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ABSTRACT Access to effective affordable contraception is critical for individual and public health. A wide range of hormonal contraceptives

(HCs), which differ in composition, concentration of the progestin component, frequency of dosage, and method of administration, is

currently available globally. However, the options are rather limited in settings with restricted economic resources that frequently overlap

with areas of high HIV-1 prevalence. The predominant contraceptive used in sub-Saharan Africa is the progestin-only three-monthly

injectable depot medroxyprogesterone acetate. Determination of whether HCs affect HIV-1 acquisition has been hampered by behavioral

differences potentially confounding clinical observational data. Meta-analysis of these studies shows a significant association between depot

medroxyprogesterone acetate use and increased risk of HIV-1 acquisition, raising important concerns. No association was found for

combined oral contraceptives containing levonorgestrel, nor for the two-monthly injectable contraceptive norethisterone enanthate,

although data for norethisterone enanthate are limited. Susceptibility to HIV-1 and other sexually transmitted infections may, however, be

dependent on the type of progestin present in the formulation. Several underlying biological mechanisms that may mediate the effect of

HCs on HIV-1 and other sexually transmitted infection acquisition have been identified in clinical, animal, and ex vivo studies. A substantial

gap exists in the translation of basic research into clinical practice and public health policy. To bridge this gap, we review the current

knowledge of underlying mechanisms and biological effects of commonly used progestins. The review sheds light on issues critical for an

informed choice of progestins for the identification of safe, effective, acceptable, and affordable contraceptive methods. (Endocrine Reviews

39: 36 – 78, 2018)

R ecent epidemiological evidence suggests that
the intramuscularly injected progestin-only

contraceptive depot medroxyprogesterone acetate
(DMPA-IM) increases HIV- acquisition by .-fold,
unlike some other forms of hormonal contraception
(HC). However, whether the results are affected by
potential confounding factors remains unresolved.
DMPA-IM is the major form of HC used in sub-
Saharan Africa, which also has the highest worldwide
HIV- prevalence, particularly in young women.
Critical evaluations of combined clinical data together
with animal and ex vivo data and the role of steroid
receptors and progestin concentrations are required
to understand the potential underlying biological
mechanisms involved in the effects of HC on HIV-
acquisition.

Access to safe contraception is a critical public
health issue. Contraception provides direct benefits to
women by providing control over their reproductive
health and reducing the number of unintended
pregnancies, as well as indirect benefits such as re-
ducing the number of abortions, decreasing maternal
and infant morbidity and mortality, and lowering the
risk of vertical HIV- transmission. Inadequate ac-
cess to effective contraceptive methods has severe
consequences for both the individual and society.
Depending on the region, up to % of unintended
pregnancies in Africa end in abortion and the vast
majority of abortions are unsafe (, ). Despite the
indisputable overall benefit of contraception for public
health, there is a growing concern that some forms of
HC may increase HIV- and sexually transmitted
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infection (STI) acquisition in women. This is of
particular concern in sub-Saharan Africa where
women have limited choices for the types of contra-
ceptive and are at high risk of HIV- acquisition.
DMPA-IM is the most commonly used contraceptive
in sub-Saharan Africa (). The most recent systematic
review of epidemiological studies suggests that new
data increase the concern about a potential causal
association between DMPA-IM usage and HIV-
acquisition in women, whereas data investigating an
association with several other forms of HC examined
are limited or absent ().

The biological mechanisms whereby HCs may
modulate susceptibility to HIV- and other STIs in
women are likely to be multifactorial and may include
direct and/or indirect effects on several of the fol-
lowing mechanisms: () modulation of the structural
integrity of the female genital tract (FGT); () mod-
ulation of the permeability and barrier defense
properties of the epithelial layer in the FGT; ()
modulation of levels of soluble mediators and defense
molecules secreted by the FGT (e.g., cytokines, che-
mokines, antibodies, mucus, and antimicrobial and
antiviral factors); () effects on the activity and fre-
quency and HIV- coreceptor expression levels of

circulation immune cells, FGT tissue-resident immune
cells, and cells transmigrating into the FGT lumen
[T cells, monocytes, neutrophils, and Langerhans cells
(LCs)]; () effects on early innate immune responses in
the FGT [plasmacytoid dendritic cells (pDCs), neu-
trophils, tissue macrophages, and natural killer cells];
() systemic effects on antigen presentation and in-
duction of adaptive immune responses (T cells and
B cells); () modulation of the replication of HIV- in
the FGT; and () modulation of the composition and
levels of vaginal microbiota and soluble factors pro-
duced by bacteria (, ). A review of available animal,
ex vivo, and biochemical data on these mechanisms
provides mechanistic insights into, and aids inter-
pretation of, the epidemiological data. In this review,
we discuss and summarize the evidence for the
mechanisms mediated by commonly used progestins.
In particular, we address the roles of progestin type
and concentration on steroid receptor–mediated bi-
ological responses, on structure and function of the
upper and lower reproductive tracts, on immune cells
and their functions, on the soluble defense mecha-
nisms in the FGT, on alterations in genital tract barrier
function, and on the composition of the vaginal
microbiota.

Clinical and Public Health Perspectives on
Contraception and HIV-1 Acquisition

Worldwide, the most prevalent forms of contraception
are intrauterine devices (IUDs) and female sterili-
zation, followed by combined oral contraceptives
(COCs), male condoms, rhythm and withdrawal, in-
jectables, and male sterilization (). In contrast to other
method mix patterns around the world, the most

common form of contraception for those with low and
middle incomes is injectables, followed by COCs. In
, . million women aged  to  who were
married or in a union were estimated to use injectables
worldwide (). The number of women using inject-
ables worldwide, including those not married or in
a union, is likely to be substantially greater. In sub-
Saharan Africa, ~% of women use some form of HC
or non-HC, but a large unmet need (%) remains ().

