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Objective: To present detailed analyses of long-term pre-exposure
prophylaxis (PrEP) use and associated behaviors and perceptions
among young Kenyan women.

Design: Prospective, observational cohort.

Methods: The Monitoring PrEP among Young Adult women Study
involved 18 to 24-year-old women at high HIV risk initiating PrEP in
Kisumu and Thika, Kenya. Visits for PrEP counseling and dispens-
ing, HIV testing, and socio-behavioral data collection occurred at

Month 1 and quarterly for 2 years. PrEP adherence was measured
with pharmacy refill and real-time electronic monitoring, plus
tenofovir diphosphate levels in 15% of participants. HIV risk
behavior and perception were assessed by self-report in weekly short
message service surveys from Months 6–24. Predictors of adherence
were assessed with multivariable logistic regression analysis.

Results: Three hundred forty-eight women (median age 21, VOICE
risk score 7) were followed for 617 person-years. Pharmacy refills
steadily declined from 100% (Month 0–1) to 54% (Months 22–24).
Average electronically monitored adherence similarly declined from
65% (Month 0–1) to 15% (Months 22–24). Electronically monitored
adherence had moderately high concordance with tenofovir diphos-
phate levels (67%). High average adherence (5+ doses/week) was
seen at 385/1898 (20%) participant-visits and associated with low
baseline VOICE risk score, .1 current sexual partner, #1-hour
travel time to clinic, and the Kisumu site. short message service-
reported behavior and risk perception were not associated with
adherence. Four women acquired HIV (incidence 0.7/100 person-
years).

Conclusions: PrEP adherence was modest and declined over time.
HIV risk was inconsistently associated with adherence; clinic access
and site-level factors were also relevant. Relatively low HIV
incidence suggests participants may have achieved protection
through multiple strategies.
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Young women accounted for nearly 60% of all new HIV
infections in sub-Saharan Africa in 2019, reflecting an

estimated 7000 infections each week.1 This population is thus
a high priority for HIV prevention. Until recently, HIV pre-
vention tools for young women have primarily consisted of HIV
education, delayed sexual debut, condom use, and a monoga-
mous relationship with a partner known to be HIV-negative.2

Pre-exposure prophylaxis (PrEP) is an additional, highly effective
HIV prevention tool when taken daily during periods of HIV
exposure, yet adherence to PrEP has been low among young
women in phase III clinical trials and in more recent studies,
demonstration projects, and real world settings.3–8
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Adherence behavior is challenging to understand,
particularly in clinical programs where practical consider-
ations limit measurement tools to self-report and pharmacy
refills. Although potentially informative, these measures often
overestimate adherence and do not describe daily adherence
patterns.9,10 The latter is particularly important for PrEP, as
high adherence is most important around periods of high risk
for HIV acquisition. This concept, known as prevention-
effective adherence,11 can best be explored through day-to-
day measurement of adherence, such as can be accomplished
with electronic monitors (ie, “smart” pill boxes that record a
date-and-time stamp of each opening as a proxy for
pill ingestion).

Knowledge of prevention-effective PrEP adherence
also requires that adherence measures are accompanied by
contemporaneous assessments of HIV risk behavior. Numer-
ous approaches have been developed to assess this risk in
various populations, including questions and scores based on
behaviors (eg, condomless sex), knowledge (eg, understand-
ing of HIV transmission), and perceptions (eg, belief in HIV
prevention tools).12–14 The ability of these measures to
provide accurate and meaningful information about potential
HIV exposure, however, is unclear.15

To date, no studies have used electronic monitors in
combination with measures of HIV risk to understand
prevention-effective PrEP adherence among young women
in sub-Saharan Africa. Here, we present multiple measures
of adherence among young women offered PrEP over 2
years in Kenya. Our objective was to obtain a detailed
understanding of PrEP adherence over time and identify
predictors of adherence, including repeated measures of HIV
risk behavior.

