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Background: While extensive research has explored pharmacokinetic interactions between
antiretroviral therapy (ART) and hormonal contraception, few studies have examined whether
these interactions affect clinical outcomes. To address this gap, we conducted a systematic
review of the literature that describes hormonal contraceptive use among HIV-infected women
who also use ART, focusing on papers that address clinically important outcomes such as
pregnancy or ovulation.

Methods/design: An electronic literature search was conducted of PubMed and Ovid to iden-
tify all articles that addressed hormonal contraception co-administered with ART published in
English between January 1, 1990 and October 30, 2014. In addition, manual reference checks
ofall articles of interest were conducted to identify articles not captured in the electronic search.
Our search criteria identified 405 records. The title and abstract of data reports retrieved via the
search were reviewed to identify potential articles of interest. Those with any indication of the
main outcomes of interest were considered for inclusion (N=162). Abstracts were then reviewed
to identify those manuscripts that would merit a review of the full-text version (N=64). Eight
articles that addressed the outcomes of interest were identified. The Newcastle-Ottawa Scale
was used to assess the quality of these articles.

Results: The studies reviewed were limited in a number of ways that precluded their providing
a rigorous assessment of the efficacy of contraception when co-administered with ART.
Discussion: None of the studies were of adequate quality to provide the guidance that pro-
viders and HIV-infected women need when considering contraceptive options. High-quality,
well-powered studies are required to address the efficacy of hormonal contraception when
co-administered with ART.
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Introduction
More than half of HIV-infected individuals worldwide are women, the majority of
whom are of reproductive age.' In 2013, 3.2 million children under the age of 15 were
living with HIV, representing 9.1% of all individuals living with HIV worldwide.
Most of these children were infected perinatally.! Given that perinatal transmission
is preventable with antiretroviral therapy (ART), access to ART is a World Health
Organization priority.> Furthermore, as unintended pregnancies among HIV-infected
women are more likely than planned pregnancies to result in HIV transmission to the
infant,' there is also growing interest in the role of contraception as an additional tool
to prevent maternal/child HIV transmission.>*

However, if HIV-infected women are to benefit from effective contraception,
and if new infections in children are to be prevented by encouraging women to plan
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their pregnancies, women and providers need to know that
hormonal contraceptives will be effective in preventing preg-
nancy when co-administered with ART. Pharmacokinetic
interactions between hormonal contraceptives and ART,
primarily those that affect area under the concentration—time
curve (drug bioavailability) and half-life, have been exten-
sively documented. A number of case studies have also been
published that suggest that these pharmacokinetic interac-
tions may have clinical implications.”® Whether the concerns
raised in these studies translate into clinically significant
alterations in contraceptive efficacy is not known.

This paper presents the results of a systematic review of
the literature that explores the clinical efficacy of hormonal
contraception when co-administered with ART. Prior to pre-
senting these findings, we will review what is known from
pharmacokinetic and case studies. We will briefly describe
hormonal contraceptive methods, mechanisms of action, and
metabolic pathways. We will also provide a similar review of
ART. We will conclude by discussing clinical implications
and areas for future research.

Background

Hormonal contraception

Overview of hormonal contraception

Hormonal contraceptives are among the most effective and
most commonly used forms of contraception worldwide
(Table 1).° All methods of hormonal contraception include

Table | Hormonal contraceptives and efficacy

a progestin (synthetic progesterone), and some also contain
estrogen (usually ethinyl estradiol). The most commonly used
methods are the following: 1) oral contraceptive pills that are
taken daily and can contain either a progestin alone or com-
bined estrogen and progestin, 2) hormonal patch containing
estrogen and progestin that is applied weekly, 3) vaginal ring
containing estrogen and progestin that is changed monthly,
4) injection of depot medroxyprogesterone acetate (DMPA)
that is given every 3 months, 5) subcutaneous implants con-
taining progestin (etonogestrel implant, one rod; levonorg-
estrel implant, two rods) that are effective for either 3 years
or 5 years, and 6) intrauterine devices that contain progestin
(levonorgestrel) and are effective for 3 years or 5 years.

Mechanism of action of hormonal contraception

Hormonal contraceptives prevent conception through several
mechanisms, although the relative contributions of these
different mechanisms are controversial.'>!* A number of
authors suggest that prevention of ovulation is the primary
mechanism.!” Combined hormonal contraceptives that
include ethinyl estradiol and a progestin inhibit follicular
development, ovulation, and thus the formation of the corpus
luteum. These effects are driven by the inhibitory action
of contraceptives on the production and secretion of both
follicle-stimulating hormone (FSH) and luteinizing hormone
(LH). Either estrogen or progestin alone can inhibit FSH
and LH sufficiently to prevent ovulation, but when used

Contraceptive Hormone(s) Ideal use Typical % of % of contraceptive
failure use failure contraceptive users worldwide
users in the US (estimated 661 million)

Combined oral Estrogen: ethinyl estradiol 0.3% 9% 27.5% 16%

contraceptive pills Progestins: gestodene, norethindrone,
levonorgestrel, desogestrel,
drospirenone, norgestrel, dienogest,
norgestimate, ethynodiol diacetate

Progestin-only pills Norethindrone, ethynodiol diacetate, 0.3% 9% - Included in estimates of
levonorgestrel, desogestrel COCGs

Combined contraceptive  Ethinyl estradiol + norelgestromin 0.3% 9% 0.7% *

patch

Combined contraceptive  Ethinyl estradiol + etonogestrel 0.3% 9% 2.2% *

vaginal ring

DMPA (or other Medroxyprogesterone acetate 0.2% 6% 3.8% 6%

injectables)

Levonorgestrel [UD Levonorgestrel 0.2% 0.2% 5.6% (IUDs 25% (IUDs in general)

in general)
Implants 0.05% 0.05% 0.5% *
Single rod Etonogestrel
Double rod Levonorgestrel

Notes: *Other modern methods constitute 1% of contraceptive use worldwide. Data from Guttmacher Institute, Contraceptive use in the United States, Fact Sheet,
2014, http://www.guttmacher.org/pubs/fb_contr_use.pdf, accessed January 20, 2015.° Adapted from Reading BF. Growth in world contraceptive use stalling; 215 million
women’s needs still unmet [webpage on the Internet]. Washington, DC: Earth Policy Institute; 2012 [cited March 27, 2012]. Available from: http://www.earth-policy.org/

data_highlights/2012/highlights26. Accessed October 27, 2014.7°

Abbreviations: COCs, combined oral contraceptives; DMPA, depot medroxyprogesterone acetate; IUD, intrauterine device.
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in combination, it is thought that the progestin component
drives ovulation inhibition by blocking the midcycle LH rise,
while the estrogen component acts primarily to potentiate
the antiovulatory effects of progestins and to stabilize the
endometrium to prevent irregular bleeding.!’