ESSENTIAL POINTS

· Medroxyprogesterone acetate (MPA) is an outlier amongst progestins, acting via the glucocorticoid receptor (GR) and
exhibiting relatively potent glucocorticoid-like effects similar to cortisol, unlike norethisterone (NET) and levonorgestrel
(LNG) and luteal phase progesterone

· MPA exerts potentially negative effects at concentrations found in serum of DMPA-IM users in animal and ex vivo
models

· Current clinical, animal and ex vivo evidence supports a role for MPA in increasing the permeability of the female genital
tract and promoting HIV-1 uptake

· There is strong evidence from clinical, mouse and ex vivo studies that MPA suppresses pDC and T cell function and
suppresses select regulators of cellular and humoral systemic immunity

· Accumulated clinical and experimental data support the role of MPA in increasing the frequency of HIV-1 viral targets in
the FGT and clinical and ex vivo evidence for increasing the levels of the CCR5 co-receptor for HIV-1 entry

· MPA exerts different effects compared to NET, LNG and luteal phase progesterone concentrations in some, but not all
studies, suggesting that some of the potentially negative effects of MPA on HIV-1 acquisition are due to its glucocorticoid-
like effects

· Together, the data provide a compelling case against the continuous use of DMPA-IM or DMPA-SQ in areas of high HIV-1
prevalence
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About % of all HC or non-HC users in sub-Saharan
Africa (~. million women) use injectables ().
Injectable usage is particularly high in some countries
such as South Africa where it accounted for nearly half
(%) of all contraceptive use in  (). The most
common form of injectable contraception is the three-
monthly intramuscular injection of  mg of DMPA
(Depo-Provera or DMPA-IM), whereas norethister-
one (NET) enanthate (NET-EN; also referred to as
NET oenanthate or Nur-Isterate) at a two-monthly
injection of  mg is used primarily in South Africa.
Depo-Provera is being rolled out in India () and is
increasingly being supplied in rural parts of sub-
Saharan Africa through community-based distribu-
tion. In , Pfizer announced the release of Sayana
Press, a three-monthly, injectable, lower DMPA dose
( mg), packaged in a single-use, subcutaneous,
auto-disable syringe (Uniject) (). Sayana Press, also
known as DMPA-SQ or subcutaneous injectable
contraceptive DMPA (DMPA-SC), is in the process
for piloting or introduction in Angola, Bangladesh,
Benin, Burkina Faso, Cameroon, Côte d’Ivoire, Dem-
ocratic Republic of the Congo, Kenya, Laos, Mada-
gascar, Malawi, Mozambique,Myanmar, Niger, Nigeria,
Senegal, Uganda, and Zambia (, ). The simpler
delivery mechanism facilitates the provision of this
method by community health workers and poten-
tially by self-injection, which could have important
implications for reaching underserved populations
with contraceptive services. Thus, it is possible that
DMPA usage may increase worldwide, especially in
economically developing countries.

Sub-Saharan Africa is also the region that bears the
greatest burden of HIV- infections and AIDS. In
, there were ~million people living with HIV in
eastern and southern Africa (). Globally there were
~.million new HIV infections in , with .% of
these occurring in sub-Saharan Africa (). Women
account for more than half of new infections ().
Although the global annual HIV incidence has
stayed relatively constant at ~. million per year
since ,  countries have experienced increases
in age-standardized rates of new HIV infections
between  and , including several in sub-
Saharan Africa, as well as in the Philippines,
Cambodia, Mexico, and Russia (). South Africa
has the greatest worldwide HIV- prevalence with
~ million HIV-–infected people in  (, ),
as well as the greatest number of new infections, with
an estimated , new HIV infections in 
(). An important global health success in the past
 years has been the scale-up of antiretroviral
therapy to prevent mother-to-child transmission, and
the expansion of antiretroviral therapy, resulting in
an increase in the number of people living with HIV
from  million in  to  million in  ().

Geographically, areas with the highest usage of
injectable contraceptives overlap with those with the

highest HIV- prevalence (). A recent meta-analysis
of epidemiological data, involving tens of thousands
of women, suggests that DMPA-IM usage may be
associated with a % (range, % to %, with %
confidence) increase in the risk of HIV- acquisition
(). This estimate is consistent with  meta-
analyses (, ), enhancing concerns about the po-
tential causal relationship between DMPA-IM use and
HIV- acquisition risk. The results suggest that an
increase in HIV- acquisition may depend on the
specific type of HC because data for NET-EN, COCs,
and levonorgestrel (LNG) implants collectively sug-
gest no significantly increased risk of HIV- acqui-
sition (), although data are somewhat limited for
NET-EN and very limited for implants. Insufficient
data are available to assess the effects of other forms
of contraception, including DMPA-SC, contraceptive
patches, rings, or hormonal IUDs, on HIV- acqui-
sition (). It has been argued that the observed as-
sociation with HIV- acquisition for DMPA-IM may
be confounded by differential condom usage between
women using DMPA vs women in the comparison
groups, although recent data suggest this is unlikely to
be the case (, , –).

In response to the accumulated epidemiological
evidence and rising concerns, the World Health
Organization has recently changed the medical eligi-
bility criteria for injectable contraceptives, including
DMPA-IM, DMPA-SC, and NET-EN, to category 
() (indicating that the benefits of the method
generally outweigh the theoretical or proven risks).
The new guidance specifically emphasizes that women
considering using these methods should be advised
about the potential relationship with HIV risk.
Furthermore, a multicenter, open-label, randomized
clinical trial comparing HIV incidence and contra-
ceptive benefits in women using DMPA-IM, an LNG
implant, and copper IUDs (Cu-IUDs), conducted by
the Evidence for Contraceptive Options and HIV
Outcomes consortium (), began in , with results
expected in . Obtaining more insight into the
effects of different progestins and the biological effects
of HC on HIV- acquisition represents a global public
health priority.

Contraceptives: Actions, Types, and
Serum Concentrations

Progestins are compounds with progestational activity,
in particular the capability to induce a secretory en-
dometrium to support gestation (). The progestin
component of contraceptives is designed to mimic the
actions of progesterone, the endogenous progestogenic
steroid hormone in all mammals. Progesterone plays
a central role in reproduction to regulate establish-
ment and maintenance of pregnancy, normal mam-
mary gland development, menstrual cycle, and sexual
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behavior. During the follicular phase of the menstrual
cycle, progesterone levels are relatively low whereas
estrogen levels peak. Levels of progesterone, secreted
by the corpus luteum, rise after ovulation to prepare
the endometrium for egg implantation, transform
estrogen-primed endometrium into secretory tissue,
prevent ovulation by abolishing peak gonadotropin
levels, inhibit follicular maturation, and thin the en-
dometrium. Higher progesterone levels also reduce
glycogen secretion and cause cervical mucus to be-
come thick and viscous to avoid sperm penetration,
fertilization, and implantation by multiple embryos.
Progestins mimic all of these actions of progesterone
to prevent pregnancy via these multiple mechanisms.
Estrogen, alternatively, induces gonadotropin release
and ovulation in addition to having many additional
beneficial effects on brain and cardiovascular function,
lipid profiles, and bone density (, ).

