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Abstract

Introduction—The use of single-tablet ART regimens and its implications on adherence among

HIV-infected women have not been well-described.

Methods—Participants were enrolled in the Women’s Interagency HIV Study (WIHS), a

longitudinal study of HIV infection in U.S. women. We examined semiannual trends in single-

tablet regimen use and ART adherence, defined as self-reported 95% adherence in the past 6

months, during 2006–2013. In a nested cohort study, we assessed the comparative effectiveness of

a single-tablet versus a multiple-tablet regimen with respect to adherence, virologic suppression,

quality of life, and AIDS-defining events, using propensity score matching to account for
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demographic, behavioral, and clinical confounders. We also examined these outcomes in a subset

of women switching from a multiple- to single-tablet regimen, using a case-crossover design.

Results—15,523 person-visits, representing 1,727 women (53% black, 29% Hispanic, 25% IDU,

median age 47), were included. Use of single-tablet regimens among ART users increased from

7% in 2006 to 27% in 2013; adherence increased from 78% to 85% during the same period (both

p<0.001). Single-tablet regimen use was significantly associated with increased adherence

(adjusted RR 1.05, 95% CI 1.03–1.08) and virologic suppression (RR 1.06, 95% CI 1.01–1.11),

while associations with improved quality of life and fewer AIDS-defining events did not achieve

statistical significance. Similar findings were observed among the subset of switchers.

Conclusion—Single-tablet regimen use was associated with increased adherence and virologic

suppression. Despite this, 15% of women prescribed ART were still not optimally adherent;

additional interventions are needed to maximize therapeutic benefits.

Keywords

adherence; antiretroviral therapy; HIV; time factors; United States; viral load; women

INTRODUCTION

Among HIV-infected people who are prescribed potent antiretroviral therapy (ART),

treatment adherence is important to maximize its health benefits with respect to virologic

suppression and prevention of disease progression.(1, 2) However, it is well-known that

adherence can be hampered by many factors including dosing requirements, side effects, and

behavioral and psychosocial factors that serve as barriers to optimal use, such as substance

use and depression.(3, 4) Characteristics associated with race/ethnicity have also been

associated with adherence, with African-Americans less likely than other groups to report

optimal adherence to ART.(5–7)

A lower daily pill burden has been associated with better adherence and treatment outcomes.

(8, 9) One notable innovation among potent ART regimens was the introduction of a once-

daily fixed-dose co-formulation in 2006 combining tenofovir (TDF), emtricitabine (FTC),

and efavirenz (EFV), which reduced the potential pill burden and dosing frequencies

required of earlier ART regimens.(10) Two additional once-daily combination pills retaining

the TDF/FTC backbone but replacing EFV with one or more agents have since become

available in the United States: a co-formulation containing rilpivirine (RPV) in 2011;(11)

and a co-formulation containing elvitegravir (EVG) and the boosting agent cobicistat

(COBI) in 2012.(12) These new co-formulations offer single-tablet regimen alternatives for

women planning to become pregnant by replacing EFV, which may have the potential to

cause fetal harm.(13, 14)

A few studies have shown single-tablet regimens to either maintain or increase treatment

adherence. A multicenter clinical trial of 166 treatment-experienced virologically-

suppressed individuals in the U.S. found that switching to a single-tablet ART regimen

helped patients maintain adherence and increased some aspects of quality of life.(15, 16) In

an observational cohort study of 118 homeless or unstably housed individuals in San
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Francisco, taking a single-tablet regimen was associated with greater adherence and viral

suppression compared with a multiple-tablet regimen.(17) The generalizability of these

findings to women has not been fully established, as these studies were comprised mostly of

men. Numerous studies report lower adherence in women,(5, 6, 18) possibly related to

higher toxicity profiles, a higher prevalence of depression, or competing demands such as

childcare responsibilities.(19–21) The extent to which adherence in women may be affected

by single-tablet regimen use in the context of these factors is unknown.