However, other authors suggest that at the doses of estrogen
and progestin that are used in modern oral contraceptives, low-
dose progestins prevent pregnancy primarily by mechanisms
other than suppression of ovulation.'*** The most important of
these is thickening of the cervical mucus, leading to inhibition
of spinnbarkeit and prevention of sperm penetration. Effects of
progestins on the endometrium that result in atrophic changes,
and possibly inhibition of follicular development and follicular
atresia, may also play a role. Higher doses of estrogen and pro-
gestin than are used in hormonal contraceptives are required for
an anovulatory effect.”®

Metabolism and pharmacokinetics of hormonal
contraceptives

The major enzyme system that determines an individual’s
ability to metabolize drugs and chemicals is the cytochrome
P450 enzyme system. Cytochrome P450 occurs in different
isoforms that vary in terms of chemical and immunological
properties as well as substrate affinities.!* Cytochrome P450
3A (CYP3A) is one of the most important of these isoforms, as
itis found in metabolically active tissues such as the gastroin-
testinal tract and liver, and because it is the primary metabolic
pathway for numerous medications.'” Other enzyme systems
include dehydrogenases, oxidases, esterases, reductases, as
well as a number of conjugating enzyme systems such as
the glucuronosyltransferases.'® Ethinyl estradiol is metabo-
lized through the cytochrome P450 liver enzyme system.
Specifically, hydroxylation of ethinyl estradiol is catalyzed
by CYP3A4 and CYP2C9."® Relatively little is known about
the metabolism of progestins, but their metabolic pathways
are more varied than those for ethinyl estradiol."

Drug interactions and significance of alterations

in the pharmacokinetic parameters of hormonal
contraceptives

Because so many medications are metabolized by the cyto-
chrome P450 enzyme system, drug—drug interactions are
a common occurrence, with varying severity and clinical
importance. Hormonal contraceptives interact with a number
of different medications including ART, antibiotics, and
antiepileptic medications.?*** These interactions are a source
of concern, at least in theory, because decreased exposure
to contraceptive hormones, either because of decreased
bioavailability or because of more rapid clearance, could

lead to decreased contraceptive efficacy. If, in contrast,
bioavailability of the contraceptive hormones increases or
clearance is reduced, significant side effects could result.

Antiretroviral therapy

Overview of ART

ART is recommended for all individuals diagnosed with HIV,
regardless of CD4 count, to prevent both disease progres-
sion and transmission of HIV.2* There are several classes of
antiretroviral medications (Table 2), including nucleoside
reverse transcriptase inhibitors (NRTIs) that form the
backbone of most ART regimens, protease inhibitors (PIs),
non-nucleoside reverse transcriptase inhibitors (NNRTIs),
integrase inhibitors (ISTIs), CCRS5 inhibitors, and fusion
inhibitors. Each class of antiretrovirals attacks the virus at a
different point in its life cycle. For example, NRTIs function
as faulty DNA-building blocks. When one of these blocks
is integrated into a growing HIV-DNA chain, further DNA
synthesis is blocked. PIs act later in the viral life cycle by

Table 2 Antiretroviral therapy

Drug class Generic name Brand FDA
name approval
year
NRTIs Abacavir Ziagen 1998
Didanosine (ddl) Videx 1991
Emtricitabine (FTC) Emtriva 2003
Lamivudine (3TC) Epivir 1995
Stavudine (d4T) Zerit 1994
Tenofovir disoproxil Viread 2001
fumarate (TDF)
Zidovudine (AZT, ZDV) Retrovir 1987
NNRTIs Delavirdine (DLV) Rescriptor 1997
Efavirenz (EFV) Sustiva 1998
Etravirine (ETR) Intelence 2008
Nevirapine (NVP) Viramune 1996
Rilpivirine (RPV) Edurant 2011
Pls Atazanavir (ATV) Reyataz 2003
Darunavir (DRV) Prezista 2006
Fosamprenavir Lexiva 2003
(FOS-APV, FPV)
Indinavir (IDV) Crixivan 1996
Lopinavir/ritonavir (LPV/r)  Kaletra 2000
Nelfinavir (NFV) Viracept 1997
Ritonavir (RTV) Norvir 1996
Saquinavir (SQV) Invirase 1995
Tipranavir (TPV) Aptivus 2005
Fusion Enfuvirtide (T-20) Fuzeon 2003
inhibitors
Entry inhibitors ~ Maraviroc (MVC) Selzentry 2007
Integrase Dolutegravir (DTG) Tivicay 2013
inhibitors Raltegravir (RAL) Isentress 2007

Note: Data from AlDSInfo, accessed November 29, 2014.2

Abbreviations: FDA, US Food and Drug Administration; NRTIs, nucleoside
reverse transcriptase inhibitors; NNRTIs, non-nucleoside reverse transcriptase
inhibitors; Pls, protease inhibitors.
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interfering with the HIV enzyme called “protease”. This
enzyme typically cuts long chains of HIV proteins into
functional, smaller proteins. When protease does not work
properly, new virus particles cannot be correctly assembled.
New individual antiretroviral medications as well as new
drug classes have increased ART potency and activity against
multidrug-resistant HIV.

