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Abstract

Background: Low adherence can undermine the efficacy of daily oral pre-exposure prophylaxis
(PrEP). Mental health conditions, particularly depression, could be associated with low PrEP
adherence, especially for women.

Setting: We analyzed data from 1013 Kenyan and Ugandan HIV-uninfected participants in the
Partners Demonstration Project, an open-label study of PrEP delivered to HIV-uninfected
members of serodiscordant couples.

Methods: Participants completed quarterly visits over 2 years and were encouraged to use PrEP
until their partners living with HIV had =6 months of antiretroviral therapy use (when viral
suppression was expected). PrEP adherence was measured daily with electronic medication event
monitoring system caps and dichotomized into low (<80% of expected bottle openings) and high
adherence. Depression was assessed annually using the 16-item Hopkins Symptom Checklist
screening tool; scores >1.75 indicate “probable depression.” The association between probable
depression and PrEP adherence was assessed separately for men and women using generalized
estimating equations and marginal structural models.
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Results: At enrollment, 39 (11.7% of 334) women and 64 (9.4% of 679) men reported symptoms
indicating probable depression, and these proportions decreased during follow-up (P < 0.001 for
women and men). Probable depression was significantly associated with low PrEP adherence
among women (adjusted risk ratio = 1.77; 95% confidence interval: 1.14 to 2.77; £=0.01); there
was no association between depression and adherence among men (P = 0.50). Marginal structural
models and sensitivity analyses confirmed these findings.

Conclusions: Depression was relatively uncommon in this population and was an independent
risk factor for low PrEP adherence among women. For PrEP programs targeting African women,
integration of depression screening may improve PrEP effectiveness.
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INTRODUCTION

Oral emtricitabine/tenofovir disoproxil fumarate pre-exposure prophylaxis (PrEP) has
demonstrated efficacy to prevent HIV transmission, with reductions in HIV incidence
estimated to be >90% when daily adherence is high.1=6 A recent open-label study conducted
in South Africa (HPTN 067/ADAPT) found that high-risk women are generally able to
adhere to daily oral PrEP regimens, providing reassurance about the usability of daily PrEP
among women when efficacy is known.”=® However, there remains a need to more fully
understand factors influencing adherence as PrEP availability continues to expand
throughout sub-Saharan Africa.19.11 Although PrEP use could fluctuate appropriately to
align with sexual behavior and HIV exposure, qualitative work suggests that salience of HIV
(whether information about HIV comes to mind at times of risk), perceived risk of infection,
stigma, social support, and fears about disclosure are important barriers to PrEP use among
African women during periods of heightened HIV risk.19-14 Further research is needed to
identify psychosocial factors related to PrEP use in the context of open-label PrEP delivery,
explore gender-based differences in associations, and understand whether interventions
targeting these constructs can improve PrEP adherence.

Mental health conditions, including depression, are known barriers to health care
engagement and daily medication adherence, but their relationship to PrEP adherence has
not been well studied. Depression is highly prevalent worldwide, particularly among women
who are 1.5-3 times more likely to experience lifetime depression than men, and depressive
symptoms are related to increased HIV risk behaviors (eg, multiple sexual partners,
condomless sex), poor social support, and substance abuse.15-18 Among adults living with
HIV, those with depressive symptoms are approximately 55% less likely to achieve optimal
daily antiretroviral therapy (ART) adherence.1920 Depression also has an impact on
adherence to preventative behaviors such as daily contraceptive use and engagement in
prenatal health care services, although the mechanisms underlying these associations may
differ from the relationship between depression and ART adherence.?1-23 Among general
populations of reproductive-age women in sub-Saharan Africa and the United States,
depression has been significantly associated with interruptions and cessation in effective
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contraception use over a 6-month period and failure to use dual protection methods, after
accounting for fertility desires and sexual behavior.21-23

Given the considerable burden of depression among individuals at high risk of HIV and
associations between depression, health-seeking behavior, and daily medication use,
depression may also be linked with PrEP adherence. One recent study examined the
influence of depressive symptoms on PrEP adherence, and concluded that depression
modestly reduced PrEP adherence in men who have sex with men and transgender women.24
Similar research is yet to be conducted among cisgender women in African settings. To
contribute information to this gap, we evaluated the association between depression and
PrEP adherence among a cohort of 1013 HIV-uninfected individuals participating in a PrEP
demonstration project in Kenya and Uganda. We hypothesized that depression would be
associated with low PrEP adherence and that there may be important gender-based
differences in this relationship.