Given the limited data on use of these therapies and their influence on adherence in U.S.

women, we examined semiannual trends in single-tablet regimen use and adherence among

ART-treated HIV-infected women in the Women’s Interagency HIV Study (WIHS) between

2006 and 2013. Using a nested cohort study design, we compared the effectiveness of

single-tablet versus multiple-tablet regimen use with respect to adherence and related health

outcomes, including virologic suppression, disease progression, and quality of life, using

propensity score matching to account for potential confounding by indication in a broad

sample of ART-experienced WIHS participants. In a subset of participants who switched

from a pre-existing regimen to a single-tablet regimen, we conducted a case-crossover study

to test for a post-switch increase in adherence and virologic suppression, as an alternate way

to account for confounding since each participant’s treatment outcomes after switching are

compared with her outcomes before switching.

METHODS

Source population

The WIHS is a longitudinal study of over 4,000 HIV-infected and -uninfected women who

have been followed at 6-month intervals at six U.S. sites, with detailed examinations,

specimen collection, and structured interviews assessing health behaviors, medical history,

and medication use.(22, 23) Women were recruited in 3 waves (1994–1995, 2001–2002,

2010–2012) from HIV primary care clinics, hospital-based programs, community outreach

sites, women’s support groups, and other locations. In contrast to clinic-based cohorts that

collect data through routine care, the WIHS is interval-based, meaning that visits occur

independently of clinical care and therefore capture behaviors (e.g., ART non-adherence)

that may be less likely to be reported to care providers. The demographic composition of

study participants in the WIHS is representative of the U.S. female HIV-infected population.

(24)

Inclusion criteria

Inclusion criteria included HIV infection and ART use. We included any person-visit in the

WIHS between April 1, 2006 and March 31, 2013 during which an HIV-infected participant

self-reported ART use in the previous six months and had a valid HIV-1 viral load

measurement. In the time trend analysis only, we excluded ART users who enrolled in the

WIHS in 2011 or later (N=701 person-visits) to avoid a potential cohort effect by this

younger group. Because most WIHS participants during the study period are ART-

experienced, and such individuals differ in adherence levels compared with those who are
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ART-naïve,(25) we limited analyses examining the association between single-tablet

regimen use and adherence-related outcomes to ART-experienced women.

We conducted sensitivity analyses among a pre-defined subgroup of women who were less

likely to conceive and therefore more likely to be indicated for use of the EFV/TDF/FTC co-

formulation due to the following characteristics: age 45+; report of having undergone

menopause; a history of sterilization (e.g., hysterectomy, tubal ligation, or oophorectomy);

or use of hormonal birth control in the past 6 months. We also performed a sensitivity

analysis excluding RPV/TDF/FTC and EVG/COBI/TDF/FTC users since they only

comprised 6% of person-visits on a single-tablet regimen.

Exposure of interest

Our exposure of interest was single-tablet regimen use, defined as current use of one of the

three available single-tablet ART formulations (EFV/TDF/FTC, RPV/TDF/FTC, EVG/

COBI/TDF/FTC), and no other antiretroviral drugs, at each 6-month study visit.

Outcomes of interest

ART adherence is assessed in the WIHS by asking the participant the percentage of time

during the past 6 months that ART was taken as prescribed,(26) categorized as: 100% of the

time, 95–99%, 75–94%, and <75%. We dichotomized the response to 95% or greater

adherence, based on prior work that has found this level of adherence to optimize virologic

outcomes.(27) We also examined an alternate definition of 100% adherence versus <100%

adherence.(28) This decision was supported by WIHS data showing 77–78% virologic

suppression among women reporting either 95–99% or 100% adherence, but only 60%

suppression among women reporting 75–94% adherence. Virologic suppression was defined

as having an HIV-1 viral load <80 copies/mL. We assessed quality of life (QOL) based on a

summary score derived from a shortened version of the Medical Outcomes Study-HIV.(29,

30) This score, which comprises six subdomains including physical function, pain, energy/

fatigue, emotional well-being, social functioning, and role functioning, ranges from 0,

representing worst QOL, to 100, representing best QOL. We defined improvement in QOL

as a dichotomous variable capturing any increase in the QOL score from the previous visit.