METHODS

Setting and Participants
The Monitoring PrEP among Young Adult women

(MPYA, meaning “new” in Swahili) Study involved young
women in Thika and Kisumu, Kenya at high risk for HIV
acquisition. The estimated HIV prevalence among women
in Thika (peri-urban) and Kisumu (rural) are 5.9% and
17.4%, respectively.16 We enrolled participants from
December 21, 2016 through February 5, 2018. We
identified potential participants from multiple locations:
colleges/vocational institutions, informal settlements, and
community-based organizations providing primary health
care and other services to young women, including those
engaged in sex work. We defined high risk as a VOICE
risk score $5 (suggesting a risk of .5 infections/100
person-years)12 with points given for age ,25 (2 points),
being single or not living with a primary sexual partner (2
points), lacking financial or material support from a sexual
partner (1 point), a sexual partner having or potentially
having other partners (2 points), and alcohol use (1 point).
We also recruited women whose sexual partner had known
or suspected HIV infection. Other inclusion criteria were
assigned female gender at birth, age 18–24 years at
enrollment, wanting and being clinically safe to start PrEP

(creatinine clearance .60 mL/min, no hepatitis B infection
or other complicating medical condition), sexually active
within the prior 3 months, ownership of a cellular phone,
ability to send short message service (SMS), willingness to
use an electronic adherence monitor, and intention to stay
in the area for at least 1 year. Pregnancy and breast-feeding
were exclusion criteria for study entry (reflecting evolving
PrEP safety data at the time), but those who became
pregnant had the option to continue PrEP. Continued PrEP
use during breastfeeding was later allowed midway
through the study, if desired, reflecting new evidence of
safety.17 We excluded women concurrently participating
in other HIV prevention studies.

Study Procedures
We followed participants prospectively for a 2-year

period ending on March 27, 2020. Study visits occurred at
month 1, month 3, and then quarterly thereafter. If HIV
testing per Kenyan national guidelines18 was negative, PrEP
was offered as open-label emtricitabine (200 mg)/tenofovir
disoproxil fumarate (300 mg) to be taken as a single, once
daily tablet. Participants were provided with a 30-day supply
at enrollment and offered a 60-day supply at the month 1 visit
and 90-day supplies thereafter. Consistent with the concept of
prevention-effective adherence,11 all participants were
encouraged to take PrEP for the first 6 months of the study
based on high risk at enrollment and counseled thereafter to
take PrEP if they remained at high risk and interested in PrEP.
The study also involved a randomized controlled trial of SMS
reminders to support PrEP adherence that showed no
benefit.19

Participants completed demographic and socio-
behavioral questionnaires at each study visit with data capture
in REDCap.20 Potential factors influencing PrEP adherence
focused primarily on the individual (ie, demographic charac-
teristics, beliefs, preferences) and her partnership (ie, sexual
behavior, relationship dynamics), but also included commu-
nity (ie, PrEP disclosure, stigma) and structural (ie, study site,
travel time) factors to reflect socio-ecological theory.21 We
used scales validated in similar settings where possible.
Specifically, we assessed for depression symptoms with the
patient health questionnaire-2,22 perceived HIV stigma with a
modified Berger scale,23 self-esteem with the Rosenberg
scale,24 problematic alcohol use with the RAPS-4,25 percep-
tions of necessity for PrEP and concern about PrEP use by a
modified Belief and Medicine Questionnaire (BMQ) with
permission and input from Dr. Rob Horne,26 risk attitudes by
eliciting preferences on a standard series of hypothetical
lottery and gamble scenarios,27,28 intimate partner violence
with a modified Conflict Tactics scale,29 and relationship
power with the Sexual Relationship Power Scale (SRPS).30

We collected socio-behavioral data quarterly aside from
necessity and concerns (collected semi-annually) and stigma,
self-esteem, risk attitudes (collected annually); this schedule
limited the questionnaire burden in this young population.
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Adherence Measures
We measured PrEP adherence in all participants by

pharmacy refill and with a real-time electronic monitor
(Wisepill Technologies, Cape Town, South Africa). This
device transmits a date-and-time stamp of each opening. It
also demonstrates functionality through transmission of a
daily electronic heartbeat (ie, battery life, signal strength).
Records of device openings are stored for later transmission
in the event of poor cellular network coverage. Devices have
a battery life of ;6 months. We encouraged participants to
bring their devices to each study visit for battery replacement.
Dried blood spots (DBS) were also collected at each quarterly
visit and stored at280 °C for batched processing. We tested a
15% random sample of DBS from nonpregnant participants
receiving PrEP for tenofovir diphosphate levels (TFV-DP)
using a validated liquid chromatography–tandem mass spec-
trometry assay31; TFV-DP levels reflect average adherence
over several weeks before collection.32