Optimal treatment for a patient who has never been
exposed to ART typically consists of two NRTIs in combina-
tion with a third active drug from one of three drug classes:
an NNRTI, a PI boosted with ritonavir (a PI taken with low-
dose ritonavir that boosts the serum concentration of the
primary PI), or an ISTI. The goal of therapy is to suppress
plasma HIV-RNA (viral load) to below detectable levels.?

Pharmacokinetics and drug interactions of ART

Most antiretroviral medications, like hormonal contracep-
tives, are metabolized through the cytochrome P450 liver
enzyme system, and thus, they interact with a number of other
medications.?** NRTIs are an exception and are metabolized

through other pathways.?**” PIs and NNRTIs can be inhibitors
and/or inducers of the cytochrome P450 enzyme systems,
making it difficult to anticipate outcomes of drug interactions
with these classes of ART.

Interactions between ART and hormonal
contraceptives

Pharmacokinetic interactions between hormonal contracep-
tives and ART are complex and depend on the antiretroviral
medications used, the specific contraceptive hormones
involved, and the mode of delivery of these hormones. Anti-
retroviral medications can interact with hormonal contracep-
tives, leading to changes in the pharmacokinetic parameters
of these hormones (Table 3).2#" Specifics of these interac-
tions are summarized in detail in Table S1. A brief summary
of these studies is presented here.

Effect of ART on hormonal contraceptive efficacy
Efavirenz appears to interact with most contraceptives.?$333
While it does not seem to alter the pharmacokinetics of

Table 3 Summary table of the impact of antiretroviral therapy on hormonal contraceptive area under the plasma concentration—time

curve and half-life

EE oral EE patch NET DSG NGM NGMN patch LNGoral LNGimplant DMPA ETG implant
NRTI
TDF H27 HZ7
NNRTI
NVP 12 AUC |2 28 3132

T o

EFV B 1= 13 13 o 13
ETV Ts7 137
RPV 338 338
Pl
RTV o
NFV HBI,BZ
LPV/r 150 12 REY T2 ES
ATV T 17
ATV/r AEE 139 T4
DRV/r I+ L
TPV/Ir 7 e
FPV 17
FPV/r 17 17
ISTI
RAL PR PR
DTG PN PN
CCRS inhibitor
MVC 36 374
VCV <47 <17
Cobicistat |7 17

Abbreviations: AUC, area under the concentration-time curve; T, ,

half-life; EE, ethinyl estradiol; NET, norethindrone; DSG, desogestrel; NGM, norgestimate; NGMN,

norelgestromin; LNG, levonorgestrel; DMPA, depot medroxyprogesterone acetate; ETG, etonogestrel; NRTI, nucleoside reverse transcriptase inhibitor; TDF, tenofovir;
NNRTI, non-nucleoside reverse transcriptase inhibitor; NVP, nevirapine, EFV, efavirenz; ETV, etravirine; RPV, rilpivirine; Pl, protease inhibitor; RTV, ritonavir; NFV, nelfinavir;
LPV/r, lopinavir/ritonavir; ATV, atazanavir; ATV/r, atazanavir/ritonavir; DRV/r, darunavir/ritonavir; TPV/r, tipranavir/ritonavir; FPV, fosamprenavir; FPV/r, fosamprenavir/
ritonavir; ISTI, integrase inhibitor; RAL, raltegravir; DTG, dolutegravir; MVC, maraviroc, VCV, vicriviroc; T, increase; |, decrease; <, unchanged.
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ethinyl estradiol, it consistently decreases the bioavailability
and half-life of progestins when co-administered. The
only exception to this is DMPA, which does not appear to
interact with any of the antiretrovirals with which it has
been tested.3!*23¢ In contrast, nevirapine primarily interacts
with ethinyl estradiol, causing a decrease in the area under
the concentration—time curve and half-life,?®*?* although
Stuart et al*® reported that ethinyl estradiol area under the
concentration-time curve was higher among HIV-infected
compared with uninfected women. It also decreases the area
under the concentration-time curve of norethindrone® but
has minimal effect on desogestrel.?

Lopinavir/ritonavir has also received a lot of attention
from researchers. It decreases pharmacokinetic parameters
of ethinyl estradiol, both in oral and patch formulations,
and norethindrone taken orally but increases those of
norelgestromin when administered as part of the contracep-
tive patch.* Pharmacokinetic parameters of etonogestrel
when administered as an implant also increase when
co-administered with lopinavir/ritonavir.>* ISTIs do not
appear to interact significantly with ethinyl estradiol or
norgestimate.*®*

Effect of hormonal contraception on ART efficacy

The effect of drug—drug interactions on ART efficacy has
received far less attention than the impact of drug—drug
interactions on hormonal contraceptive efficacy (Table 4).
Oral contraceptive pills containing ethinyl estradiol and
desogestrel decrease pharmacokinetic parameters of nevi-
rapine®® but increase that of efavirenz slightly.?® Nevirapine
area under the concentration-time curve also increased
when co-administered with DMPA, as did that of etravirine
when co-administered with ethinyl estradiol/norethindrone.>’
The contraceptive patch seems to cause a mild decrease in
pharmacokinetic parameters of lopinavir but a more dramatic

decrease in the ritonavir component when taken as the
combined formulation, Kaletra (AbbVie, Inc., Worcester,
MA, USA).*°

Clinical impact of pharmacokinetic interactions
between hormonal contraception and ART

Changes in the pharmacokinetic parameters of ethinyl estra-
diol and progestins, such as area under the concentration—
time curve and half-life, do not necessarily result in clinically
important outcomes, such as pregnancy. There is substantial
inter- and intraindividual variation in the area under the
concentration—time curve and/or half-life of ethinyl estradiol
and the progestins even in the absence of major drug—drug
interactions.>'*? In part, because of this variation, target levels
for serum concentrations of ethinyl estradiol or the proges-
tins, or acceptable ranges for the half-life and bioavailability
of these medications, have not been established.** Therefore,
it is difficult to come to any conclusion about the clinical
importance of changes in the pharmacokinetic parameters
of hormonal contraceptives.