Finally, incident AIDS-defining clinical events were assessed via self-report at each visit or

through matches with cancer or tuberculosis registries, using the 1993 CDC clinical AIDS

definition.(31) We also examined a composite outcome of clinical AIDS or death. Death

was ascertained based on active follow-up with participants or next of kin, or through death

registry matches.

Other variables

We considered the following variables as potential confounders: age at visit, race/ethnicity,

calendar year, recruitment period (2010–2012 versus earlier), income, education,

employment, insurance status, enrollment in the AIDS Drug Assistance Program (ADAP),

study site, CD4+ count, viral load, number of children, birth of child since last visit, history

of sterilization, menopause status, current and past recreational drug use and alcohol use,

housing status, and severe depressive symptoms (score ≥ 23), as assessed by the Center for

Epidemiologic Studies Depression Scale [CES-D].(32)
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Statistical methods

We examined time trends in once-daily single-tablet regimen use and in ART adherence, for

each 6-month period between April 2006 and March 2013. Within each period, the

numerator was the number of women in each category (e.g., on a single-tablet regimen), and

the denominator was the number of women on ART. We tested for time trends using

Poisson regression with generalized estimating equations (GEE).

Nested cohort study—To assess the effectiveness of single-tablet regimen use on

adherence-related treatment outcomes, we compared outcomes between person-visits on a

single tablet regimen and those not on a single-tablet regimen after propensity score

matching to address potential confounding by indication.(33) We estimated the propensity

score as the predicted probability of being on a single-tablet regimen, given the

aforementioned confounders, by logistic regression. Using the propensity score, we matched

person-visits of women on a single-tablet regimen with similar person-visits not on a single-

tablet regimen, to eliminate the association between the confounding factors and use of a

single-tablet regimen. Nearest neighbor matching was used for all confounders, except for

history of sterilization and recruitment period, for which exact matching was used. We

matched each single-tablet regimen person-visit to 3 non-single-tablet regimen person-visits

for increased efficiency. Adequate balance on confounders was assessed based on an

estimate of the standardized bias, defined as the difference in the means of each covariate

before and after matching, divided by the standard deviation.(34) Standardized bias

estimates ranged from <0.001 to 0.067, suggesting that the groups were well-balanced on all

measured confounders. We used log-binomial regression (or Poisson regression when

models did not converge) to estimate risk ratios for ART adherence, virologic suppression,

improvement in QOL, and an AIDS-defining event at the visit following the index person-

visit (i.e., six months after). We performed sensitivity analyses that stratified on baseline

presence of viremia, to assess whether baseline viral load played a role in subsequent

virologic suppression. Because QOL data in the WIHS are collected at every other visit, we

used QOL data from the subsequent visit for person-visits with missing data. All analyses

used GEE to account for correlated data within individuals.(35)

Case-crossover study—In a subset of women who switched from a pre-existing

regimen to a single-tablet regimen, we tested for a post-switch increase in adherence and

virologic suppression among those who remained on the single-tablet regimen for two

consecutive visits, controlling for time-varying confounders, using a case-crossover study

design.(36) Only time-varying confounders were needed because we compared outcomes in

different person-visits corresponding to the same participant. We did not determine risk

ratios for QOL or AIDS-defining events due to insufficient data. Among those not fully

adherent to their ART regimen (i.e., <100% adherence), we compared the reasons for

missing ART medications while on the preexisting regimen versus the single-tablet regimen,

using a standardized questionnaire.(26)

We used SAS 9.3 (SAS Institute, Cary, NC) and R 3.0.2 (R Foundation for Statistical

Computing, Geneva), including the MatchIt package for propensity score matching,(37) for

analysis.
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RESULTS

There were 15,523 person-visits between April 2006 and March 2013, representing 1,727

ART-treated women, included in this analysis. Briefly, 53% were black, 29% Hispanic, and

15% white. The median age at visit was 47 (interquartile range [IQR]: 41–52). 71% had a

history of any recreational drug use (25% injection drugs), and 17% were currently using

recreational drugs. 71% had an income of $24,000 or less, and 19% had a CES-D score of