METHODS
Study Populatio

The Partners Demonstration Project was a prospective, open-label implementation study to
evaluate delivery of daily oral PrEP integrated into existing ART services among high-risk,
heterosexual HIV serodiscordant couples in Kenya and Uganda.2> The study was
implemented from 2012 to 2016 at 4 clinical care research sites in Thika and Kisumu, Kenya
and Kampala and Kabwohe, Uganda. Eligible couples were aged 18 years and older,
sexually active, and planned to remain a couple for >1 year. PrEP, prescribed as daily
coformulated emtricitabine/tenofovir disoproxil fumarate, was offered to HIV-uninfected
participants and PrEP discontinuation was encouraged if their partners initiated and used
ART for =6 months (when viral suppression would be expected) and if there were no
concerns about their partner’s ART adherence, or other considerations such as plans to
become pregnant.2®

Data Collection

HIV-uninfected participants attended quarterly study visits for up to 24 months and received
HIV testing, PrEP refills (as needed), and HIV prevention counseling at each visit.
Information on sexual behavior (eg, condomless sex acts in the previous month), fertility
intentions (eg, intending to become pregnant in the next year), and contraceptive use were
collected with standardized questionnaires, administered by interviewers in the participant’s
preferred language. Their partners living with HIV received ART on-site or were given
referrals to a public health clinic of their choice, based on national ART eligibility
guidelines.

At baseline and annual follow-up visits, sociodemographic data were collected and
participants were assessed for depression, internalized stigma, heavy alcohol use, perceived
social support, and relationship satisfaction with validated questionnaires. Depression was
assessed using the 16-item Hopkins Symptoms Checklist for Depression (HSCL-D)
screening tool.28 Overall scores were calculated as a mean value (range 0-4), and a score .
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1.75 was indicative of “probable depression.”26 This cutoff value has been previously
validated in sub-Saharan Africa and corresponds well to depression diagnosis based on other
screening tools and local informant interviews.2”-28 Depression was analyzed as a time-
dependent exposure; we used linear interpolation methods to estimate participants’ HSCL-D
scores throughout the study period by fitting linear regression equations for the change in
scores between annual visits and then calculating HSCL-D scores at intervening quarterly
visits using the model coefficients.29:30 As part of routine counseling procedures,
participants who screened positive for depression were referred to local specialists for
mental health care.

Internalized stigma was measured by summing scores from a 4-item scale (adapted from the
Internalized AIDS-Related Stigma Scale), with a value closer to 16 indicating greater
stigma.3! Heavy alcohol use was defined as a response of “yes” to any of the 4 items from
the Rapid Alcohol Problems Screen.32 Social support was measured as a continuous mean
score from the 10-item Functional Social Support Questionnaire (range 1-4), with a higher
score indicating greater perceived social support.33 Relationship satisfaction was based on
the summed score from an 8-item dyadic adjustment scale (range 8-48) and a higher score
indicated greater satisfaction.3* Stigma, alcohol use, social support, and relationship
satisfaction were also analyzed as time-dependent covariates with scores carried forward
between annual visits.

PrEP Adherence

The primary outcome was PrEP adherence among participants choosing to take PrEP,
measured using medication event monitoring system (MEMS) caps, which electronically
captured a date-and-time stamp with each bottle opening. These data were downloaded at
each visit after PrEP initiation. MEMS data were collected as a research procedure and were
not used in adherence counseling. Adherence was calculated as the number of pill bottle
openings divided by the number of expected bottle openings during the period between
visits and is reported as a percentage. Openings by the study staff during visits were
excluded from the numerator. The number of expected openings excluded days for which
PrEP was not dispensed due to missed visits, protocol-defined stops (eg, related to adverse
events or sustained ART use by a partner living with HIV), or refill refusals. We also
excluded missing data due to broken or lost MEMS caps and instances where participants
had >120% of expected bottle openings during the period between study visits, which could
indicate cap malfunction or repeated openings without removing a dose. Participants were
considered to have high PrEP adherence during periods where MEMS data indicated that
>80% of expected openings occurred between quarterly visits. This cutoff corresponds to 5-
6 doses per week and plasma tenofovir concentrations >40 ng/mL, which is consistent with
steady-state daily dosing and has been associated with high levels of protection against HIV.
35,36 |n this cohort, MEMS data corresponded well with blood plasma tenofovir
concentrations in a random sample of 140 participants.2>37 Approximately 81% of samples
had detectable tenofovir concentrations consistent with dosing in the previous week,
whereas MEMS data indicated that PrEP was taken during 82% of days and 71% of periods
between study visits had adherence =80%.25:37
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Statistical Analyses