Heightening concern about the clinical implications
of these interactions are a number of case studies that
document the occurrence of pregnancies when the single-
rod implant that contains etonogestrel and efavirenz is used
concurrently.’® Table S2 provides detailed information on
these four case studies.

In addition, interactions between hormonal contracep-
tion and ART could also result in increased serum con-
centrations of either ART or the hormonal contraceptives,
resulting in potentially significant side effects. For example,
increased progestin concentrations — that may occur when
atazanavir, ritonavir-boosted atazanavir, or lopinavir/ritonavir
are co-administered with subcutaneous implants or the
patch®>3%424 — may make women more at risk for metabolic
complications such as insulin resistance, metabolic syndrome,

Table 4 Summary table of the impact of hormonal contraceptives on antiretroviral therapy

TDF NVP EFV ETV RPV sQv LPVIr FPV FPVIr

EE/NGM o JIeT
L6

EE/DSG 17 Sl 176
EE/NET & T ¥ g 7
DMPA ™ e
LNG oral 3
EE/GSD o

EE/NGMN patch

LPV 12 (NS)
RTV |2

Abbreviations: TDF, tenofovir; NVP, nevirapine; EFV, efavirenz; ETV, etravirine; RPV, rilpivirine; SQV, saquinavir; LPV/r, lopinavir/ritonavir; FPV, fosamprenavir; FPV/r,
fosamprenavir/ritonavir; EE, ethinyl estradiol; NGM, norgestimate; DSG, desogestrel; NET, norethindrone; DMPA, depot medroxyprogesterone acetate; LNG, levonorgestrel;
GSD, gestodene; NGMN, norelgestromin; LPV, lopinavir; RTV, ritonavir; Sit, slight; NS, not significant; T, increase; |, decrease; <», unchanged.
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or venous thromboembolic disorders.> Those that decrease
serum estradiol concentrations?®*#%4> may increase the risk
of irregular spotting between periods. Such side effects may
make women less likely to continue with these regimens.

While all of these studies highlight potential areas of con-
cern, none provide information about the impact that these
pharmacokinetic interactions have on clinical outcomes such as
pregnancy. The purpose of this manuscript, therefore, is to iden-
tify and explore clinical outcomes occurring in HIV-infected
women using both ART and hormonal contraception.

Methods/design

Design and scope

We conducted a systematic review of the efficacy of hormonal
contraception when used by HI V-infected women on ART. Our
goal was to review clinically relevant outcomes and assess the
quality of evidence so as to provide a foundation for under-
standing the consequences of co-administration, and ultimately
for developing management strategies for HIV-infected women
using both hormonal contraception and ART.

Criteria for considering studies

Inclusion and exclusion criteria

Published reports were included in this analysis if they were
written in English and published between January 1, 1990
and October 30, 2014. To be included, articles had to address
contraceptive efficacy in women using ART. They could,
but did not have to, address ART efficacy in women using
hormonal contraception, or side effects that could be related
to pharmacokinetic interactions.

Outcome measures

The primary outcome of interest was evidence of the effi-
cacy or lack thereof of hormonal contraception when co-
administered with ART. Pregnancy was the primary outcome,
but evidence of ovarian function, including ovulation, was
also acceptable.

Exposure measures

The exposures of interest were ART and hormonal contracep-
tive use. ART use was defined as use of any of the US Food
and Drug Administration-approved antiretroviral medications.
Hormonal contraceptive use included use of any contraceptive
that contains a progestin, either alone or with estrogen.

Search strategy
We searched PubMed and Ovid for pertinent articles
(Figure 1). The search terms were related to hormonal

contraception and ART use among HIV-infected women
and included hormonal contraception, or birth control, or
family planning, or contraception, or contraceptives, or hor-
monal contraceptives, in combination with the terms HIV,
or antiretroviral therapy, or ART, or cART, or HAART. All
of these terms were entered together into the search engine.
We also reviewed the references from all studies included in
the analysis to be sure that we had not missed any pertinent
references.

Screening and data collection

Our search criteria identified 405 records. As an initial
screening step, the title and abstract of data reports retrieved
via the search were reviewed. Titles or abstracts with any
indication of the main outcomes of interest were considered
for inclusion (N=162). Full-text versions of 64 of these
articles were retrieved and reviewed. For studies that were
excluded (n=56), reasons for the exclusion were noted. The
remaining full-text articles (n=8) were read in-depth, and data
were entered onto grids developed for the purposes of this
study. The information collected included sample size and
descriptors of the sample, ART and hormonal contraception
regimens, primary and secondary study outcomes, measures
of adherence, duration of follow-up, results, and the country
where the subjects were recruited.

Newcastle-Ottawa Scale: study quality

and critical appraisal

To assess the quality of the studies reviewed, we used the
Newcastle-Ottawa Scale (NOS)* which assigns quality rat-
ings to studies based on threats to internal validity. In par-
ticular, the NOS assesses the presence of selection bias: the
likelihood that the process of assigning or recruiting subjects
has resulted in unidentified differences between exposed
and nonexposed subjects. The NOS employs separate rating
scales for cohort studies and case—control studies. For cohort
studies, there are three categories in the NOS: Selection,
Comparability, and Outcome. For case—control studies, the
categories are Selection, Comparability, and Exposure.

Categories

Selection

To determine selection bias in cohort studies, raters evaluate
the following items: 1) the representativeness of the exposed
cohort, 2) selection of the nonexposed cohort, 3) ascertain-
ment of the exposure (self-report versus a more reliable
method such as documentation in the health record or a
laboratory test result), and 4) demonstration that the outcome
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405 records identified in
PubMed and OVID and from
reviewing reference lists of
related manuscripts

162 records screened

245 excluded

21 articles excluded because
they contained no new data,
were reviews, or were
commentary on previous

64 full-text articles
assessed for eligibility

articles/reviews

23 pharmacokinetic
studies excluded

2 articles excluded because
they did not include
information on the impact of
ART on hormonal
contraception

5 articles excluded because
they did not include

4 case studies excluded

Eight studies included in the
qualitative analysis: 1 case—control,
7 cohort studies

information on pregnancy or
ovarian function

1 article excluded because

Figure | Flow diagram for study selection.
Abbreviation: ART, antiretroviral therapy.

of interest was not present at study initiation. In case—control
studies, the focus is on the following items: 1) adequacy of
case definition, 2) the representativeness of the cases, and
3) the selection and definition of controls.