We determined pharmacy refill adherence as the percent
of participants picking up PrEP at each study visit. We used
electronic monitoring to estimate the number of doses taken
by summarizing data between study visits as the number of
days on which an opening event was recorded divided by the
number of days with functional monitoring and averaging
individual values per visit.

SMS Surveys
SMS surveys included questions about sexual behavior,

perceived HIV risk, and perceived protection from HIV risk
according to the participant’s PrEP use (see Appendix 1,
Supplemental Digital Content, http://links.lww.com/QAI/
B765). We used an automated platform (Ajua, Kenya) to
send surveys to participants weekly from months 6 to 24.
Participants received 50 Kenyan Shillings (;US$0.50) for
each completed survey. Surveys used branching logic, and
questions on general health behaviors (eg, exercise, alcohol
use) were used as needed to ensure all surveys would consist
of 6 questions, thus promoting true responses versus
rapid completion.

Socio-Behavioral Measures
We scored socio-behavioral scales as follows: depres-

sion (patient health questionnaire-2 Likert-response
scores .3 indicated possible depression), stigma (modified
Berger scores ranging 1–4 were summed and dichotomized at
the median; higher numbers indicated more stigma), self-
esteem (Rosenberg Likert-response scores ranging 0–3 were
summed with higher scores indicating more self-esteem and
dichotomized at 15), problematic alcohol use (a “yes”
response to 1+ items on the RAPS-4 was considered
positive), necessity and concern about PrEP use (BMQ scores
ranging 1–5 were averaged and divided into tertiles; higher
scores indicated stronger agreement with the necessity or
concern for PrEP), risk attitudes (dividing lottery/gambling
scores into tertiles), intimate partner violence (a “yes”
response to 1+ items on the modified Conflict Tactics scale
indicated the presence of violence), and relationship power

(SRPS Likert-response scores ranging 1–4 were averaged
with higher scores indicating less power).

Data Analysis
We considered participants retained in the study if they

attended a study visit and/or their adherence continued to be
monitored electronically. The latter criterion leveraged the
data available with real-time technology and potential PrEP
use obtained at study visits throughout the study period. We
censored data for study-related drug holds or discontinuation
(eg, during breastfeeding early in follow-up, seroconversion,
death); we included data during pregnancy.

Participants from the SMS reminder and control arms
were combined for this analysis given the lack of an
intervention effect.

We categorized electronically monitored adherence
over the prior 60 days and DBS TFV-DP levels as follows
and compared them for concordance: high (5+ doses/
week; .892 fmol/punch); moderate (3–4 doses/week;
537–892 fmol/punch; low (1–2 doses/week; 182–536 fmol/
punch); and none. These TFV-DP thresholds reflect the 25th
percentile of previously reported values.33 Of note,
pharmacokinetic/pharmacodynamic modeling suggests the
threshold for protection may be higher in cisgender women
compared with men who have sex with men, for whom
4+ doses/week (700 fmol/punch) is considered adequate.34,35

We assessed predictors of high adherence (5+ doses/
week) at each study visit initially with univariable logistic
generalized estimated regression models with robust stan-
dard errors. Adherence was averaged over each week and
summed at each study visit (ie, Month 1, Month 3,
quarterly thereafter). Data on predictors not collected
quarterly were carried forward. Those factors with statis-
tical significance (P , 0.20) were included in a multivari-
able model. Given the current uncertainty regarding the
optimal adherence needed for HIV protection among
cisgender women and the ranges used in the literature,6,34

we also performed sensitivity analyses using a threshold of
4+ doses/week for moderately high adherence and
6+ doses/week for near perfect adherence. Predictors of
persistence on PrEP and retention in the program will be
published separately.

