently high PrEP adherence, 
suggesting that this group was more likely to engage in sexual 
risk-taking behaviors and was most in need of PrEP to prevent 
HIV acquisition. While these individuals may be protected 
from HIV, the high incidence of STI presents a public health 
concern as the United States faces escalating rates of STI [38, 
39]. Hence, a renewed focus on PrEP adherence, including 
the use of tools such as DoxyPEP [40] for preventing bacterial 
STIs, along with comprehensive STI counseling, is essential for 
this population. Our study highlights the importance of PrEP 
adherence and the need for frequent and consistent HIV and 
STI testing given previously published studies that reported 
suboptimal testing in this population [41, 42]. The use of 
PrEP is essential in the fight against the HIV epidemic, and ef
forts to further expand PrEP use among the individuals most at 
risk are necessary.

Limitations

This study has several limitations. First, our study relied on 
administrative data that lacked information on reasons for 
treatment discontinuation and on sexual and other social 

behaviors. To address the lack of behavior information, we con
trolled HIV and STI testing as time-varying covariates. Second, 
we used PDC based on pharmacy claims as a proxy measure of 
medication adherence, but we could not determine whether 
beneficiaries took the medications daily or on-demand (eg, 
2-1-1 PrEP). Hence, we cannot infer a causal relationship be
tween nondaily PrEP and outcomes, only an association. It is 
noteworthy that the Ipergay trial reported a relative risk reduc
tion of 86% with on-demand PrEP use compared with placebo 
[26]. On the other hand, daily PrEP use has been associated 
with a 99%–100% HIV risk reduction with high adherence 
[5, 7]. Third, despite incorporating numerous covariates, we 
cannot exclude the possibility of unmeasured confounding re
lated to race and ethnicity, which were not captured in our data. 
This is significant due to the observed racial disparities in PrEP 
use [43] and HIV incidence [1]. Fourth, although we used codes 
previously validated for such purposes, incomplete, missing, 
or miscoded claims may have affected our findings; however, 
coding errors are likely to be similarly distributed among 
the adherence trajectory groups. Fifth, our models did not in
corporate the use of DoxyPEP, whose guidelines for use as an 
STI prevention strategy were released by the CDC after the 
study period (October 2023) [44]. Future studies assessing 
the relationship between PrEP adherence and STI occurrences 
should incorporate DoxyPEP as it is likely to impact outcomes. 
Finally, this study evaluated PrEP use only in individuals who 
were commercially insured, and thus our findings may not 
be applicable to other populations, such as uninsured individ
uals or those with public health insurance like Medicare or 
Medicaid.

CONCLUSIONS

This population-based retrospective cohort study provides 
evidence for the association of PrEP adherence with clinical 
outcomes among commercially insured PrEP users. Our find
ings indicated that groups with consistently high or gradually 
declining medication adherence trajectories were associated 
with lower risk of HIV compared with the PrEP minimal 
use group. However, groups with consistently high or gradu
ally declining PrEP adherence were also associated with in
creased risk of STI. These findings may inform public health 
strategies, clinical guidelines, and interventions aimed at max
imizing the effectiveness of PrEP use for reducing new HIV 
infections while developing targeted strategies to prevent 
STIs with PrEP use.

Supplementary Data
Supplementary materials are available at Open Forum Infectious Diseases 

online. Consisting of data provided by the authors to benefit the reader, the 
posted materials are not copyedited and are the sole responsibility of the 
authors, so questions or comments should be addressed to the correspond
ing author.

Trajectories of Adherence to Oral Pre-exposure Prophylaxis and Risks of HIV • OFID • 7

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/11/10/ofae569/7804282 by Bibliothèque de l'IR

M
AR

 user on 11 M
arch 2025

http://academic.oup.com/ofid/article-lookup/doi/10.1093/ofid/ofae569#supplementary-data


Acknowledgments
We would like to thank Debbie Wilson, who proofread this manuscript 

and provided very valuable suggestions on modifications. We would also 
like to thank Augustus Igbokwe, who provided his clinical expertise on sex
ually transmitted infections.

Author contributions. Concept and design: I.U., H.P. Acquisition, anal
ysis, or interpretation of data: I.U., A.G., H.P. Drafting of the manuscript: 
all authors. Critical revision of the manuscript for important intellectual 
content: all authors. Statistical analysis: I.U., W.L., H.P. Obtained funding: 
H.P. Administrative, technical, or material support: I.U., R.C., J.J., H.P. 
Supervision: A.G. W.L., R.C., J.J., H.P.