Comparability

To assess for confounding due to noncomparability of groups,
reviewers must evaluate whether the study authors matched
their groups on important confounders, or whether confound-
ers were included in the statistical analyses.

Outcome/exposure

For cohort studies, the outcome must also be assessed in a
reliable manner. For example, self-reported outcomes may
be less reliable than documentation in the medical record.
Adequacy of follow-up is also important to ensure that
enough time has elapsed for the outcome to have occurred.
Of equal importance is verifying that comparable follow-up
is provided by those with the exposure and those without.
Finally, in cohort studies, reviewers assess how the study

hormonal contraception was
not included

authors address subject attrition and follow-up. No attrition
is ideal, but if it occurs, minimal numbers (<5%) are pref-
erable, and descriptions of those subjects who were lost to
follow-up are imperative so that they can be compared to
those who remained in the study.

For case—control studies, the final area of interest is exposure:
how it was ascertained, and whether it was ascertained in the
same way in both cases and controls. A full description of those
who did not respond must also be provided.

Scoring

Studies are awarded points for each of the categories as
follows: a maximum of one point is awarded for each of the
four items within the Selection category, up to two points can
be awarded for Comparability, and one point can be awarded
for each of the three items in the Outcome or Exposure
categories. The highest possible total score is nine points. For
the current manuscript, each study was reviewed and scored
by two of the authors (JAW and GN). When ratings differed
between reviewers, discussion achieved consensus.
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Results

We identified eight studies with clinically significant out-
comes (Table 5). Seven were cohort studies, and one was
case—control. No randomized controlled trials met our search
criteria.

Results of individual studies

Contraceptive efficacy

Out of the eight studies reviewed, two had findings that sug-
gested that ART use was associated with an increased risk
of pregnancy among women using hormonal contraception.
Clark and Theall* found that among women taking combined
oral contraceptive pills, seven of the eight contraceptive

Table 5 Cohort and case—control studies

failures experienced by women using Pl-based regimens
occurred among women using nelfinavir. One instance of
failure occurred in women using saquinavir. No pregnancies
were identified among the women using indinavir or ritonavir.
Among women using NNRTI-based regimens, two pregnancies
occurred in women using efavirenz. None of the six women
taking nevirapine became pregnant. Perry et al’’ found that the
ART regimen was the only factor associated with risk of preg-
nancy in a cohort of women using the levonorgestrel implant:
15 of the 16 pregnancies occurred in women using efavirenz.

Danel et al®® identified seven pregnancies in a cohort of
women who used efavirenz-based ART, and either DMPA
or combined oral contraceptives. The association between

Authors Sample Controls Study design Primary outcomes ART regimens
Clark and I'l HIV+ women who may 86 women on COCs  Retrospective Determine frequency of potential  Pl-based: NFV,
Theall*® have conceived while on who did not conceive case—control COC failure among women on SQV, IDV, RTV
oral contraceptive pills. from same clinic ART and COC
From urban clinic, EHR-based NNRTI-based: EFV, NVP

New Orleans

Nanda et al*®* |72 HIV+ women on NVP.

178 HIV+ women

Nonrandomized

Neither Pl nor NNRTI

Compare ovulation rates NVP-containing ART

Clinics in South Africa not yet eligible prospective between women taking COCs versus no ART
and Uganda for ART clinical trial concurrently with NVP-containing
ART, and those taking COCs
alone. Secondary objective:
comparing pregnancy rates
Danel et al®® 740 total, 548 HIV+ women None Cohort 6-month efficacy and tolerance AZT/3TC
Clinics in Abijan, of AZT/3TC/EFV in adults in EFV
Cote d’lvoire Abidjan, Cote d'lvoire
Kreitchmann 79 HIV+ implant users None Cohort Evaluate safety and efficacy 71% on ART
et al*’ in Porto Alegre, Brazil of Implanon (NNRTI- and
Pl-based regimens)
Heikinheimo 12 HIV+ LNG-IUS users None Cohort Assess effects of LNG-IUS on Various — 10/12 on
et al® from clinic, Helsinki, Finland bleeding patterns, iron stores, ART, either PI- or

Heikinheimo 15 HIV+ LNG-IUS users 25 age and CD4

Retrospective

ovarian function, and genital NNRTI-based
shedding of HIV

Assess the effects of long-term No description

et al®' from clinic, Helsinki, Finland count matched cohort use and safety of LNG-IUS among of ART
controls HIV+ women
Perry etal”” 570 HIV+ implant users, Groups on different  EHR-based Efficacy of 5-year implant among ~ NVP
Swaziland antiretrovirals retrospective HIV+ women on ART EFV
cohort LPV/r
Hubacher 48 implant users from 33 nonhormonal Prospective Examine impact of concurrent D4T or AZT
et al®? hospital clinic, Kenya contraceptive users cohort use of ART and 5-year implant on  and 3TC/NVP

matched on age, CD4
count, same ART
as cohort

efficacy of both medications

Note: *This is an exposure rather than an outcome point.

Abbreviations: ART, antiretroviral therapy; COCs, combined oral contraceptives; Pl, protease inhibitor; NFV, nelfinavir; SQV, saquinavir; IDV, indinavir; RTV, ritonavir; EHR,
electronic health record; NNRTI, non-nucleoside reverse transcriptase inhibitor; EFV, efavirenz; NVP, nevirapine; EE, ethinyl estradiol; NG, norgestrel; AZT, azidothymidine;
3TC, epivir; DMPA, depot medroxyprogesterone acetate; LNG-IUS, levonorgestrel intrauterine system; LPV/r, lopinavir/ritonavir; Ol, opportunistic infection; CD, cluster

of differentiation; D4T, stavudine.
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the different contraceptives and pregnancy, however, was
not assessed.