23+, indicative of severe depressive symptoms. The median CD4+ count at the time of visit

was 528 cells/uL (IQR 346–733), and the median viral load was undetectable (75th

percentile = 92 copies/mL). 44% had a history of sterilization. Among participant visits

reporting use of a non-single-tablet regimen, 70% were on a protease inhibitor (PI)-based

regimen, while 26% were on a non-nucleotide reverse transcriptase inhibitor (NNRTI)-based

regimen. 94.6% of participant visits reporting use of a single-tablet regimen were on

EFV/TDF/FTC, with 5% on RPV/TDF/FTC and the remainder on EVG/COBI/TDF/FTC.

Among the 511 single-tablet regimen users during the study period, 13% were ART-naïve

when first starting the regimen.

Figure 1 shows trends between 2006 and 2013 in single-tablet regimen use, ART adherence,

and virologic suppression among established participants using ART in the WIHS. Use of

single-tablet regimens significantly increased from 7% in 2006 to 27% in 2013

(ptrend<0.001). During the same period, adherence increased from 78% to 85%

(ptrend<0.001), while virologic suppression increased from 71% to 77% (ptrend<0.001). After

taking into account the increased use of single-tablet regimens, the calendar-time increases

in adherence and virologic suppression were attenuated by 53% and 21%, respectively,

suggesting that single-tablet regimens contributed considerably to the increase in adherence

over time. These relationships persisted when focusing on women more likely to have no

contraindication for EFV/TDF/3TC (75% of the study population), i.e., women no longer of

child-bearing age, sterile women, or women on hormonal contraception.

Among treatment-experienced women, there were 1,846 person-visits between 2006 and

2013 on a single-tablet regimen available for the nested cohort study, propensity-score

matched on a 1:3 basis with 5,348 person-visits on a multiple-tablet regimen. Table 1 shows

selected characteristics of women at these visits, before and after matching. Being on a

single-tablet regimen was associated with a 5% increase in adherence, defined as taking

one’s medications at least 95% of the time during the previous six months (adjusted risk

ratio [RR] 1.05, 95% confidence interval [CI] 1.03–1.08) (Table 2). Defining adherence as

taking one’s medications 100% of the time resulted in a larger association (RR 1.18, 95% CI

1.10–1.26).

A single-tablet regimen was also significantly associated with increased virologic

suppression (RR 1.06, 95% CI 1.01–1.11). This association was maintained when stratifying

by viremia: among those with no detectable viremia when the regimen was assessed, the RR

for maintaining suppression was 1.04 (95% CI 1.01–1.07); among those with viremia, the

RR for becoming suppressed was 1.19 (95% CI 1.02–1.39). Single-tablet regimen use was

associated with better QOL and fewer AIDS-defining events in the next six months, but

these results were not statistically significant (RR 1.03, 95% CI 0.96–1.11 and RR 0.96,
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95% CI 0.62–1.49, respectively). Extending follow-up of AIDS-defining events to two years

resulted in a more pronounced effect (RR 0.61, 95% CI 0.37–0.996). These inferences

remained when excluding RPV/TDF/FTC and EVG/COBI/TDF/FTC from analysis.

For the case-crossover study, there were 163 women who switched regimens over time and

maintained single-tablet regimen use for at least two visits. 35% of these women were

previously on the same drug components prior to switching to the single-tablet regimen

(e.g., TDF/FTC + EFV) and 28% had been on a similar regimen based on the same drug

class (i.e., 2 NRTI + one NNRTI) prior to switch. 58% had been on a regimen based on a

different drug class, primarily PI-based. 34% had been on a twice- or three times daily

regimen prior to switching to a single-tablet regimen. The single-tablet regimen was

associated with increased adherence (85% to 90%, RR 1.08, 95% CI 1.002–1.14) and

virologic suppression (77% to 85%, RR 1.08, 95% CI 0.97–1.20), compared with levels on

the prior regimen (Table 3). Important time-varying characteristics associated with better

outcomes included a higher baseline CD4+ count, less alcohol use, and no recreational drug

use. 70% of switchers maintained their baseline viral load after switching, while 18% had a

lower viral load and 12% had a higher viral load. Among the reasons why women were not

fully adherent to their medication on their prior regimen (i.e., took <100% of medication in

the past six months), the reasons most often stated were “had a change in daily routine”