We used descriptive statistics to summarize the sample by gender and compared participant
characteristics during periods of probable depression and those without probable depression
using generalized estimating equations (GEE) extension to logistic regression. The
multivariable model of factors associated with probable depression included any variables
for which the univariable P-value was <0.10.

To assess the effect of depression on low PrEP adherence, we used GEE with a log link,
Poisson distribution, and robust standard errors to estimate risk ratios. Our primary model
included “probable depression” as a categorical (yes/no) exposure, as has been done in
studies of depressive symptoms and ART adherence to allow for a meaningful interpretation
of results.2438:39 Stydy site, age, and time-dependent measures of stigma, social support,
fertility intentions, and any condomless sex acts since the previous study visit were included
in the models based on a priori knowledge that these factors may be related to both
depression and PrEP adherence.10:12:40 We assessed several additional covariates for
confounding, including education, income, marital status, partnership duration, time known
to be in an HIV serodiscordant relationship, and parity (measured at enrollment), as well as
time-dependent measures of sexually transmitted infection symptoms, heavy alcohol use,
current relationship status, relationship satisfaction with study partner, reported abuse, and
plasma HIV RNA viral load (logyg copies/mL) and CD4 count (cells/mL) of the partner
living with HIV. Of these covariates, any that resulted in a substantial change in the effect
estimate (>10%) were included in the multivariable model. Separate models were run for
men and women.

We also conducted several sensitivity analyses of our primary GEE models to explore
whether our findings were robust to changes in depression and adherence definitions. First,
we examined the dose—response relationship between depression and PrEP adherence by
varying the HSCL-D score cutoff to >1.60 and >1.50 to indicate depression, and we
conducted additional analyses using continuous HSCL-D mean score as the exposure of
interest. Second, we altered the definition of high PrEP adherence using cutoffs of >70%,
>85%, and =90% of expected openings using MEMS data. Third, we ran our models among
the subset of participants with available plasma tenofovir levels (N = 140) and defined our
adherence outcome using a cutoff of >35 ng/mL.

We repeated our primary analyses using marginal structural models to refine the adjustment
for time-dependent confounding by stigma, social support, and sexual risk behavior, guided
by hypothesized relationships between these factors (Fig. 1).41 We computed stabilized
inverse probability weights using logistic regression to predict the probability of categorical
depression exposure at each visit.#2 The weights were calculated with baseline measures of
marital status, age, heavy alcohol use, relationship satisfaction with study partner, and
plasma HIV RNA viral load of the partner living with HIV, as well as HSCL-D score at the
previous visit (exposure history) and time-dependent measures of stigma, social support, and
condomless sex. Exposure weights were computed separately for women (mean 0.99, range
0.23-3.13) and men (mean 1.00, range 0.49-1.91) and were not truncated. These weights
were included in regression models with a log link, Poisson distribution, and robust standard
errors.
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All analyses were conducted using SAS 9.4 (Cary, NC).

Ethical Statement

Protocols were approved by ethical review boards at the University of Washington and
collaborating institutions in Kenya and Uganda. All participants provided written informed
consent in their preferred language.

RESULTS

Participant Characteristics

The Partners Demonstration Project enrolled 1013 HIV-uninfected individuals, including
334 (33.0%) women and 679 (67.0%) men. The median age at enrollment was 30 years
[interquartile range (IQR) 26-36 years].2> The median reported duration of partnership was
5.9 years (IQR 1.9-11.6) for women and 2.4 years (IQR 0.8-5.8) for men (Table 1). Most
participants reported learning that they were in an HIV serodiscordant relationship shortly
before study enrollment (median time = 1.2 months). Approximately 198 women(59.3%)
and 458 men (67.5%) reported at least one condomless sex act with their study partner in the
month before enrollment and the median plasma HIV RNA viral load for participants’
partners living with HIV was 4.6 logyg copies per milliliter (IQR 3.8-5.0).