A wide range of HCs exists, including oral pills,
injectables, implants, rings, patches, and IUDs ().
These vary in the type and dose of a progestogenic
compound, as well as the method and frequency of
administration. Progestins are either combined with
estrogen in contraceptive formulations for better
menstrual cycle control or used alone as progestin-
only contraceptives. Progestins, all synthetic pro-
gestogenic steroids, used for HC in sub-Saharan Africa
are MPA (which is structurally related to pro-
gesterone) and NET-EN, etonogestrel (ETG), and
LNG (which are structurally related to testosterone)
(). Progestin-only injectable contraception is a
highly effective, reversible contraceptive method with
some negative transient effects on bone mineral
density and potentially on weight gain (, ).
DMPA-SC and DMPA-IM appear to be therapeuti-
cally equivalent regarding contraceptive efficacy, as
well as side effects on bone density and weight gain (,
). Long-term highly efficient and reversible methods
of contraception include ETG-releasing subdermal
implants (Implanon) and vaginal rings (NuvaRing),
and LNG-releasing implants (Jadelle, Sino-implant)
and IUDs (Mirena, Skyla, Liletta) (). In contrast to
progestins, the estrogenic component of contracep-
tives, if present, does not vary as much in dose and
composition, and usually contains low-dose ethinyl
estradiol (EE) to minimize venous thrombosis and
cardiovascular risk. Newer generation COCs contain
natural compounds such as estradiol (E) or estradiol
valerate to minimize metabolic effects and decrease the
thrombotic risk of formulations with EE (). Most
current COCs contain the progestins LNG, ETG,
nomegestrol acetate, or drospirenone (). Although
several clinical studies on COCs and HIV- acqui-
sition fail to mention the progestin or estrogenic
components, most COCs used by women in these
studies in the developing world contain LNG ().
Similarly, many studies do not discriminate between
DMPA-IM and NET-EN and refer to them collectively

as injectables. Of greater concern is that many research
articles use the term “progesterone” to refer to pro-
gestins such as MPA. The concept that progestins have
different properties compared with progesterone and
each other and therefore cannot be considered as
a single class of compounds is gaining recognition
among different disciplines (, , ). Analytical
recommendations for studies assessing the relation-
ship between HC methods and the risk of HIV ac-
quisition suggest disaggregation by specific method
type and hormonal content ().

A critical issue regarding the effects of HC on HIV-
 acquisition is the question of doses and concen-
trations, in particular for MPA. It is well known that
high doses of ~ mg per day of MPA used to treat
patients who have cancer are strongly immunosup-
pressive, resulting in, among other effects, the in-
hibition of lymphocyte proliferation and activity (,
). Furthermore, MPA is widely used to facilitate
infection of sexually transmitted diseases in mouse and
monkey experimental models, including of simian
immunodeficiency virus (SIV) in monkeys (, ).
The mechanisms underlying this increased suscepti-
bility are discussed in more detail in subsequent
sections. The critical question is thus: if MPA is im-
munosuppressive at high doses in humans and in-
creases the risk of viral infections in animal models,
do these effects occur in humans at lower doses?
Therefore, serum concentration and the relationship
to biological responses that affect HIV- acquisition
and pathogenesis become critical issues for MPA.

Serum concentrations of progestins vary widely for
different types of contraception, both in terms of peak
levels shortly after administration, and as a function of
time before the next dose. The progestin concentration
at a particular time in the serum of contraceptive users
that is available to exert a physiological response on
cells and tissues depends on many factors, including
the type of progestin, dose, method of administration,
metabolism, and pharmacokinetics (, , , ).
Additionally, individual patient physiology, health
status, and body type affect metabolism and phar-
macokinetics. The relative affinity of the progestin for
serum proteins that carry the steroids in the blood, as
well as serum protein concentrations and the con-
centrations of competing endogenous steroids, will
codetermine the amount of pharmacologically active
“free” progestin (, , ). Progestin serum con-
centrations can also vary greatly between individuals
on the same contraceptive (–). These different
concentrations of free progestins are likely to play
a key role in the determination of differential side-
effects, including on HIV- acquisition.

Serum concentrations of progestins commonly used
in HC are compared in Table  (, , –). Peak
serum concentrations (Cmax) after injection are rela-
tively high for the injectable contraceptives (DMPA-
IM and NET-EN), as well as for LNG-containing

“Different concentrations of
free progestins are likely to
play a key role…including on
HIV-1 acquisition.”
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COCs. Values vary widely between reports. For DMPA-
IM, peak serum levels are reached within the first
 days, with reported levels ranging from  to  nM
(. to . ng/mL), with an average of ~ nM ( ng/
mL) (–), after which the levels slowly decline to
reach a plateau of ~. nM ( ng/mL), which is
maintained for about  months (). About half of
these studies, which span ~ years, report average
Cmax values between  and  nM (. to . ng/mL)
(, , , , , ) whereas the other half report
average Cmax values in the range  to  nM ( to
 ng/mL) (, , , , , , ). There is no trend
showing that only older studies ( to  years old)
report higher Cmax values or only more recent studies
(up to  years old) report lower Cmax values. It is not
possible to deduce from these data (, –) whether
differences in Cmax values reported for DMPA-IM
between studies are due to differences in detection
methodology, number of injections, time of measure-
ment after injection, or intrinsic factors of the study
group such as interindividual differences in meta-
bolism, lactation, body weight, size, or ethnicity. Fur-
thermore, within one study, serum concentrations at
both peak and plateau can vary between individuals by
as much as -fold or -fold (, ). Given the wide
range of reported peak serum levels for DMPA-IM, and
the fact that peak serum levels for DMPA-IM and
DMPA-SC have not been compared in parallel in the

same study, it is difficult to assess how they vary for the
two methods. Peak serum levels for DMPA-SC have
been reported in the range . to . nM (, ), which
appears to be lower than for DMPA-IM, but plateau
concentrations (C, see Table ) and contraceptive
efficacy appear to be similar (, ). MPA used
therapeutically to treat breast and endometrial cancers
by ingestion or intramuscular injection of ~ mg
daily results in serum concentrations of  to  nM
for oral administration () or  to  nM by in-
tramuscular injection (), resulting in endocrine dis-
ruption and immunosuppression (, , ). Lower
oral doses of MPA result in serum concentrations of
~ to  nM for mg () and ~ to  nM for
 mg ().