Disclaimer. The views presented here are those of the authors alone and 
do not necessarily represent the views of the Department of Veterans Affairs.

Data availability. Data used were from the MarketScan database. Data 
are not publicly available.

Patient consent. The patients’ written consent and requirement of in
formed patient consent were not required due to this study being secondary 
research of deidentified data from a commercially available data set. This 
study has been exempted by the University of Florida Institutional 
Review Board.

Access to data. Dr. Unigwe had full access to all the data in the study and 
takes responsibility for the integrity of the data and the accuracy of the data 
analysis.

Financial support. Research reported in this publication was supported 
in part by the National Institute on Drug Abuse of the National Institutes of 
Health under award number K01DA045618 (to H.P.). The content is solely 
the responsibility of the authors and does not necessarily represent the of
ficial views of the National Institutes of Health.

Potential conflicts of interest. I.U. is now an employee of Boehringer 
Ingelheim. This work was conducted when he was affiliated with the 
University of Florida. H.P. received grants from the Bristol-Myers 
Squibb/Pfizer Alliance American Thrombosis Investigator Initiated 
Research Program (ARISTA-USA) unrelated to this work in the past 2 
years. W.L. received research funding from Merck Sharp & Dohme Corp 
and Bristol Myers Squibb and was compensated consulting service by 
Teva Pharmaceuticals unrelated to this work in the past 2 years. The other 
authors have no conflicts of interest to disclose.

References
1. HIV.gov. US statistics. Available at: https://www.hiv.gov/hiv-basics/overview/ 

data-and-trends/statistics. Accessed October 14, 2022.
2. Grant RM, Lama JR, Anderson PL, et al. Preexposure chemoprophylaxis for HIV 

prevention in men who have sex with men. N Engl J Med 2010; 363:2587–99.
3. Mayer KH, Molina J-M, Thompson MA, et al. Emtricitabine and tenofovir alafe

namide vs emtricitabine and tenofovir disoproxil fumarate for HIV pre-exposure 
prophylaxis (DISCOVER): primary results from a randomised, double-blind, 
multicentre, active-controlled, phase 3, non-inferiority trial. Lancet 2020; 396: 
239–54.

4. Baeten JM, Donnell D, Ndase P, et al. Antiretroviral prophylaxis for HIV preven
tion in heterosexual men and women. N Engl J Med 2012; 367:399–410.

5. Anderson PL, Glidden DV, Liu A, et al. Emtricitabine-tenofovir concentrations 
and pre-exposure prophylaxis efficacy in men who have sex with men. Sci 
Transl Med 2012; 4:151ra125.

6. Marrazzo JM, Ramjee G, Richardson BA, et al. Tenofovir-based preexposure pro
phylaxis for HIV infection among African women. N Engl J Med 2015; 372:509–18.

7. Marcus JL, Hurley LB, Hare CB, et al. Preexposure prophylaxis for HIV preven
tion in a large integrated health care system: adherence, renal safety, and discon
tinuation. J Acquir Immune Defic Syndr 2016; 73:540–6.

8. Downing J, Yee K, Sevelius JM. Prep use and adherence among transgender 
patients. AIDS Behav 2022; 26:1251–9.

9. Jin F, Amin J, Guy R, et al. Adherence to daily HIV pre-exposure prophylaxis in a 
large-scale implementation study in New South Wales, Australia. AIDS 2021; 35: 
1987–96.

10. Pyra M, Brewer R, Rusie L, Kline J, Willis I, Schneider J. Long-term HIV pre- 
exposure prophylaxis trajectories among racial & ethnic minority patients: short, 
declining, & sustained adherence. J Acquir Immune Defic Syndr 2022; 89:166–71.

11. Unigwe I, Goodin A, Lo-Ciganic W-H, Cook RL, Park H. Trajectories of pre- 
exposure prophylaxis (PrEP) adherence among commercially insured individuals. 
Clin Infect Dis 2023; 78:1272–5.

12. Marcus JL, Glidden DV, Mayer KH, et al. No evidence of sexual risk compensation in 
the iPrEx trial of daily oral HIV preexposure prophylaxis. PLoS One 2013; 8:e81997.

13. Liu AY, Vittinghoff E, Chillag K, et al. Sexual risk behavior among 
HIV-uninfected men who have sex with men participating in a tenofovir preex
posure prophylaxis randomized trial in the United States. J Acquir Immune 
Defic Syndr 2013; 64:87–94.