During the 2-year study period, 982 participants initiated PrEP, a majority at enrollment
(98.2% of women and 97.1% of men). In addition, 233 women (74.9%) and 425 men
(70.7%) had a partner initiate ART within the first 6 months of follow-up. Retention rates
were high throughout the study (>83% at all visits), and 962 participants had at least one
follow-up visit after PrEP initiation. More than half of the participants stopped PrEP by their
12-month visit (N = 196; 58.7% for women and N = 372; 54.8% for men). The most
frequent reason for stopping PrEP during follow-up was =6 months of ART use by the
partner living with HIV (N = 519; 51.3%).

Prevalence and Factors Associated With Depression

A total of 103 HIV-uninfected participants (10.2%) had probable depression at enrollment
and this proportion decreased during study follow-up. Among women, 11.7%,8.2%, and
3.1% were classified as having probable depression at enrollment, 12-month visit, and 24-
month visit, respectively (P-value for trend <0.001). Among men, 9.4%, 2.6%, and 2.0%
were classified as having probable depression at each of the annual visits (~-value for trend
<0.001). In a multivariable model, being female [adjusted odds ratio (aOR) 2.16, 95%
confidence interval (Cl): 1.35 to 3.43], being unmarried (aOR 2.77, 95% ClI: 1.33 to 5.77),
reporting condomless sex in the previous month (aOR 1.33, 95% CI:1.01 to 1.77), and
having a partner with higher plasma HIV RNA viral load (aOR 1.16, 95% CI: 1.04 to 1.31)
were all independently associated with higher odds of probable depression during the study
(Table 2). Several psychosocial and behavioral characteristics were also associated with
probable depression during follow-up. Higher levels of HIV-related stigma (aOR 1.11, 95%
Cl: 1.04 to 1.19), heavy alcohol use (aOR 1.83, 95% CI: 1.18 to 2.82), lower levels of social
support (aOR 0.72, 95% CI: 0.52 to 1.00), lower reported relationship satisfaction with a
study partner (aOR0.91, 95% CI: 0.89 to 0.94), and reporting abuse from a study partner
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(aOR 2.73, 95% ClI: 1.48 to 5.02) were more likely during periods with probable depression
than during periods without probable depression.

Depression and PrEP Adherence

The analysis of depression and PrEP adherence included 903 participants, after excluding
those who did not initiate PrEP (N = 28), did not have a follow-up visit during the analysis
period (N = 23), or did not have a visit where adherence could be calculated due to PrEP
discontinuation, missing MEMS data, and MEMS adherence data >120% for all visits when
measured (N = 59).

Among women, low (<80%) PrEP adherence was detected at 26.9% of visits and occurred
more often during periods when probable depression was reported (41.1% of visits) relative
to periods without depression [25.9% of visits; adjusted risk ratio (aRR) 1.77, 95% ClI: 1.14
to 2.77, Table 3]. These results were in agreement with marginal structural model findings
(aRR 1.53, 95% CI: 1.05 to 2.23) and GEE model findings using continuous HSCL-D mean
score (aRR1.80, 95% ClI: 1.03 to 3.14). The strength of the association between depression
and PrEP adherence decreased when the HSCL-D score cutoff was changed to 1.60 in the
GEE model (aRR: 1.61, 95% CI: 1.05 to 2.48) and was no longer statistically significant
when the HSCL-D cutoff was changed to 1.50. Our findings were robust to changes in the
definition of high adherence and remained statistically significant for adherence cutoffs of
>70%, >85%, and >90% (aRR estimates ranged from 1.53 to 1.87; P-values all <0.05). In
the model with plasma tenofovir levels, the direction of the association between depression
and adherence remained (aRR: 1.21, 95% CI: 0.93 to 1.58), but the magnitude of the
estimate was attenuated likely due to the small number of observations (n = 523).

Among men, low adherence to PrEP was detected at 35.8% of visits when probable
depression was reported and30.9% of visits without depression. The frequency of low PrEP
adherence was not associated with depression in the GEE model with probable depression as
the exposure (P = 0.50), the GEE model with continuous HSCL-D score (P = 0.65), or the
marginal structural model analyses (P= 0.32, Table 3). We also did not detect significant
associations between depression and adherence in any sensitivity analyses.