We examined the association between adherence and
SMS survey responses at the participant-week level, with
adherence defined over the week before the completed SMS
survey. We again used logistic generalized estimated regres-
sion models to assess participants’ weekly adherence with yes
versus no responses to each survey question as predictor
variables. Models included fixed effects at the
individual level.

Ethics
This study was approved by the institutional regulatory

boards at the Kenya Medical Research Institute, MassGeneral
Brigham, and the University of Washington. All participants
provided written informed consent.
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RESULTS

Participant Characteristics
A total of 642 women were screened for study

participation (see Appendix 2, Supplemental Digital Content,
http://links.lww.com/QAI/B765). Two hundred ninety-two
participants did not enroll for the following reasons: not
interested (n = 179), pregnant or breast-feeding (n = 44), low
VOICE risk score (n = 27), other medical issue (n = 20), HIV

test was positive/indeterminant (n = 17), plans to relocate
(n = 3), no phone (n = 1), and incomplete screening (n = 1).
Two additional participants were excluded within 1 month of
enrollment because of age ,18 or concurrent study participa-
tion, leaving 348 for analysis. Participant characteristics are
presented in Table 1. Retention was 82% over the 24-month
follow-up period. The only significant difference in those
participants not retained versus retained in the study was the
baseline VOICE risk score, which was slightly higher in the

Table 1. Participant Characteristics at Baseline

Characteristic

Kisumu Thika Total

N (%) or median (IQR) N (%) or median (IQR) N (%) or median (IQR)

Total 174 (100%) 174 (100) 348

Individual factors

Baseline VOICE risk score 6 (6, 7) 7 (6, 7) 7 (6, 7)

Age (yr) 20 (19, 22) 21 (19, 22) 21 (19, 22)

Education (yr) 12 (9, 12) 12 (10, 13) 12 (10, 13)

Possible depression 17 (10%) 5 (3%) 22 (6%)

Low self-esteem 2 (1%) 3 (2%) 5 (1%)

Problem alcohol use 24 (14%) 42 (24%) 66 (19%)

Other recreational drug use* 2 (1%) 16 (9%) 18 (5%)

Prior daily medication use (other than PrEP) 37 (22%) 17 (10%) 54 (16%)

Perceived necessity for PrEP†

Low (1.0–1.8) 33 (19%) 58 (34%) 91 (26%)

Moderate (1.9–2.1) 77 (44%) 54 (31%) 131 (38%)

High (2.2–4.0) 64 (37%) 61 (35%) 125 (36%)

Concerns about taking PrEP†

Low (2.4–3.5) 41 (23%) 86 (50%) 127 (37%)

Moderate (3.6–3.9) 78 (45%) 54 (31%) 132 (38%)

High (4.0–5.0) 55 (32%) 33 (19%) 88 (25%)

Risk attitude†

Low tolerance for risk 55 (32%) 55 (32%) 110 (32%)

Moderate tolerance for risk 77 (44%) 67 (39%) 144 (42%)

High tolerance for risk 42 (24%) 49 (29%) 91 (26%)

Partnership factors

Current sero-different partnership 9 (5%) 4 (2%) 13 (4%)

Median sex acts in prior mo 2 (1, 4) 3 (1, 7) 2 (1, 5)

.1 total current sexual partner 72 (41%) 49 (28%) 121 (35%)

Any condomless sex in past mo 92 (53%) 136 (79%) 228 (66%)

Sexual relationship power†‡

Low (1.0–2.4) 33 (20%) 28 (26%) 61 (22%)

Moderate (2.5–2.8) 80 (48%) 52 (48%) 132 (48%)

High (2.9–4.0) 53 (32%) 28 (26%) 81 (30%)

Intimate partner violence in past 12 months 38 (22%) 17 (10%) 55 (16%)

Community factors

PrEP disclosure§ 122 (70%) 65 (38%) 187 (54%)

Perceived HIV stigma

Low (4–11) 81 (47%) 114 (66%) 195 (56%)

High (12–16) 93 (54%) 60 (34%) 153 (44%)

Structural factors

Travel to study site # 1 hour 93 (54%) 139 (80%) 232 (67%)