Regarding the immunosuppressive effects of MPA,
the question is raised as to what the cut-off concen-
tration is, below which general or selected and cell-
specific immunosuppression no longer occurs, and
whether this is the same for different individuals and
different immunosuppressive responses. Regarding
other progestins, LNG is widely used in intravaginal
devices, implants, and COCs and in multipurpose
prevention technologies in development (), with
serum concentrations ranging from . (. ng/mL) to
 nM (. ng/mL). ETG, also known as -ketode-
sogestrel, is a metabolite of desogestrel and is also
administered in intravaginal devices, implants, and

Table 1. Systemic Concentrations of Progestins

Cmax (nM) Cmax (ng/mL) C30 d (nM) C30 d (ng/mL) C1 y (nM) C1 y (ng/mL) Reference

DMPA-IM, Depo-Proveraa 21 (3–100) 8 (1.15–38.5) 2.6 1 — — (46–61)

DMPA-SC, Sayana Pressb 3.3 (1.6–4.4) 1.3 (0.6–1.7) 2.1 0.8 — — (61–64)

LNG-IUDc 0.3–2.4 0.1–0.78 — — 0.4–0.9 0.13–0.29 (41, 65)

LNG implantd 1–11 0.32–3.57 (66)

LNG COCe 28 9.1 — — — — (67)

NET/NET acetate f 10–50 4.1–20.6 0.6–10 0.24–4.1 — — (52, 68–70)

ETG/3-ketodesogestrel IUDg 3–4.6 0.9–1.4 — — — — (42)

ETG/3-ketodesogestrel implanth 2.5–2.8 0.78–0.87 — — 0.8–1.2 0.25– 0.37 (71, 72)

ETG/3-ketodesogestrel COCi 5.5–7.5 1.7–2.3 — — — — (73)

The table summarizes approximate systemic (plasma) concentrations of progestins. High variability exists between individual users and between studies (see “Contraceptives: Actions,
Types, and Serum Concentrations). Inconsistency between studies may reflect differences in experimental techniques and methods of determination of progestin concentration. Cmax

indicates the maximum concentration (typically reached within the first 20 days after administration). C30 d and C1 y indicate data obtained at ~30 days and ~1 year after
administration (time points differ between studies). Cmax concentrations of plasma MPA after DMPA-IM and DMPA-SC administration have not been compared in a head-to-head
study, but they have been at 6 months to 2 years, where levels were measured just before the next injection (61).
aIntramuscular injection of 150 mg of MPA every 3 months.
bSubcutaneous injection of 104 mg of MPA every 3 months.
cMirena IUD, 52 mg of LNG; levels decrease to ~0.4 to 0.9 nM at 1 year.
dLNG implants: Norplant, 36 mg, 5 years; Jadelle, 75 mg, 3 years.
eLNG COC, typically 50 to 150 mg of LNG per pill in combination with ethinylestradiol.
fIntramuscular injection of 200 mg of NET-EN every 2 months.
gNuvaRing (intravaginal ring), 11.7 mg of ETG.
hImplanon, 68 mg of ETG; Nexplanon, 68 mg of ETG.
iETG COC, typically 150 mg of ETG per pill.
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COCs, with serum concentrations ranging from .
nM (. ng/mL) to . nM (. ng/mL) (, ).
These ranges for LNG and ETG depend on the type of
HC and time after administration.

It is interesting to compare the different serum
concentrations of progestins to those of endoge-
nous progesterone. The concentration of endogenous
progesterone in the serum of premenopausal women
is low during the follicular phase (. to . nM) ()
but rises to ~ to  nM during the luteal phase, and
to ~ nM during pregnancy (, –). However, it
is difficult to predict how responses would differ for
equivalent serum concentrations of progesterone as
compared with progestins because multiple factors
such as binding to serum proteins, pharmacokinetics,
affinities, potencies, and efficacies via steroid receptors
will affect the responses, as discussed in subsequent
sections.

Intracellular Mechanisms of Action
of Progestins

Central to understanding the effects of a particular
progestin on the acquisition of HIV- and other STIs
in vivo is an appreciation of what the steroid does
inside different cell types in target tissues. Note that no
information is available about tissue concentrations of
progestins, which may be different from serum con-
centrations. Once the progestin reaches the cells at
a particular concentration, it is predominantly the
intracellular actions of the progestin, the concentration
of steroid receptors, the concentration of competing
steroids, the concentration of other signaling mole-
cules, and the cell type that determines the biological
response inside the cell (, , ).

Progestins are designed to act similar to pro-
gesterone and to have similar progestogenic actions.
Progestins and progesterone are steroids that act
predominantly via changing gene expression after
binding to and activating intracellular steroid re-
ceptors [Fig. (a) and (b)]. These receptors generally
have minimal activity in the absence of the steroid,
although some ligand-independent effects do occur
(, ). Progestins have a high affinity for and are
designed to act via the progesterone receptor (PR). The
PR regulates gene expression via mechanisms com-
mon to all the steroid receptors. Other steroid re-
ceptors include the glucocorticoid (GC), androgen,
mineralocorticoid, and estrogen receptors (GR, AR,
MR, and ER, respectively). Steroid receptors can either
stimulate or repress gene expression by increasing
(transactivation) or decreasing (transrepression) the
rate of transcription initiation [Fig. (b)]. The best
described mechanism of transactivation occurs via
direct binding of the activated steroid receptor to
specific DNA sequences in the regulatory regions of
target genes, whereas the best described mechanism of

transrepression occurs via tethering of the steroid
receptor to other transcription factors bound to those
regulatory regions to change the rate of transcription
initiation [Fig. (b)]. However, note that several other
mechanisms have been described, including upregu-
lation by tethering (, ). Mechanisms of trans-
repression have been more extensively studied for the
GR than for the PR. This is largely due to the
pharmacological relevance of GCs in the treatment of
most inflammatory diseases. The immunosuppressive
activity of GCs is largely due to their ability to repress
transcription of genes that are activated by the
proinflammatory transcription factors activator pro-
tein  and nuclear factor kB (NF-kB), by the tethering
mechanism, as illustrated in Fig. (b). Regulation of
transcription by steroid receptors is a complex process
involving multiple proteins, including RNA poly-
merase and associated factors, cofactors, and chro-
matin modifying proteins, to form multiprotein
complexes on the target genes. Some of these proteins
can change the chromatin structure and reprogram the
cell to express a particular repertoire of genes. Steroids
are master regulators of total gene expression in cells
because each cell has hundreds or even thousands of
target genes for a particular steroid receptor. Notably,
steroid responses are cell and gene specific and are also
dependent on crosstalk with other signaling pathways
().