(12%), “simply forgot” (11%), “fell asleep or slept through dose time” (10%), and “did not

feel like taking any pills” (8%) (Table 4). The percentages decreased for almost all reasons

after switching to the single-tablet regimen, and the decrease was greatest for the reasons,

“had a change in daily routine” (12% to 6%, p=0.04) and “did not feel like taking any pills”

(8% to 2%, p=0.01).

DISCUSSION

In this treatment-experienced population of HIV-infected women in the United States, we

found that single-tablet regimen use was associated with significant improvements in

adherence and virologic suppression. We also found suggestive evidence that it may also

improve overall QOL and reduce the incidence of clinical events such as AIDS-defining

illness and death. These associations were consistent based on two complementary

approaches: a nested cohort study that compared periods of single-tablet ART use with

periods of multiple-tablet ART use among similar individuals, and a case-crossover study

that limited assessment to women who recently switched regimens. Our approach allowed us

to make generalizations about the effectiveness of single-tablet regimen use in real-world

conditions that are not restricted to those found in clinical trials.

Our results are broadly consistent with those reported in the literature,(15, 17, 38) extending

these findings to women who often have characteristics predisposing them to lower

adherence to HIV treatments. The levels of adherence among women that we observed are

consistent with other recent studies in the U.S.,(6, 7) and add to an accruing body of

evidence supporting benefits of regimen simplification. (8, 9, 39) Our demonstration of

improved virologic suppression as a consequence of single-tablet regimen use provides a

partial explanation for published secular improvements in suppression among HIV-infected

individuals over time.(40) However, the magnitude of the increases attributable to single-
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tablet regimens (5–18%) during the study period suggests that these regimens provide only

incremental improvements on treatment outcomes in our population. Other factors, such as

improved retention in care, may also contribute to these increases and are the focus of

interventional studies.(41, 42)

Use of single-tablet formulations reached only about 20% of this group through 2013, lower

than previously reported in some other settings.(8) This level may reflect the clinical history

of this treatment-experienced cohort, with some women having been enrolled in the study

for up to 19 years. Switching to a single-tablet regimen may not have been considered a

priority to their providers if they were already stable on their current regimen, if they already

developed resistance to one of the components of the available single-tablet regimens, or if

they were planning to become pregnant. In contrast, the few women who were ART-naïve

prior to initiating therapy during the study period started on a single-tablet regimen 48% of

the time.

Continued monitoring of the effects of emerging adherence strategies is warranted to

strengthen the evidence base, especially as the health care environment continues to evolve

in the U.S. and internationally. For example, it has been postulated that as generic versions

of individual components of single-tablet regimens become available, some individuals may

switch back to multiple-tablet formulations due to their anticipated lower cost, particularly

in resource-poor settings.(43) The potential effects of such a change on adherence outcomes

in our population will be important to follow over time. Future work should also follow the

outcomes of previously ART-naïve women initiating single-tablet regimens, including

younger women currently being recruited to join the WIHS as new participants.

Our study has limitations. One limitation is that ART adherence is based on self-report,

rather than medication event monitoring systems or unannounced pill counts.(17) However,

self-report has been shown to have comparable validity with other more expensive

monitoring systems,(44, 45) and is recommended for routine adherence monitoring in

patients despite the potential for reporting bias.(46) Other limitations relate to our

measurement of adherence. Assessing adherence at 6-month intervals only captures

behaviors only in a broad sense. Use of 95% adherence as the outcome of interest, which is

based on older studies of unboosted protease inhibitors,(27) may be too conservative for

more recent regimens that may not require levels of adherence as high,(47) and therefore

may mask additional benefits of single-tablet regimens. Despite these drawbacks, the

uniformity and regularity of adherence assessment over the 8-year study period improves the

robustness of our findings. We grouped all multiple-tablet regimens together to compare

these collectively with single-tablet regimens, but this makes it difficult to distinguish

between benefits derived from the dosing schedule versus the regimen components.(46)

Finally, it is possible that the switching effects that we found in the case-crossover study are

a transient consequence of counseling, and future work should also examine the

sustainability of these improvements.