No pregnancies occurred among HIV-infected women
on ART in four of the studies.**** Hubacher et al®? explored
the use of levonorgestrel implants among women using
nevirapine-based ART regimens. In the other studies, ART
use was not well described. Heikinheimo et al explored the
use of the levonorgestrel intrauterine system (LNG-IUS)
among HIV-infected women most of whom were on PI/
NRTI combinations, with no further information provided
on the specific antiretrovirals used.*! Kreitchmann et al®
studied a group of HIV-infected women using Implanon and
ART. Only the categories of ART were provided (PI- and

NNRTI-based therapies), so understanding the impact of
specific medications was not possible.

Nanda et al*® explored the association between nevirapine-
based therapy and combined oral contraceptive use on
pregnancy and ovulation. Pregnancy incidence at 6 months
of follow-up was similar for women using nevirapine (4.8%
[95% confidence interval 1.2, 8.4%]) and for those not on
ART (5.0% [95% confidence interval 1.2, 8.9%]). Rates of
ovulation also did not differ by ART status.

ART efficacy
While most of these analyses were primarily focused on the
efficacy of hormonal contraception when co-administered

HC regimens Adherence Duration of  Results Study quality
follow-up Selection = Comparability =~ Outcome
points points points
Cases: COC Not Not 32% of those on Pl-based regimens 2 0 I*
(formulation not  described described became pregnant, 10% of those on
specified): 10 NNRTI-based regimens, 0% on
Controls: other regimens
COC: 86
COCGCs Self-report 6 cycles — ART use was not significantly associated 0 2 |
24 weeks with ovulation or pregnancy
EE (30 ug)/NG Pregnancy incidence at 6 months:
4.8% (ART), 5.0% (non-ART)
No difference in adverse events
65% DMPA, Self-report 6 months Incidence of serious side effects 2 0 |
35% COC of 0.9/100 person months. Contraceptive
(formulation use increased over the 6 months: 58%—80%.
not specified) 7 pregnancies occurred (2.6/100 person
years) — not assessed by COC status
Implanon Pharmacy 3 years No pregnancies 3 0 |
records
LNG-IUS Not | year No pregnancies. Levels of LNG were similar 2 0 2
described in all subjects. Estrogen remained in the
follicular-phase range in all subjects.
No change in CD4 count
LNG-IUS Not 5 years No pregnancies, no adverse events | 2 3
described
Jadelle Not Not All bivariate associations. |5 of the 3 0 |
described described 16 women who became pregnant were
on EFV
Jadelle Not 2 years None of the implant users and | of the 2 2 0
described nonusers became pregnant. No difference
in CD4 count/increase. Ol rates
did not differ
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with ART, Hubacher et al®> were also interested in implica-
tions for the efficacy of ART when co-administered with
the levonorgestrel implant. They found that there were no
differences in CD4 count recovery among women using the
levonorgestrel implant compared with those who did not,
nor did opportunistic infection rates differ between the two
groups, suggesting that the implant did not adversely affect
ART efficacy.

Side effects potentially related to drug—drug
interactions

Three studies also examined the occurrence of side effects
that could be related to pharmacokinetic interactions between
ART and hormonal contraceptives. Hubacher et al®? identified
no serious side effects in women using both nevirapine-based
ART and the levonogestrel implant. Heikinheimo et al®®¢!
were also interested in the safety of the LNG-IUS among
HIV-infected women on various ART regimens in both of
their studies and found no serious side effects.

Assessment of study quality

The risk of bias in these studies was significant (Table 5).
Out of nine possible points, the average number of points
given to the studies we reviewed was four. The point range
for individual studies was three to six.

Risk of bias within cohort and case—control

studies based on the NOS

Cohort studies

Selection: In the cohort studies, the average score for Selec-
tion was two out of four possible points (Table 6). Points
were typically lost because recruitment procedures were
not described, making it difficult to assess whether or not
the exposed cohort was truly representative of the popula-
tion of interest. Authors reported that women were recruited
from certain clinics, but details about the recruitment pro-
cess were not provided. The two articles that were scored
favorably for representativeness of the exposed cohort used
electronic health record (EHR)-based cohorts; they were able
to identify and include all of the women from the clinics of
interest who met inclusion criteria. The nonexposed cohorts
in these studies were from the same clinics as the exposed
groups and were also identified using the EHR.5* All but
one study used reliable methods for ascertaining exposure
(secure records such as documentation in the EHR and struc-
tured interviews) and thus received full points. The one study
that did not receive points for this item did not describe how

Table 6 Newcastle-Ottawa Scale: components and rating scale

Case-control studies

Cohort studies

Exposure

Comparability

Selection

Outcome

Comparability

Selection

2 points possible 3 points possible

4 points possible

3 points possible

2 points possible

4 points possible

* Are groups matched on * How was the exposure

¢ |s the case definition

* Are groups matched on ¢ Were the outcomes assessed

* Is the exposed cohort

ascertained?

important confounders?

OR

adequate?

in a reliable manner?

important confounders?

representative of the

in the same way for both

cases and controls?
those who did not respond

* Was exposure ascertained
provided?

* Is a full description of

included in the statistical

* Are important confounders
analysis?

the controls have no history

representative of the
of the exposure?!

exposed population?
* How were the controls

selected?
¢ |s there clear evidence that

¢ Are the cases

so, are the numbers of those who left
the study low, and/or are the subjects
who left the study well described?

in both groups adequate
* Was there attrition in the study, and if

* Was the duration of follow-up

~
2
o X
g =
o
:C
=
2=
g £ 8
S w B
g sz
0 U ®
D.C:;"
£ 3
£ 0 0
= Cc
[O R =]
t:n:hoC
O < o k£
.
2
£ T v ¥
o * 9 s &
0 9 3~ 5 &
« PR 2 9 >
~ 0 2 « L& ¢ e 2 9T
o <« O 35 o £ 2
q,x'U-S_Cm « &
o c c O £ % 2
9 c © 9 U g o o ®
c 2 g 2o X% N 2
£ P < g o ~ £ E
TLEE82 388
= ~
c 59 EgSYHR S
S 8g& 2w gce 0y
&8 2 pr 80335 2ooO
= od)_:: twu:u
Q_B_Cg'-'gcumu.,,.ﬂ
0§52 s09o0wgse
aTl calIaOs 2 E
. . .