Data were complete for 340 (98%) participants; some responses were missing for the remaining participants. IQR = interquartile range, N = number participants.
*The most common “other recreational drug use” was cannabis (13/18, 72%); 1–4 participants reported khat, bhangi, heroin, kuber, and/or shisha use.
†Because of the categorical nature of responses, tertiles were unevenly distributed.
‡Only reported for participants identifying a primary sexual relationship (N = 274).
§Disclosure involved family members (108/157%, 58%), friends (78/18, 42%), and sexual partners (44/187, 18%); participants could report more than 1 type of disclosure.
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former (mean 6.8 [SD, SD, 0.8] versus 6.6 [SD 0.9]; P = 0.03).
Four women acquired HIV in the Kisumu site (incidence 0.7/
100 person-years overall; 1.25/100 person-years in
Kisumu specifically).

PrEP Adherence
We analyzed 617 total person-years of follow-up.

Among all study participants, most picked up PrEP early in
follow-up, but rates steadily declined from 100% from Month
0%–1% to 54% from Months 21–24 (Fig. 1). Similarly, the
average percent of doses taken decreased over time from 65%
(month 0–1) to 15% (months 22–24). The percent of
participants taking an average of 5+ doses/week declined
from 53% in month 0–1 to #5% in months 13–24.
Conversely, the percent of participants taking an average
of ,1 dose/week steadily increased from 8% in month
0%–1% to 71%–87% in months 13–24. Those taking an
average of 1–4 doses/week was highest in Months 2–3 at 43%
and decreased to 12% in Months 19–24. Electronically
monitored adherence in the 90 days before detected serocon-
version was 0% for 3 women and 6% for 1 woman.

Concordance Between Electronically
Monitored PrEP Adherence and TFV-
DP Levels

Electronically monitored adherence data were available
for 150 (85%) of the 177 TFV-DP samples with 67%
concordance seen between the 2 measures (Table 2); most
adherence levels were in the lowest categories. Most discor-

dance was because of lower TFV-DP levels compared with
electronically monitored adherence levels.

Predictors of Electronically Monitored
PrEP Adherence

The demographic and socio-behavioral factors assessed
as potentially influencing high electronically monitored
adherence (5+ doses/week) are shown in Table 3. A total of
1898 participant visits were considered for analysis. High
adherence was significantly associated with a lower baseline
VOICE risk score (adjusted odds ratio [aOR] 0.73 for each
increasing point of the score), having .1 current sexual
partner (aOR 1.82), the Kisumu site (aOR 1.57), and#1-hour
travel time (aOR 1.39). Notable trends toward high adherence
were seen with more sexual relationship power (moderate
aOR 1.52, high aOR 1.26) and low perceived HIV stigma
(aOR 1.45). When defining adherence as moderately high
(4+ doses/week) and near perfect (6+ doses/week), significant
associations were similar (Appendices 3 and 4, Supplemental
Digital Content, http://links.lww.com/QAI/B765).

SMS Surveys on HIV-Risk Behavior
and Perception

We sent 84% of the SMS surveys (18,668/22,150) as
planned; the primary reason for not sending SMS was a
platform coding error early in the study. Overall, participants
completed 77% (14,440/18,668) of the surveys; 304/348
(87%) participants provided at least one survey response. The
only difference between those completing versus not com-
pleting the surveys was study site (96% in Kisumu vs 79% in

FIGURE 1. PrEP adherence over time. Each column indicates the number of participants picking up PrEP at each study visit (ie, pharmacy
refill adherence) frommonths 0 through 21. Electronically monitored adherence over the period covered by each pharmacy refill is shown
as the average number of doses per week. The green color indicates high adherence (5+ doses/week).
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Thika; P , 0.01). As shown in Table 4, we observed no
significant difference in mean or high electronically measured
adherence between weeks in which participants reported
sexual activity versus those in which they reported no sexual
activity, regardless of condom use or partner HIV status.
Similarly, we saw no significant difference in adherence
between weeks in which participants reported perceived HIV
risk or perceived protection from HIV because of PrEP. In
addition, dosing likely to protect against HIV infection (ie,
5+ doses/week) was seen in a minority of participant-weeks
for all reported HIV risk behaviors: 32% (853/2638) for those
reporting sexual activity, 30% (402/1342) for those reporting
condomless sex, 32% (264/821) for those who reported
having sex with a partner who may have had HIV, and
25% (87/351) for those reporting condomless sex with a
partner who may have had HIV.