DISCUSSION

In this PrEP demonstration project with HIV-uninfected individuals in mutually disclosed
HIV serodiscordant partnerships in East Africa, depression was significantly associated with
low PrEP adherence among women, but was not related to PrEP adherence among men. This
finding is particularly important, given that in this cohort, as well as other sub-Saharan
African settings, the burden of depression is greater among women than men and women
may have more difficulty adhering to oral PrEP than men.”-8:43:44 However, overall
adherence was high in this sample even among participants with probable depression, and
only 4 participants seroconverted during follow-up, suggesting that depressive symptoms
may not be sufficient to eliminate the benefit of PrEP in the cohort.25

Overall, few participants (10.2%) endorsed symptoms consistent with depression at
enrollment and the prevalence of probable depression decreased over time for men and
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women. During follow-up, probable depression was associated with gender, marital status,
viral load, condomless sex, stigma, alcohol use, social support, relationship satisfaction, and
abuse. Other studies in sub-Saharan Africa have found similar associations, and the
relationships between depression, risky sexual behavior, abuse, and other psychosocial and
behavioral variables are likely bidirectional and dynamic.16:17:45

Consistent with our findings, an analysis with the iPrEx OLE cohort found that the effect of
depressive symptoms on PrEP adherence differed between men and transgender women.24
Moreover, research on the relationship between depression and ART adherence among
adults living with HIV in sub-Saharan Africa has shown that depression is associated with
poorer ART adherence and this relationship is stronger for women than for men.6 Findings
from these studies and ours could be explained in part by traditional gender roles in these
settings. Women in sub-Saharan Africa are typically viewed as caregivers with primary
responsibilities for household tasks, which are often prioritized above their self-care.#7:48
Other qualitative research with HIV serodiscordant couples has shown that men may feel
their masculinity is threatened by their female partners’ use of ART or PrEP and, as a result,
may attempt to control their partners’ medication use.4’ Traditional gender roles and
relationship power dynamics could influence access to mental health care and severity of
depression, thereby strengthening an association between depression and low PrEP
adherence over time, particularly for women. The potential influence of gendered power
dynamics on health and HIV prevention behaviors also supports our finding that greater
relationship satisfaction was strongly associated with reduced depression and better PrEP
adherence in this sample.

We classified PrEP adherence using MEMS data and participants were considered to have
low adherence for a given visit if MEMS data indicated that <80% of bottle openings
occurred. This 80% threshold corresponds to approximately 5—-6 PrEP doses per week,
which we assumed was sufficient to protect against HIV acquisition in this cohort. However,
pharmacokinetic minimum levels of PrEP adherence have not yet been established for
women or heterosexual men and, although previous studies have found associations between
high levels of adherence and low HIV incidence, recent data suggest that PrEP may be less
forgiving to missed doses in vaginal than rectal exposure.3>49:50 To address these
uncertainties about effective levels of PrEP, we repeated our analyses using various PrEP
adherence cutoffs and plasma tenofovir levels and found similar results.

The strengths of this study included the large, prospective cohort with participants from
urban and rural African settings and the use of a validated depression screening tool and
electronic monitoring devices to monitor medication use. Overall retention rates were high
in the sample, which minimized bias due to differential attrition by depressive symptom
severity. Limitations of this study included annual depression measurement, which reduced
our ability to analyze more frequent changes in depression status. Depressive symptoms
could have been influenced by social desirability bias, but interviews were conducted with
trained counselors to minimize this issue. In addition, there may be nondifferential
misclassification of probable depression status with respect to PrEP adherence, which would
be expected to attenuate our model estimates. Our study was not adequately powered to
measure statistical differences in whether gender modified the association between
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depression and PrEP adherence. Finally, participants were all in stable HIV serodiscordant
relationships at enrollment and our findings may not be generalizable to other high-risk
populations.