Surprisingly, we do not know the precise target
genes responsible for the progestogenic actions of
progesterone. However, what is known from micro-
array and RNA sequencing and chromatin immu-
noprecipitation sequencing analysis of all the genes
affected by progestins in a single cell type is that
progestins regulate hundreds of genes involved in
multiple cellular functions in target cells (–).
Furthermore, gene expression profiles in response to
progestins vary for different cells, can be modulated by
the presence of other hormones and transcription
factors, and vary between progesterone and other
progestins (, –). Given that progestins have
progestogenic actions via the PR similar to pro-
gesterone, why might they exhibit different biological
effects compared with progesterone, and to each
other? Key to understanding this is an appreciation of
the differential effects of progestins via other members
of the steroid receptor family of proteins. Because the
PR, AR, GR, and MR are structurally related in the
steroid-binding site, several progestins bind to vary-
ing degrees to other members of the steroid recep-
tor family of proteins besides the PR. These relative
binding affinities of some progestins are summarized
in Table  (, , , , , –) and illustrated
in Fig. (a). The extent of this crosstalk varies because
the different progestins have different relative binding
affinities for the GR, MR, and AR. Although progestins
do not appear to bind to the ER, NET has been shown
to be aromatized in women to the potent estrogen EE
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Figure 1. Schematic diagram illustrating steroid receptor selectivity of progestins and intracellular mechanism of regulation of
transcription by steroid receptors. (a) Binding and transcriptional activity. Solid black lines indicate high-affinity binding similar to or
greater than that of the endogenous cognate agonist ligands. These are progesterone (Prog) for the PR, cortisol (Cort) for the GR,
dihydrotestosterone (DHT) for the AR, and aldosterone (Ald) for the MR. Stippled black line indicates lower affinity (~10-fold lower),
whereas dotted black lines indicate very low relative affinity (at least 100-fold lower) compared with the endogenous agonist ligands.
Plus signs (1) indicate agonist or partial agonist activity, where four plus signs (1111) indicate full agonist activity similar to
endogenous agonist ligands and fewer plus signs indicate relative partial agonist activity. Minus signs (2) indicate antagonist activity
toward the endogenous agonist, where four minus signs (2222) indicate full antagonist activity and fewer minus signs indicate
relative partial antagonist activity. Data sources include references listed in Tables 1 and 2 and references discussed in the text. Note that
there is considerable uncertainly and/or inconsistency in some of the data as discussed in the text, especially for affinities and
transcriptional activities of LNG and ETG for GR, AR, and MR. Additionally, steroid receptor activity can be gene and cell specific, and
many of the activities in animal preclinical models may not represent activities in human tissues. (b) Mechanisms of transcriptional
regulation by MPA acting via the GR. Other progestin agonists and partial agonists can both transactivate and transrepress genes via
their cognate receptors using similar mechanisms. Green arrows indicate increase in transcription of target genes (transactivation by
direct binding of receptor to DNA) whereas red stop lines indicate inhibition (transrepression by tethering of receptor to other
transcription factors), both taking place in the nucleus. Chromatin effects are not indicated. Antagonist activity is not depicted but
involves recruitment of corepressors instead of coactivators by DNA-bound receptors, due to the conformation induced by the
antagonist bound to the receptor. Additional mechanisms of gene regulation may be involved. Ald, aldosterone; Cort, cortisol; DHT,
dihydrotestosterone; Prog, progesterone. With data from Stanczyk et al. (24) and Africander et al. (25).
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(, –), which binds to the ER. All progestins
exhibit some binding for the AR. MPA has a relatively
high affinity for binding to the GR, whereas pro-
gesterone and ETG bind to the GR with much lower
affinity. LNG and NET exhibit almost no GR binding.
Progesterone has a relatively high affinity for the MR,
whereas the affinity of LNG is uncertain and MPA,
ETG, and NET exhibit very low affinity for MR
binding. All the progestins have a high affinity for the
PR, which is higher than that of progesterone. Thus, in
terms of binding to different steroid receptors, MPA is
clearly an outlier among this group of progestins, with
a relatively high affinity for the GR, unlike pro-
gesterone and NET (equilibrium dissociation con-
stants for inhibition, or Ki values, of ., , and
 nM, respectively) (), whereas data for ETG and
LNG are not widely available. The implications of this
Ki or Kd value for MPA are that .%, .%, and
.% of GR will be occupied at , , and  nMMPA,
respectively [Ki and Kd are equivalent. Ki is often used
instead of Kd when the constant is determined using
competitive binding assays. The equilibrium dissoci-
ation constant, or Kd, is approximately the concen-
tration of steroid at which % of receptors are
occupied and is useful in determination of fractional
occupancy, or the percentage of receptor bound by
steroid. Fractional occupancy (Y) depends on Kd and
steroid concentration according to the equation Y 5
[L]/(Kd 1 [L]), where [L] indicates ligand or steroid
concentration. Note that as receptor concentration
increases a greater response will occur for the same
fractional occupancy, because the number or receptors
occupied will determine the extent of the response (see
Fig. c)]. The presence of different isoforms of steroid
receptors, such as PR-A and PR-B, has the potential to
discriminate further between biological effects of
different progestins (), although not much in-
formation is available regarding progestins.

Thus, MPA has the capability of exerting different
biological effects compared with progesterone, LNG,
and NET, in particular via the GR (Fig. ). However,
affinity is not proportional to biological activity. The
affinity will determine what percentage of a receptor is
occupied by a steroid, but the response depends on
the conformation of the receptor that is induced by
the steroid to enable it to interact more or less effi-
ciently with other proteins involved in the intracellular
pathway and on the target genes, as well as the receptor
concentration. To investigate the type of response and
the relationship between concentration and response
elicited by a progestin in a cell, dose–response analysis
is required.

Biocharacter and Dose Response to Progestins

Relevance to biological effects
A biological dose–response analysis reveals how
a biological effect changes as the dose of a progestin
changes (). Some dose–response studies have used
cells that express more than one receptor, confounding
the results, or direct head-to-head comparisons be-
tween effects of progestins have not been made by
performing experiments in the same model cell system
in parallel (, , ). Other researchers have cir-
cumvented this problem using models expressing only
a single receptor, or by use of steroid-specific antag-
onist or receptor knockdown, to show that a response
is via a particular receptor, although these types of data
have been published for only a few selected progestins
(, , –). These data can give the most reliable
measure of affinity, potency, efficacy, and biocharacter
for a progestin via a specific steroid receptor or for
a measured response. If a dose response is mediated by
a steroid receptor, the curve will typically be sigmoidal-
shaped when plotting a response to a steroid on the

Table 2. Relative Binding Affinities for Steroid Receptors and Biological Activities of Progestogen