14. McCormack S, Dunn DT, Desai M, 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; 387:53–60.

15. Traeger MW, Cornelisse VJ, Asselin J, et al. Association of HIV preexposure pro
phylaxis with incidence of sexually transmitted infections among individuals at 
high risk of HIV infection. JAMA 2019; 321:1380–90.

16. Oldenburg CE, Nunn AS, Montgomery M, et al. Behavioral changes following up
take of HIV pre-exposure prophylaxis among men who have sex with men in a 
clinical setting. AIDS Behav 2018; 22:1075–9.

17. Huang Y-LA, Zhu W, Smith DK, Harris N, Hoover KW. HIV preexposure pro
phylaxis, by race and ethnicity—United States, 2014–2016. MMWR Morb 
Mortal Wkly Rep 2018; 67:1147–50.

18. National Institutes of Health. Post-exposure prophylaxis (PEP). Available at: 
https://hivinfo.nih.gov/understanding-hiv/fact-sheets/post-exposure-prophylaxis- 
pep. Accessed June 26, 2024.

19. Antoniou T, Zagorski B, Loutfy MR, Strike C, Glazier RH. Validation of case- 
finding algorithms derived from administrative data for identifying adults living 
with human immunodeficiency virus infection. PLoS One 2011; 6:e21748.

20. Bossonario PA, Ferreira MRL, de Andrade RLP, et al. Risk factors for HIV infec
tion among adolescents and the youth: a systematic review. Rev Lat Am 
Enfermagem 2022; 30:e3697.

21. Nagin DS. Group-Based Modeling of Development. Havard University Press; 2005.
22. US Public Health Service. Preexposure Prophylaxis for the Prevention of 

HIV Infection in the United States—2017 Update. Centers for Disease Control 
and Prevention; 2018. chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj. 
Available at: https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017. 
pdf. Accessed December 10, 2022.

23. Murchu E O, Marshall L, Teljeur C, et al. Oral pre-exposure prophylaxis (PrEP) to 
prevent HIV: a systematic review and meta-analysis of clinical effectiveness, safety, 
adherence and risk compensation in all populations. BMJ Open 2022; 12:e048478.

24. Spinelli MA, Buchbinder SP. Pre-exposure prophylaxis persistence is a critical is
sue in PrEP implementation. Clin Infect Dis 2020; 71:583–5.

25. Coy KC, Hazen RJ, Kirkham HS, Delpino A, Siegler AJ. Persistence on HIV pre
exposure prophylaxis medication over a 2-year period among a national sample of 
7148 PrEP users, United States, 2015 to 2017. J Int AIDS Soc 2019; 22:e25252.

26. Molina J-M, Capitant C, Spire B, et al. On-demand preexposure prophylaxis in 
men at high risk for HIV-1 infection. N Engl J Med 2015; 373:2237–46.

27. Bristow CC, Hassan A, Moore DJ, et al. Sexually transmitted infections among 
participants in an HIV PrEP adherence trial. Int J STD AIDS 2022; 33:397–403.

28. McManus H, Grulich AE, Amin J, et al. Comparison of trends in rates of sexually 
transmitted infections before vs after initiation of HIV preexposure prophylaxis 
among men who have sex with men. JAMA Netw Open 2020; 3:e2030806.

29. Kao S-YZ, Enns EA. Follow the sex: influence of network structure on the effec
tiveness and cost-effectiveness of partner management strategies for sexually 
transmitted infection control. Sex Transm Dis 2020; 47:71–9.

30. Aral SO, Hughes JP, Stoner B, et al. Sexual mixing patterns in the spread of gon
ococcal and chlamydial infections. Am J Public Health 1999; 89:825–33.

31. Service S, Blower SM. HIV transmission in sexual networks: an empirical analysis. 
Proc Biol Sci 1995; 260:237–44.

32. Traeger MW, Schroeder SE, Wright EJ, et al. Effects of pre-exposure prophylaxis 
for the prevention of human immunodeficiency virus infection on sexual risk be
havior in men who have sex with men: a systematic review and meta-analysis. Clin 
Infect Dis 2018; 67:676–86.

33. Georgiadis N, Papamichail D, Lytras T, et al. The impact of HIV pre-exposure 
prophylaxis on bacterial sexually transmitted infection occurrence in MSM: a sys
tematic review and meta-analysis. AIDS 2024; 38:1033–45.

34. Kumar S, Haderxhanaj LT, Spicknall IH. Reviewing PrEP’s effect on STI inci
dence among men who have sex with men-balancing increased STI screening 
and potential behavioral sexual risk compensation. AIDS Behav 2021; 25:1810–8.