DISCUSSION
In this two-year study of young women offered PrEP in

Kenya, we found high interest in PrEP, but steadily declining
adherence according to multiple measures. Few participants
consistently took PrEP at levels likely to achieve protection
from HIV beyond the first few months. These findings
replicate those of other studies among young women in
sub-Saharan Africa.3,4,6–8 Although disappointing, many
lessons can be learned from the factors associated with
adherence and from the outcomes seen in this study.

The inconsistent associations between multiple mea-
sures of HIV risk and PrEP adherence reveal the complexity
in understanding risk behavior and perception. Lower base-
line HIV risk according to the VOICE risk score was
associated with higher adherence, which potentially indicates
some degree of concordance between control over HIV
exposure and ability to take a daily preventive medication.
That said, over the course of the study, we saw increased odds
of high adherence among those with .1 current sexual
partner, signaling a recognition of increased risk and the need
for PrEP. Yet, no difference in adherence was seen across
degrees of underlying risk tolerance, nor by SMS-reported
sexual activity, condom use, sex with some who may be
living with HIV, or perceived HIV risk. Taken together, these
findings suggest that young women may not recognize their
risk and/or prioritize it above other concerns, as has been seen

previously36,37; however, a straight-forward metric of multi-
ple partners may be impactful in promoting HIV prevention
behavior for some. Assessments of risk perception and
prediction tools have had mixed results and warrant further
research.38,39

Interestingly, the overall HIV incidence of 0.7/100
person-years was lower than the .5/100 person-years
anticipated by the VOICE risk score and suggests that MPYA
study participants achieved some degree of HIV prevention
despite modest levels of PrEP adherence. This finding could
be explained through well-aligned use of PrEP during periods
of exposure that we were unable to measure. Alternatively,
the VOICE risk score may not be an appropriate measure for
all populations of young women.40 Although the VOICE risk
score was developed from studies involving women from 3
countries in sub-Saharan Africa, it was largely based on
women in southern Africa. Important differences are likely
present in socio-cultural factors and behaviors, and HIV
prevalence and incidence, in various settings. Nonetheless,
the statistically significant association between the VOICE
risk score and PrEP adherence suggests it has some relevance
in this population. As another benchmark, young women
participants in the Kisumu site of the Evidence for Contra-
ceptive Options and HIV Outcomes Study41 (a randomized
trial of multiple contraceptive options among women con-
ducted concurrently with the MPYA Study who were not
considered high risk for HIV) had an HIV incidence of 1.2/
100 person-years. Both reference points thus suggest that
MPYA participants achieved some HIV protection that
warrants further investigation.

An alternate explanation of the low PrEP adherence and
low HIV incidence is that protection was achieved through
unmeasured use of other HIV prevention methods. Notably,
participants reported perceived protection from HIV because
of PrEP through the SMS surveys less than half of the time.
Although participants indicated sexual activity and incom-
plete condom use throughout the study, we do not know the
HIV risk behaviors among their sexual partners. The
relatively high relationship power reported by MPYA partic-
ipants (consistent with another study in Kenya30) suggests
considerable agency, and a trend toward high adherence was
seen with more sexual relationship power. Counseling may
have been empowering and an important factor in achieving
overall low HIV incidence. Qualitative assessment of these

TABLE 2. Concordance in Categories of Electronically Monitored Adherence and Tenofovir Diphosphate Levels in Dried Blood
Spots (N = 150)

Concordance = 67%

Average Electronically Monitored Adherence over Prior 60 d

TFV-DP (fmol/punch) 0 to ,1 Doses/week 1 to ,3 Doses/week 3 to ,5 Doses/week 5+ Doses/week

Below quantification 81 (54%) 9 (6%) 9 (6%) 2 (1%)

Low (LLOQ-536) 11 (7%) 8 (5%) 3 (2%) 11 (7%)

Moderate (537–892) 1 (1%) 0 (0%) 3 (2%) 7 (5%)

High (.892) 0 (0%) 0 (0%) 0 (0%) 9 (6%)

Bold indicates concordance between the two adherence measures.
LLOQ, lower level of quantification (25 fmol/sample).