Progestogen

PR AR GR MR ER

RBA %
Progesto-
genic RBA %

Andro-
genic

Antiandro-
genic RBA %

Gluco-
corticoid RBA %

Antimineralo-
corticoid RBA % Estrogenic

Antiestro-
genic

Progesterone 100 + 80 6 (+) 5 6 6 + — 2 +

MPA 65–98 ++ 151 6 2 74 + 0.13 6 — 2 +

LNG 23–96 ++ 58 + 2 1–7.5 2 17–75 6 — 2 +

NET/NET acetate 27–34 ++ 134 + 2 0.8 2 0.15 6 — + +

ETG/3-ketodesogestrel 150 ++ 20 (+) 2 14 6 ,0.1 2 — 2 +

Relative binding affinities are expressed as a percentage relative to 100% for reference steroids, which were as follows: PR, progesterone; AR, dihydrotestosterone; GR, dexamethasone;
MR, aldosterone, as discussed in (88). Relative binding affinity and cell model biological activity data for GR, MR, and AR for progesterone, MPA, and NET acetate are from (100–104).
All other relative binding affinities and all other progestin biological activities in preclinical models were taken from references (32, 38). Biological activities determined in animals
(mostly rats and rabbits) used a range of assays as reviewed in (88). Sources of data include references (24, 25).2, not effective; (+), weakly effective; +, effective; ++, strongly effective;6,
literature inconsistent.
Abbreviation: RBA, relative binding affinity.
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y-axis vs the log of the steroid on the x-axis (Fig. ).
This has been demonstrated for progestins regulating
gene expression in cell models expressing only a single
member of the steroid receptor family (–,
–). The shape of the curve and slope of the
steep part of this curve are determined by the laws of
mass action, usually resulting in a slope of unity (Hill
slope) when a single steroid molecule binds to a single
receptor molecule (). The % effective concen-
tration (EC), or potency, is defined as the concen-
tration of the steroid required for half of the maximal
response. A change from % response to % re-
sponse spans a range of concentrations on the x-axis of
~-fold (e.g., say from . to  nMwhen the EC is
 nM), corresponding to the steep part of the curve
[indicated with orange brackets in Fig. (a)]. The
maximum possible response is referred to pharma-
cologically as the efficacy, which is set at % for an
agonist. The EC occurs at the steepest part of the
curve and is the concentration around which the
greatest change in response will be observed with

changes in the steroid concentration (Fig. ). Addi-
tionally, it is clear that if the dose of a steroid changes,
but falls within the concentration range of the bottom
or top plateau of the dose–response curve, no dif-
ference in response will be detected, unlike when the
dose change falls within the steep part of the curve. A
progestin is defined as relatively potent when a low
concentration is required to induce a response, usually
relative to a reference steroid agonist, such as the
synthetic agonist R for the PR or dexamethasone
for the GR. For example, dose–response analysis has
revealed that MPA has a potency ~-fold greater
than progesterone for regulation of transcription via
the NF-kB transcription factor, with efficacies of %
vs % for MPA vs progesterone, relative to dexa-
methasone via the GR, in a cell line model (). The
greatest change in response to MPA occurs with
changes in MPA concentration of ~ nM, that is, the
EC of MPA in this particular model system. In
contrast, NET shows no response at concentra-
tions , mM ().

Figure 2. Typical sigmoidal dose–response curves for progestins acting via steroid receptors. (a) Curves depicting a stimulatory
response (such as transactivation) for a full agonist (100% efficacy) and a partial agonist (60% efficacy). The potency, or the
concentration of steroid for half-maximal response (EC50 value), of 1 nM is indicated for the full agonist by a dotted orange line. (b)
Curves depict three separate stimulatory responses with potencies or EC50 values of 0.1, 1, or 10 nM (a, b, and c, respectively). An orange
arrow illustrates how the curves shift to the left as the EC50 decreases and potency increases, which occurs with increased progestin
steroid receptor concentration. (c) The curve shows a stimulatory response for an agonist with orange dotted lines to indicate how the
percentage point response changes as the concentration of progestin changes by 0.3-fold, for different parts of the curve. (a–c) The
slopes of the sigmoidal curves are set at 1, assuming one steroid ligand binding reversibly to one receptor, the absence of cooperative
effects on ligand binding, and no spare receptors.
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Whether a progestin is an agonist, a partial agonist,
or an antagonist, known as its “biocharacter,” is
a measure of the extent of the maximum response
possible relative to a reference agonist. This can also be
determined from dose–response curves, as illustrated
in Fig. (a) for agonist and partial agonist. All pro-
gestins are agonists for the PR. Progestins can also be
steroid receptor antagonists, that is, they can bind
to steroid receptors other than the PR but induce
a nonoptimal receptor conformation and hence result
in no change in a response on their own, but they can
block the effect of an agonist. Antagonist potency and
efficacy are determined by dose–response analysis
using a constant concentration of the agonist in the
presence of varying concentrations of antagonist, as
was used to show potent antagonist activity for pro-
gesterone acting via the MR (). Thus high-affinity
binding does not necessarily confer a high agonist or
partial agonist response. An antagonist such as RU
binds both the GR and PR with a relatively high af-
finity, but it is an antagonist for both receptors. Several
progestins can act as partial or full agonists for re-
ceptors other than the PR. For example, both MPA
and NET can act as agonists for the AR, with pro-
gesterone acting as a partial agonist (), whereas
MPA can act as a partial agonist or full agonist for the
GR, depending on cell and gene context. In contrast,
progesterone is a partial agonist for the GR with low
potency, whereas NET has no GR agonist activity in
cell line models (). Because steroids can either
increase or decrease responses such as gene expression,
dose–response curves can either be stimulatory (as for
transactivation), depicted in Fig. (a), or inhibitory (as
for transrepression). MPA has been shown to be
a relatively potent full agonist for transrepression and
a partial agonist for transactivation via the GR,
whereas progesterone is a relatively weak, partial ag-
onist for both via the GR (, , , ). Bio-
characters can also be cell specific and sometimes even
gene specific, such as for many synthetic selective
steroid modulators, similar to tamoxifen via the ER.
Importantly, the EC can vary depending on the
progestin receptor concentration inside the cell. Fig.
(b) shows how potency could increase from  nM
(curve c), to  nM (curve b), to . nM (curve a) just by
increasing the receptor concentration in the same cell
[Fig. (b), low receptor concentration for curve c and
high receptor concentration for curve a]. The effects of
changing receptor concentrations have been best
demonstrated for the GR, and they have also been
shown to switch the biocharacter of MPA from
a partial agonist to a full agonist via the GR (, ,
). EC also varies with the concentrations and
interactions of proteins and other molecules that
mediate the response downstream of steroid binding,
as well as the affinity of the progestin for its receptor.
Hence, progestin potency cannot be predicted and is
steroid, cell, and even gene specific.