Despite these limitations, our study has several strengths. We report trends in single-tablet

regimen use and extend known inferences on their effectiveness to HIV-infected women in

the U.S., a growing population with less available research addressing their unique
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circumstances. Our data come from a well-established prospective study population that is

demographically representative of the national female HIV-infected population. The

WIHS’s detailed longitudinal data on health behaviors, medical history, and medication use

were instrumental in being able to create balanced groups to minimize the possibility of

confounding by indication (although residual confounding remains possible). Finally, the

WIHS follows many women who either continue to participate in the study past child-

bearing age or have undergone sterilization procedures, and therefore it is particularly

suitable to examine single-tablet regimen use among such women who can safely be

prescribed EFV despite its contraindications in terms of teratogenicity.

Adherence has been described as “a set of interacting behaviors informed by individual,

social, and environmental forces”.(48) Our study found that about 85% of ART-treated

women in the WIHS in 2013 were adherent at the 95% level, but only 50% were adherent at

the 100% level, even with the availability of single-tablet regimens. Thus, the “overlapping,

combination approaches” to HIV prevention advocated by the U.S. National HIV/AIDS

Strategy also apply to adherence.(49) Some examples of additional evidence-based

approaches that may be relevant to our study population include those that involve self-

management tools and individual- and group-level education and counseling.(46) While the

simplification of treatment regimens has contributed to improved adherence and virologic

suppression in women, it is just one component of a multi-faceted strategy to be able to truly

maximize the therapeutic benefits of ART.
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Figure 1.
Trends in single-tablet regimen use, adherence, and virologic suppression among ART users, Women’s Interagency HIV Study,

2006–2013.
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Table 2

Associations of single-tablet regimen use with adherence, virologic suppression, quality of life, and AIDS-

defining events or death, Women’s Interagency HIV Study, 2006–2013

Outcome Multiple-tablet regimen
person-visits with

outcome, (N, %)

Single-tablet regimen
person-visits with

outcome, (N, %)

Adjusted risk ratio for single-
tablet regimen use (95% CI)

P-value

95% adherence 4,258 (79.6) 1,617 (87.6) 1.05 (1.03–1.08) <0.001

100% adherence 2,601 (48.6) 1,144 (62.0) 1.18 (1.10–1.26) <0.001

Virologic suppression (<80
copies/mL)

3,890 (72.7) 1,527 (82.7) 1.06 (1.01–1.11) 0.03

Improvement in quality of life* 2,109 (39.4) 760 (41.2) 1.03 (0.96–1.11) 0.37

Clinical AIDS-defining event

 After 6 months 138 (2.6) 42 (2.3) 0.96 (0.62–1.49) 0.86

 After 1 year 223 (4.7) 56 (3.5) 0.87 (0.56–1.36) 0.54

 After 2 years 306 (8.5) 65 (5.4) 0.61 (0.37–0.996) 0.048

Clinical AIDS-defining event or death

 After 6 months 168 (3.1) 51 (2.8) 0.95 (0.66–1.37) 0.78

 After 1 year 274 (5.8) 73 (4.5) 0.92 (0.65–1.31) 0.64

 After 2 years 331 (9.1) 78 (6.5) 0.69 (0.48–0.997) 0.048

AIDS = acquired immunodeficiency syndrome, CI = confidence interval.

Total number of person-visits is 5,348 in multiple-tablet regimen group, 1,846 in single-tablet regimen group.

Risk ratios estimated using log-binomial regression with generalized estimating equations, after propensity score matching.

*
Based on modified Medical Outcomes Study quality of life index.
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