46 submit your manuscript

Dove

Open Access Journal of Contraception 2015:6


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Hormonal contraception and antiretroviral therapy

exposure was ascertained.*® Demonstration that the outcome
of interest was not present at the start of the study was also an
item where many of the studies lost points. Only one study
demonstrated that the outcome of interest (pregnancy) was
not present at baseline.®® For the others, while pregnancy
was typically mentioned in the exclusion criteria, there was
no description provided for how pregnancy was identified
or ruled out.

Comparability: The average score for Comparability
was (.75 out of two possible points. Points were not awarded
primarily because the exposed and nonexposed participants
were neither matched on important confounders, nor were
statistical tests used that would allow for confounders to be
included in the models; only bivariate statistics were used by
a number of authors. Not controlling for confounders made
it impossible to assess the association between the predictor
(ART and hormonal contraceptive use) and outcome (preg-
nancy) variables. Of the studies that used more complex
statistical analyses and controlled for a number of confound-
ers,>¢162 none controlled for adherence to ART. Including
measures of contraceptive adherence is important when
studying combined oral contraceptives, the contraceptive
patch, the vaginal ring, and DMPA. For long-term contra-
ceptives such as implants or intrauterine devices, adherence
is less of an issue.

Outcome: The average score for Outcome was 1.25
out of three possible points. For the first item, assessment
of the outcome, four of the seven cohort studies identified
the outcome through laboratory results or documentation
in the medical record, both reliable methods, and were
thus positively scored.’*379%6! Among studies that were not
awarded points for this item, one relied on self-report of
outcomes by participants,*® and the other two did not docu-
ment how the outcomes of interest were determined.>*
Points were also lost because follow-up was inadequate or
incompletely described. Follow-up was not long enough
to determine outcomes,® or studies lacked information
regarding duration of follow-up in the exposed versus unex-
posed groups.®®37%¢2 For example, Perry et al”’ reported
that participants were followed through pregnancy, transfer
out of clinic, implant removal, or death. It is unlikely that
follow-up times were identical for both exposed and unex-
posed groups, and yet the time contributed to follow-up
by each group was not reported. Four of the seven studies
adequately reported on follow-up of the cohorts: none
of the participants were lost to follow-up in three of the
studies,® ! and only very few in one study,’® and these

studies received a point for this item. In the remaining
three studies, either no statement was provided regarding
those lost to follow-up®’ or the lost to follow-up rate was
greater than 5% and no description of these individuals
was provided.3¢-%2

Case—control studies

There was only one case—control study included in this
review.’® It garnered three of nine possible points on the
NOS: two for Selection, none for Comparability, and one
for Exposure.

Selection: A real strength of this study was the selection
process. Using the EHR, the authors identified all women
who were seen in a specific clinic over a 2-year period. All
of these women were HIV infected. All of those who were
pregnant and on hormonal contraception within the same
6-month period were then identified, and these subjects’
charts were reviewed to identify women who were likely to
have become pregnant while taking hormonal contraception.
Of the eleven women identified, ten were taking oral con-
traceptive pills when they became pregnant. Controls were
those women who attended the clinic in the same time period
and who took combined oral contraceptive pills but who
did not become pregnant. Thus, cases and controls came
from the same population, and there was no bias in how
they were selected. Pregnancy was identified in the medi-
cal record, although how it was identified (self-report, urine
pregnancy test, blood pregnancy test) was not described, nor
was there any assessment of the validity or reliability of this
approach to identifying pregnancy. Thus, the requirements
for case definition and the evidence of the exposure were
not fulfilled.

Comparability and exposure: Comparability was weak
as bivariate statistics alone were used, which did not allow
for control of important confounders. Ascertainment of the
exposure (hormonal contraception and ART) was identified
by the medical record, and the same method was used for
both cases and controls. Follow-up, however, was not well
described. For example, women included in the study could
have presented only once for care.

Additional critiques

In addition to the threats to validity assessed using the NOS,
our review identified other limitations to these studies. As
noted earlier, pregnancy is an uncommon outcome among
women using highly effective forms of birth control who
have also been told to use condoms. Thus, adequate sample
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size to assure power to detect meaningful differences in
outcomes, in addition to adequate duration of follow-up,
is key. For example, Heikinheimo et al®! explored the effects
of long-term use and safety of the LNG-IUS among 15 HIV-
infected women compared with 25 women who did not use
the LNG-IUS. These women were followed for 5 years. As
failure rates of LNG-IUS are less than 0.1% in the general
population, the fact that none of these participants became
pregnant during the study period may reflect the small sample
size rather than there truly being no evidence of reduced
contraceptive efficacy.

Many of the studies reviewed were also limited by
threats to external validity. Most of the studies had small
samples, and the study populations were recruited from a
single clinic or geographic area, thus limiting the ability
to translate results to HIV-infected women from different
clinics or geographic locations. In addition, some of the
studies used strict inclusion and exclusion criteria, limiting
generalizability.

Discussion

The goals of this manuscript were to review what is known
about clinically meaningful outcomes when HIV-infected
women use both hormonal contraceptives and ART, and
to recommend a framework for guidelines that would
help clinicians and HIV-infected women make appropriate
choices about the use of hormonal contraceptives when
co-administered with ART. We identified eight studies
that explored clinical outcomes (pregnancy or ovulation)
in HIV-infected women using both hormonal contraception
and ART. It is important to understand and evaluate these
studies because they indicate the growing interest in translat-
ing the concerns that have been raised by pharmacokinetic
studies into studies with clinically meaningful outcomes.
Unfortunately, given the limited number and quality of the
studies published to date, we do not have sufficient evidence
on which to base clinical guidelines that will help clinicians
and HIV-infected women make informed decisions about
contraceptive options.