Dose responses to progestins can be measured in
patients, animals, tissue, and cells in culture, and they
can include any response of interest such as inhibition
of ovulation, expression of specific genes and pro-
teins, apoptosis, and HIV- replication. However, very
few such analyses have been performed for different
progestins (). Nevertheless, additional clues re-
garding the steroid receptor activity of progestins have
been obtained from preclinical animal studies that
monitor typical but selected physiological effects as-
sociated with an endogenous steroid (, ). How-
ever, inconsistent terminology, such as using the term
potency when referring to efficacy, has complicated
interpretation of the contraception literature ().
Such preclinical data do not provide proof of direct
effects via a specific receptor, although they give useful
information of physiological relevance. For example,
“estrogenic” activity for a particular progestin obtained
in animal models does not prove a direct effect of the
progestin via that receptor (e.g., the ER) because effects
can be indirect. Estrogenic effects could be due to the
progestin acting via another receptor such as the PR to
regulate expression of other genes that then affect
estrogen synthesis or metabolism, or ER expression
levels, which can subsequently affect estrogen re-
sponses. Additionally, full dose–response curves are
seldom generated in preclinical studies, so the potency
and efficacy are not known in most cases. Data from
preclinical models are summarized in Table , whereas
dose–response data from cell line models are discussed
later. With the exception of estrogenic activity, the
binding, cell line dose–response, and preclinical ani-
mal model data are remarkably consistent. For ex-
ample, the preclinical animal data confirm the general
androgenic activity of MPA, LNG, and NET and the
GC activity of MPA but not NET and LNG, as well as
the anti-mineralocorticoid activity of progesterone but
not MPA or NET, without dose–response analysis to
define biocharacter more precisely.

Despite the limited data as later discussed and
shown in Tables  and , important insights have been
obtained from the evidence to date. Potency, efficacy,
and biocharacter are highly relevant to dosage, con-
centrations, and contraceptive efficacy of progestins, as
well as side effects such as effects on intracellular
actions that affect HIV- acquisition. Substantial data
show that MPA is a relatively potent partial to full
agonist via the GR, whereas progesterone is a very
weak partial GR agonist, and NET exhibits almost no
GR activity. The potency for progesterone is ~- to
-fold lower than MPA via the GR, and its efficacy is
~% to %, depending on the promoter (). Fewer
data are available for ETG and LNG, but preclinical
results to date suggest that ETG has weak GC activity
and LNG has almost no GR activity. In contrast, all of
the previous progestins have some androgenic activity.
Progesterone has potent anti-mineralocorticoid ac-
tivity, unlike MPA, ETG, and NET, whereas LNG has
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some anti-MR activity. Agonist activity of the different
progestins via the PR, however, appears to be similar,
although the progestins are usually more potent than
progesterone (, ). Thus, it can be seen that none
of the progestins acts exactly the same as progesterone
by the previous criteria, whereas MPA, in particular,
appears to be an outlier, with not only a relatively high
affinity for the GR but also substantial GC-like activity
at nanomolar concentrations. Such off-target differ-
ential actions of progestins via steroid receptors other
than the PR are relevant if any of these other receptors
could cause biological effects that would increase HIV-
 acquisition or pathogenesis, in response to the
progestins, at concentrations found in women.

Relevance of contraceptive doses to acquisition of
HIV-1 and other STIs
Dose–response curves have not been determined for
most progestins in clinical settings or in animals. Thus,
thresholds for contraceptive efficacy are mostly poorly
defined or undefined (). It is apparent that the
-mg dose of DMPA-IM is more than needed for
a maximal response for inhibition of ovulation be-
cause a dose reduced by %, as in DMPA-SC, still
inhibits ovulation (). Thus, both of these doses
would fall at % response of a dose–response curve
(Fig. ) if plotted for the inhibition of ovulation. It is
tempting to speculate that lowering the dose of
DMPA-IM by % to that of DMPA-SC, still adequate
for contraceptive efficacy, will similarly reduce possible
side-effects of higher doses (, ), but based on
dose–response considerations this is unlikely. Lowering
the dose by % is only likely to lower the theoretical
response by at most about %, which occurs when the
original dose is around the EC [Fig. (c)]. This is
consistent with published dose–response data for gene
expression where sufficient points have been used to
define the top and bottom and slope of the curve with
reasonable accuracy (–, –). It is possible
that the shape and slope of a dose–response curve may
be different for other biological responses and for in vivo
effects, where the maximal change in response with
changes in dose around the EC could be.% or,%.
However, additional data are required to investigate this
issue. Substantial ex vivo data exist for MPA on the
relationship between MPA concentrations and various
responses relevant to immune function and HIV and
STI acquisition, whereas limited data are available for
other progestins and progesterone, as discussed later.

MPA was shown decades ago to bind to the GR with
a higher affinity than cortisol, the endogenous GC in
humans (, ), and to have relatively potent GC
activity in repressing the proinflammatory interleukin
(IL)- gene with a potency of ~ nM (), with both
studies having been done in primary human lympho-
cytes. As early as , MPA was shown to repress the
proinflammatory IL- gene via the GR in a cell line
model at . nM, the plateau concentration of MPA in

DMPA-IM users (). Since then, more detailed
dose–response analyses in various cell line and primary
human cell models have revealed that MPA represses
many cytokine and chemokine genes or promoters
containing activator protein  or NF-kB transcription
factor binding sites via the tethering model (Fig. ), with
potencies (ECs) usually ranging from  to  nM, in
a gene- and cell-specific manner, acting as a partial to
full GR agonist via the GR (, , , , ) (see
previous “Relevance of biological effects” and Fig. ).
These ranges in potencies most likely reflect differences
in GR levels and promoter- and cell-specific factors, as
previously discussed in “Intracellular Mechanisms of
Action of Progestins” and “Biocharacter and Dose
Response to Progestins”. Of particular interest to ac-
quisition of HIV- and other STIs, MPA has been
shown to have a potency of ~ to  nM in changing
expression of several immune function genes in cervical
cell lines (, ), although for some cell line models
the potency appears to be much lower (). In primary
peripheral blood mononuclear cells (PBMCs), potencies
of ~ to  nM have been reported for changes in
expression of immune function genes (, , ,
, ), with significant effects being observed on
expression of some genes at  nM MPA (, ,
). In some studies, dose responses of other progestins
or progesterone have been compared with MPA, with
results showing no effect by equimolar NET (, ,
, ) and little to no effect by equimolar pro-
gesterone (, , , , , ) on expression of
selected genes. For example, no effect was observed
on the anti-inflammatory GC-induced leucine zipper
(GILZ) messenger RNA (mRNA) with  nM pro-
gesterone or NET, whereas MPA showed partial agonist
activity with an increased mRNA even at  nM in an
endocervical cell line (). In the same study, MPA
repressed proinflammatory IL-, IL-, and regulated
on activation, normal T cell expressed and secreted
(RANTES) mRNA at  to  nM, with NET showing
no repression even at  mM. Similarly, progesterone
showed no repression of IL- and IL- even at  mM,
but ~% repression at  nM of RANTES mRNA,
albeit less so than MPA (). Similar results were
obtained for MPA, NET, and progesterone on IL-,
IL-, and GILZ mRNA levels in PBMCs () for re-
pression of selected immunomodulatory genes by MPA
vs progesterone in BCG-induced PBMCs (), for
MPA vs progesterone on several other proinflammatory
cytokines such as interferon (IFN)-g and tumor ne-
crosis factor-alpha (TNF-a), in PBMCs and repression
of pDCs and T cell function (, ). Limited studies
on gene expression with LNG show that it has little
effect on expression of immune function genes at
equimolar concentrations compared with MPA (,
), whereas ETG has partial activity (), consistent
with its low potency and partial GR activity. Besides
investigating effects on gene expression, different re-
searchers have investigated effects of MPA on various
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functional properties of immune cells. Results in pri-
mary PBMCs show that MPA inhibits some immune
cell functions with potencies of ~. to  nM () and
others with potencies of ~ nM (). MPA, unlike
progesterone and NET, increases apoptosis in CD+