Haberer et al J Acquir Immune Defic Syndr � Volume 89, Number 3, March 1, 2022

256 | www.jaids.com Copyright © 2021 The Author(s). Published by Wolters Kluwer Health, Inc.



factors will be published separately. These findings suggest
that young woman-focused programs (eg, DREAMS initia-
tives42) have potential for impact.

The detailed adherence data in this study have impor-
tant implications for PrEP research and clinical delivery. First,
the low electronically monitored adherence compared with
pharmacy refill raises questions about the accuracy of PrEP
adherence measurement reported in other studies relying
solely on the latter5,7,8; true adherence may have been even
lower. Other objective measures are therefore needed to
assess PrEP use in routine care. One promising approach is

the measurement of tenofovir levels in urine, which may be
affordable at ;$2/test.43 An important consideration, how-
ever, is that the test only comments on recent use and may be
subject to “white coat dosing” (ie, taking a dose just before
clinic but not at other times). Research on the validity of this
measurement approach is ongoing.44 Second, the concor-
dance of electronic adherence monitoring with TFV-DP in
DBS suggests reasonable accuracy and utility of these
measures. However, most adherence values were limited to
the lowest categories; a broader range of adherence is needed
to fully compare the measures and account for potential bias

TABLE 3. Predictors of High (5+ Doses/Week) Electronically Monitored PrEP Adherence

N participant Visits (%) or Mean (SD)
Unadjusted Odds Ratio

(95% CI) P
Adjusted Odds Ratio

(95% CI) P

Individual factors

Baseline VOICE risk score 6 (1) 0.75 (0.62 to 0.92) 0.005 0.73 (0.58 to 0.91) 0.006

Age at baseline (yr) 21 (2) 0.99 (0.91 to 1.10) 0.95 — —

Education (yr) 11 (2) 0.92 (0.86 to 0.98) 0.015 0.94 (0.87 to 1.02) 0.12

Possible depression 6 (13%) 0.64 (0.27,1.50) 0.30 — —

Low self-esteem 4 (10%) 0.41 (0.06 to 2.6) 0.35 — —

Problematic alcohol use 20 (14%) 1.04 (0.67 to 1.61) 0.86 — —

Prior daily medication use 55 (19%) 0.80 (0.49 to 1.32) 0.39 — —

Perceived necessity for PrEP 0.82

Low (1–1.8) 75 (21%) Ref

Moderate (1.9–2.1) 156 (22%) 0.98 (0.67 to 1.43)

High (2.1–4.0) 154 (19%) 0.89 (0.58 to 1.37)

Concerns about taking PrEP 0.30

Low (2.4–3.5) 110 (20%) Ref

Moderate (3.6–3.9) 164 (22%) 0.91 (0.67 to 1.25)

High (4.0–5.0) 111 (18%) 0.73 (0.49 to 1.09)

Risk attitude 0.29

Low tolerance for risk 133 (21%) Ref

Moderate tolerance for risk 152 (20%) 1.07 (0.74 to 1.56)

High tolerance for risk 99 (20%) 1.19 (0.80 to 1.79)

Partnership factors

Any HIV+ partner 33 (32%) 1.16 (0.64 to 2.13) 0.62 — —

. 1 current sexual partner 96 (21%) 1.00 (0.99 to 1.01) 0.90 1.82 (1.32 to 2.51) ,0.001

Condomless sex 203 (20%) 1.11 (0.87 to 1.42) 0.39 — —

Sexual relationship power* 0.06 0.06

Low (1.0–2.4) 41 (14%) Ref

Moderate (2.5–2.8) 168 (23%) 1.51 (1.06 to 2.14)

High (2.9–4.0) 159 (21%) 1.23 (0.81 to 1.86)