Future research on links between depression and PrEP adherence should consider potential
intervention opportunities to incorporate mental health services with PrEP delivery,
particularly for women. Several models that integrate depression interventions into existing
health care programs are being implemented in sub-Saharan Africa. For example, a
“measurement-based care model” for antidepressant delivery, which encourages case
managers to screen individuals for depression using brief tools and track their antidepressant
adherence during regular clinic visits, has been successfully deployed in HIV clinics in
Cameroon and Uganda.®152 Psychotherapy interventions, such as cognitive behavioral
therapy, have also been adapted for lay health care worker delivery in HIV, antenatal, and
primary health care clinics throughout sub-Saharan Africa and have been shown to reduce
depression and improve ART adherence after 6-8 months among adults living with HIV.53
The successes of these programs suggest that depression screening tools and adapted
interventions can be implemented in busy HIV and antenatal care settings and family
planning clinics, and similar intervention approaches could be tailored to HIV-uninfected
adults seeking PrEP to potentially improve PrEP adherence in the subset with depressive
symptoms.

In conclusion, depressive symptoms were relatively uncommon in our study and seem to
have negatively impacted PrEP adherence among high-risk, HIV-uninfected women, but not
among men. These findings highlight a need for future studies to continue exploring
psychosocial barriers to PrEP adherence by gender. Additional research is also necessary to
understand the potential mechanisms by which depression influences adherence to
preventive therapies and whether there are modifiable factors mediating this relationship.
Our study supports the integration of regular depression screening and treatment into PrEP
delivery programs, which may reduce the burden of depression and improve PrEP
effectiveness among African women.
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FIGURE 1.
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social support

Hypothesized relationships between depression, PrEP adherence, and time-varying
confounding variables during study follow-up. TO, enrollment; T1, quarterly follow-up

visits; T2, final study visit. PrEP, pre-exposure prophylaxis.
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Characteristics of the Study Sample at Enrollment (N = 1013 Unless Otherwise Indicated)

TABLE 1.

HIV-Uninfected Women  HIV-Uninfected

(N=334) Men (N = 679)
Age, yrs 29 (24-35) 30 (26-37)
Unmarried 9(2.7) 32 (4.7)
Education, yrs 8 (5-11) 8 (7-12)
Any income reported 217 (65.0) 653 (96.2)
Relationship duration with study partner, yrs 5.9 (1.9-11.6) 2.4 (0.8-5.8)
Time known to be in an HIV serodiscordant relationship, yrs 0.1 (0.1-0.6) 0.1 (0.0-0.2)
No. of children with study partner 1(0-2) 0(0-1)
No. of more children desired 1(0-2) 2(1-3)
Timing of next pregnancy (N = 887 nonpregnant participants)

Currently trying to get pregnant 23 (6.9) 41 (6.0)
Not currently trying to get pregnant 185 (55.4) 514(75.7)
No. of sex acts with study partner 4.5(3.0-8.0) 6.0 (3.0-12.0)

Any condomless sex with study partner 198 (59.3) 458 (67.5)
Any sex with outside partner(s) 5(1.5) 79 (11.6)
STI symptoms 20 (6.0) 11(1.6)
CD4 count (cells/pL) of partner living with HIV 403 (221-595) 451 (285-660)
Plasma HIV RNA (logyo copies/mL) of partner living with HIV 4.8 (4.3-5.3) 4.4(3.5-4.9)
Probable depression * 39 (11.7) 64(94)
HIV-related stigma 6.0 (4.0-8.0) 8.0 (5.0-9.0)
Heavy alcohol use 50 (15.0) 152 (22.4)
Social support 3.6 (3.2-3.9) 3.7 (3.2-4.0)

Relationship satisfaction with study partner
Happiness in relationship (N = 1012) f

Happy
Unhappy

Reported abuse

31.0 (27.0-34.0)

202 (87.4)
42 (12.6)
1(0.3)

32.0 (28.0-35.0)

621 (91.6)
57 (8.4)
2(0.3)

Data are presented as number (%) for categorical variables and median (IQR) for continuous variables.

Page 14

*
Cognitive, behavioral disengagement, and somatic depressive symptoms were assessed with a Likert response scale ranging from 1 (“Not at all”)
to 4 (“Extremely”). A mean score >1.75 was indicative of “probable depression.”

fHappiness in the relationship was assessed with a single item asking participants to rate the degree of happiness in their partnership. Responses of

“happy,
unhappy” were coded as “Unhappy.”

STI, sexually transmitted infection.
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