Of'the studies that met our search criteria, four explored the
use of long-acting reversible contraception (LARC), specifi-
cally Jadelle (levonogestrel implant), Implanon (etonogestrel
implant), and the LNG-IUS, among HIV-infected women.
The emphasis on LARC is interesting given that, with the
exception of DMPA, these are not the most commonly used
contraceptives among HIV-infected women; combined
oral contraceptive pills and DMPA are far more common.’

Three studies explored clinical outcomes in women using
oral contraceptive pills, and one included women using
DMPA. This lack of attention to DMPA use may be because
pharmacokinetic studies have not demonstrated an interac-
tion between DMPA and ART, and thus, researchers may
feel that clinically focused trials are unnecessary. It is also
possible that more recent concerns about an increased risk of
transmission of HIV among women using DMPA,* as well
as concern regarding more rapid HIV disease progression
among women using DMPA, have made researchers more
hesitant to study DMPA until these concerns have been fully
addressed.® That LARC methods were more researched than
combined oral contraceptives may be related to the problem
of assessing adherence. However, in studying concerns of
medication efficacy, an understanding of adherence to both
contraceptives and ART is important.

Implications for clinical practice

Most of the existing guidelines for the management of con-
traception in HIV-infected women who use ART state that
all contraceptive methods are or should be available to HIV-
infected women.*%66 The research reviewed herein does not
provide evidence to either support or refute these guidelines.
However, that being said, clinicians can provide counsel-
ing that clearly presents the potential risks and benefits of
the different contraceptive methods, including the risk of
unintended pregnancy, and particularly if a woman has not
been pregnant before, the signs of pregnancy so that she can
seek care in a timely fashion. Clinicians should also discuss
appropriate follow-up if pregnancy is suspected, particularly
for women taking efavirenz, as an association between efa-
virenz and birth defects in nonhuman populations has been
identified.%” Clinicians can reinforce the importance of con-
dom use, even though most clinicians and women recognize
that this may be out of the woman’s control and may also be
something that neither she nor her partner desire. In addition,
clinicians can reinforce the importance of ART adherence,
primarily for the woman’s health, but also as an additional
way to decrease the risk of transmission to her partner and
to her baby, should she become pregnant.

Future research

Researchers have suggested that randomized controlled
trials be designed to evaluate contraceptive efficacy when
hormonal contraception is co-administered with ART. We
would suggest that randomized controlled trials may not
be the most useful approach. Individuals who enroll in
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clinical trials are often not representative of most patients
in clinical care. Thus, there are often important differences
between what is found in clinical trials and what providers
and patients experience in clinical practice. Furthermore,
the cost of a randomized clinical trial that would be large
enough and of sufficient duration to fully evaluate outcomes
(pregnancy) would be prohibitively expensive.

We suggest that large collaborations that include a num-
ber of observational cohorts might be better suited for this
research. There are a number of cohorts in North America,
Europe, and Africa, all of which should be encouraged to
collect data on contraception and adherence to both ART
and contraception. When designing large cohort studies,
researchers should collect information on the efficacy of
ART (HIV-RNA, time to viral suppression, recovery of CD4
count), and on contraceptive- and ART-related side effects,
as well as on contraceptive efficacy. Most of the pharmacoki-
netic studies did not identify serious adverse events when
hormonal contraceptives and ART were co-administered, but
it is possible that the negative results reflect small sample
sizes, brief follow-up, and the infrequency of the outcomes
rather than the absence of adverse events. Studies involving
combined oral contraceptives should also include information
about the hormones used as results from pharmacokinetic
studies suggest that interactions with ART may differ by
progestin,?®? and about adherence, a key confounder when
studying possible drug interactions.

In addition, any future studies should avoid the poten-
tial sources of bias identified in the studies described. For
example, reliable methods for ascertaining exposure and
outcomes should be used. EHR-based cohorts are ideal for
these analyses. Pharmacy fill/refill data can identify those tak-
ing contraceptives and ART (exposure), and laboratory data
can identify pregnancy (outcome). In addition, if patients are
prescribed these medications in other health care settings, or
if they report the result of a home pregnancy test to their pro-
vider, information retrieval can identify these exposures and
outcomes through provider documentation in clinical progress
notes.®® Important confounders for these analyses should also
be identified and used either for matching or as covariates in
the statistical analyses. Finally, follow-up should be similar
between the exposed and unexposed groups, or duration of
follow-up should be included as a variable in the analyses.

These larger studies should also be designed with pregnancy
as the outcome of interest. Ovulation is not an appropriate
outcome because hormonal contraception likely works through
multiple modes of action, not just suppression of ovulation.

Limitations
This study has a number of limitations. We did not include
abstracts from conferences because we felt that the best
abstracts would be published as manuscripts and would
include more detailed and useful information than is pos-
sible in an abstract. It is possible that manuscripts based on
abstracts from more recent conferences have not yet been
published. In addition, we did not include specific drug
names in our search criteria. Brand names differ from one
country to the next, and the generic name is not consistently
used. We wanted to access results from all countries where
this research might be conducted and did not want to limit
ourselves to only those countries using the terminology
that we included in the search criteria. We believe that we
significantly strengthened our search algorithm, however, by
hand-searching all of the references for the articles initially
identified by the search algorithm. It is still possible, however,
that we could have excluded some articles inadvertently.
The NOS is a set of validated criteria for evaluating obser-
vational cohorts. There is, however, no validated threshold
score that distinguishes between “good”- and “poor”’-quality
studies. We therefore made the decision that studies that were
awarded less than two-thirds the number of possible points
would be considered lower quality studies. This assumption,
however, has not been validated.

Conclusion

The studies reviewed constitute an important first step in
moving from pharmacokinetic studies of the interactions
between hormonal contraception and ART, toward larger
studies focusing on clinically relevant outcomes. However,
these studies still do not provide women and clinicians with
the information that they need to select appropriate contra-
ceptives when considering women’s ART regimens, and to
manage these contraceptives over the course of HI V-infected
women’s reproductive years. Researchers must continue to
pursue this topic to improve the health and well-being of
HIV-infected women and to decrease rates of unintended
pregnancy and maternal—child transmission of HI'V.
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