Intimate partner violence 5 (16%) 1.04 (0.46 to 2.36) 0.92 — —

Community factors

PrEP disclosure 300 (21%) 1.25 (0.92 to 1.71) 0.16 1.07 (0.74 to 1.54) 0.73

Perceived HIV stigma

Low (4–11) 189 (21%) 1.41 (0.99 to 2.00)
Ref

0.06 1.45 (1.00 to 2.09)
Ref

0.05

High (12–16) 196 (20%)

Structural factors

Site: Thika

Kisumu

129 (16%)

256 (23%)

Ref

1.37 (1.10 to 1.56) 0.01

Ref

1.57 (1.02 to 2.43) 0.04

Travel #1 hour to study 199 (21%) 1.41 (1.09 to 1.82) 0.008 1.39 (1.05 to 1.84) 0.02

N refers to the number of participant visits with each factor at which the average adherence was 5+ doses/week; the mean references those participants with 5+ doses/week at 1 or
more of the participant visits. All measures were updated over time unless noted as baseline values. Bold indicates significance (P , 0.05) in the multivariable model.

*Among those with a primary sexual relationship.
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(eg, more device manipulation or pharmacokinetic variability
at higher adherence levels). Notably, we did not see high
TFV-DP levels concurrent with low electronically monitored
adherence, suggesting that participants were not taking PrEP
from alternative containers. The presence of high adherence
by electronic monitoring with low TFV-DP levels could
indicate device manipulation or curiosity openings (ie,
openings without dosing) and/or inappropriate threshold
TFV-DP levels for this population. Indeed, TFV-DP levels
may be lower in the setting of anemia,45 which is common in
this population; further research in this area is warranted.
Third, this study highlights the utility of electronic adherence
monitoring for assessing prevention-effective adherence.
Although pharmacokinetic markers (eg, TFV-DP in DBS)
provide useful objective data on pill ingestion, most are too
blunt for such detailed analysis. Notably, novel approaches to
drug levels in hair may allow for assessment of temporal
trends.46

This study has important limitations. Principally,
participants took PrEP in the context of a research study;
behaviors may differ in routine care. Other limitations
include the lack of generalizability beyond the setting
studied and potential for social desirability bias, as well as
the above-noted possibilities of adherence misclassifica-
tion bias and inaccuracy of risk assessments. In addition,
PrEP is being offered through other studies and programs
near the study sites that may have influenced PrEP use,
although we were not aware of any co-enrollments. The
study also had many strengths, including high retention,
robust and detailed adherence measurement, weekly
assessment of HIV risk behavior and perception, and 2
years of follow-up.

In conclusion, PrEP adherence declined rapidly and
remained low for most young women in this study, although a
small proportion took PrEP at levels likely to provide pro-
tection from HIV acquisition. While the associations between

HIV risk and PrEP adherence were complex, the straight-
forward metric of having multiple current sexual partners
may offer a promising counseling approach. Although the
lower than anticipated HIV incidence could suggest targeted
prevention-effective adherence, it may also indicate that
young women gained other unmeasured benefits from
participation in a PrEP program, such as the ability to have
lower risk sexual partners. Attention to holistic HIV pre-
vention, including PrEP and involvement of sexual partners,
will be critical for this population going forward. Long-
acting formulations47 may also be useful for those who
desire PrEP but struggle with adherence to a daily pill.
Importantly, the association of higher adherence with short
travel time and other site-level factors (eg, local social norms
and behaviors, staff interactions with clients) holds promise
for better HIV prevention with less burdensome, user-
friendly approaches to PrEP, such as may be achieved with
community-based PrEP delivery. Ongoing studies in this
area include PrEP My Way (NCT04408729) in which PrEP
refills and other sexual and reproductive health services are
being delivered to clients by peers on request and Pharmacy
PrEP (NCT04558554) in which PrEP is being delivered
by pharmacists.
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Reported.
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‘Yes’ during at Least 1
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Number of Weeks
Participants Responded

‘Yes’, Mean (SD)
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Response for
Prior Week

Mean (SD)
Adherence in the

Prior Week P
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No 30% (19, 53) 584 (33%)

Perceived HIV risk 170 (49%) 7 (12) Yes 29% (17, 62) 0.58 87 (25%) 0.52
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IQR, interquartile range; SD = standard deviation.
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