35. 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; 22:3566–75.

36. Quaife M, MacGregor L, Ong JJ, et al. Risk compensation and STI incidence in 
PrEP programmes. Lancet HIV 2020; 7:e222–3.

37. Wilson K, Bleasdale J, Przybyla SM. Provider-patient communication on pre- 
exposure prophylaxis (prep) for HIV prevention: an exploration of healthcare 
provider challenges. Health Commun 2021; 36:1677–86.

8 • OFID • Unigwe et al

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/11/10/ofae569/7804282 by Bibliothèque de l'IR

M
AR

 user on 11 M
arch 2025

https://HIV.gov
https://www.hiv.gov/hiv-basics/overview/data-and-trends/statistics
https://www.hiv.gov/hiv-basics/overview/data-and-trends/statistics
https://hivinfo.nih.gov/understanding-hiv/fact-sheets/post-exposure-prophylaxis-pep
https://hivinfo.nih.gov/understanding-hiv/fact-sheets/post-exposure-prophylaxis-pep
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017.pdf
https://www.cdc.gov/hiv/pdf/risk/prep/cdc-hiv-prep-guidelines-2017.pdf


38. NCSD. US STI rates hit another high. Available at: https://www.ncsddc.org/u-s- 
sti-rates-hit-another-high/. Accessed November 27, 2023.

39. Unigwe I, Yang S, Song HJ, et al. Trends in sexually transmitted infections 
in United States ambulatory care clinics from 2005–2016. J Clin Med 2021; 
11:71.

40. Mårdh O, Plachouras D. Using doxycycline for prophylaxis of bacterial sexually 
transmitted infections: considerations for the European Union and European 
Economic Area. Euro Surveill 2023; 28:2300621.

41. Unigwe IF, Cook RL, Janelle JW, Park H. Trends in recommended screening and 
monitoring tests for users of HIV pre-exposure prophylaxis before and during the 
COVID-19 pandemic. AJPM Focus 2023; 2:100134.

42. Huang Y-LA, Tao G, Samandari T, Hoover KW. Laboratory testing of a cohort of 
commercially insured users of HIV preexposure prophylaxis in the United States, 
2011–2015. J Infect Dis 2018; 217:617–21.

43. Sullivan PS, DuBose SN, Castel AD, et al. Equity of PrEP uptake by race, ethnicity, 
sex and region in the United States in the first decade of PrEP: a population-based 
analysis. Lancet Reg Health Am 2024; 33:100738.

44. Federal Register. Guidelines for the use of doxycycline post-exposure prophylaxis for 
bacterial sexually transmitted infection (STI) prevention; request for comment and in
formational presentation. Available at: https://www.federalregister.gov/documents/ 
2023/10/02/2023-21725/guidelines-for-the-use-of-doxycycline-post-exposure- 
prophylaxis-for-bacterial-sexually-transmitted. Accessed June 24, 2024.

Trajectories of Adherence to Oral Pre-exposure Prophylaxis and Risks of HIV • OFID • 9

D
ow

nloaded from
 https://academ

ic.oup.com
/ofid/article/11/10/ofae569/7804282 by Bibliothèque de l'IR

M
AR

 user on 11 M
arch 2025

https://www.ncsddc.org/u-s-sti-rates-hit-another-high/
https://www.ncsddc.org/u-s-sti-rates-hit-another-high/
https://www.federalregister.gov/documents/2023/10/02/2023-21725/guidelines-for-the-use-of-doxycycline-post-exposure-prophylaxis-for-bacterial-sexually-transmitted
https://www.federalregister.gov/documents/2023/10/02/2023-21725/guidelines-for-the-use-of-doxycycline-post-exposure-prophylaxis-for-bacterial-sexually-transmitted
https://www.federalregister.gov/documents/2023/10/02/2023-21725/guidelines-for-the-use-of-doxycycline-post-exposure-prophylaxis-for-bacterial-sexually-transmitted

	Trajectories of Adherence to Oral Pre-exposure Prophylaxis and Risks of HIV and Sexually Transmitted Infections
	METHODS
	Study Design and Data Sources
	Study Population
	Medication Adherence
	Outcomes
	Potential Confounders
	Statistical Analysis

	RESULTS
	HIV Incidence
	STI Rate

	DISCUSSION
	Limitations

	CONCLUSIONS
	Supplementary Data
	Acknowledgments
	References