T cells with a potency of ~ nM (). Some limited
studies have been performed with progestins and HIV
in primary cells models, with MPA shown to increase
HIV- infection in nonactivated PBMCs with a potency
of ~. nM () and ~ nM for activated PBMCs,
unlike equimolar progesterone (). MPA has also
been shown to increase HIV- transcytosis on normal
epithelial cells with a potency of ~ nM, similar to
progesterone ().

Relationships between dose and biological mech-
anism, as well as effects on HIV and other infections,
have also been investigated in mouse and monkey
models, mainly for MPA. Some studies in animals
have been performed by attempting to use MPA doses
comparable to those in women on Depo-Provera (see
later “Animal Studies Addressing the Effects of Hor-
monal Concentration on the Acquisition of Genital
Pathogens”). Such studies in mice have shown that
MPA impairs mouse defense mechanisms and de-
velopment of virus-specific immunological memory at
~ nM, that is, around the upper limit of detected
Cmax serum levels in women on DMPA-IM (, ).
A more recent study in mice, with measured serum
levels of MPA of ~ to  nM, showed decreased genital
barrier function and increased susceptibility to herpes
simplex virus (HSV)- viral infection (). Very few
researchers have investigated dose–response analysis
of progestins in animals where they describe a full
dose–response curve. One such study in pigtail ma-
caques (DMPA at . mg/kg) measured the re-
lationship between vaginal epithelial thickness and
dose response and found that the potency for this
response was ~. nM, with an approximately
sigmoidal-shaped curve, consistent with receptor theory
(). Another monkey study using a low DMPA dose
designed to resemble human contraceptive use found
that simian HIV (SHIV) infections in DMPA-treated
pigtail macaques were .-fold higher than those of
controls (). However, the authors commented that
the study lacked sufficient power to determine whether
this effect is significant. MPA serum levels in these
monkeys varied from ~ ng/mL (about  nM) after
one injection to ~ ng/mL after four injections
(~ nM). More detailed discussion of the above effects
of HC on immune function, susceptibility to infec-
tionsm and their relevance to HIV- acquisition follows
in subsequent sections.

Taken together, it can be seen from the previous
that several studies in animals and ex vivo studies have
shown that MPA, unlike equimolar progesterone (,
, , , , ), can affect not only immune
function (, , , , , , , , ,
, ) but also several other biological effects

(, , ), including HIV- replication (, ),
at concentrations within the range of serum con-
centrations in DMPA-IM and DMPA-SC users
(average spanning ~ to  nM, and possibly higher
for DMPA-IM). The sensitivity of different responses
reported above varies in a gene- and cell-specific
manner (, , , , ), but most responses
have potencies (ECs) in the range  to  nM for
MPA, where investigated, with some potencies being
even lower (, , ).

The consequence of the previous is that DMPA
used in injectable contraception, when acting via the
GR, is likely to cause effects on immune function and
hence on susceptibility to HIV- and other STIs,
unlike NET, LNG, and luteal phase progesterone
concentrations. In target tissues and cells where the
GR is the most abundant receptor, very different re-
sponses will likely be obtained for MPA as compared
with NET and LNG and physiological concentrations
of progesterone (excluding pregnancy). Off-target
effects in these cells and tissues will most likely be
mediated via the GR. GR ligands, or GCs, play a crucial
role in most physiological functions, including in
maintaining homeostasis, metabolic, bone density,
central nervous system, hematopoietic, renal, re-
productive, and immune function (, , –).
GCs are potent regulators of most aspects of immune
function, with predominantly, but not exclusively (),
immunosuppressive effects. GCs regulate all aspects of
immune function and inflammation, including im-
mune cell trafficking and differentiation, proliferation,
cytokine and chemokine secretion, cytolytic activity,
effector function, and antibody production in immune
function cells (). GCs suppress cellular immunity
and the production of T helper (Th) cytokines, as well
as stimulate humoral immunity by enhancing the
secretion of Th-type anti-inflammatory cytokines (,
–, ). An appropriate immune response relies
on a delicate balance between appropriate activation of
the immune system and prevention of chronic im-
mune activation by feedback mechanisms. GCs, acting
via the GR, are also implicated in playing an important
role in HIV- pathogenesis and transcription of the
HIV- promoter or long terminal repeat (LTR) ().

Given the ubiquitous expression of the GR in almost
all cells in the body, in contrast to the AR, MR, and PR,
MPA could exert GC-like effects on most tissues and
cells. Additionally, because steroids are master regulators
of hundreds of genes involving multiple cellular pro-
cesses, taken together with the previous, it is likely that
progestins acting via the GRwill exert effects onmultiple
cellular and physiological processes, in multiple cell and
tissue types, at concentrations in the range of those
found in DMPA users, the extent of which will depend
on receptor and target cell MPA concentrations. Because
several progestins exhibit androgenic activity, albeit to
varying degrees, small differences in progestin actions via
the AR are likely to occur. Because most progestins do

“Differences in anti-MR activity
are likely to be substantial for
progestins relative to
progesterone.”
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not bind to the MR, unlike progesterone, which is an
MR antagonist, differences in anti-MR activity are likely
to be substantial for progestins relative to progesterone.
In subsequent sections, we discuss in more depth the
present evidence and mechanisms of biological effects of
MPA, NET, LNG, and ETG in animal and ex vivo
models, in the context of susceptibility to HIV- and
other STIs (Fig. ; Tables , , and ) (, , , ,
, , –, –, , –).

The FGT: Susceptibility toHIV-1 andOther STIs

Effects of endogenous ovarian hormones
The structure of the FGT and effects of estrogen and
progesterone on FGT physiology have previously been
comprehensively reviewed (–). We provide
a brief overview with a focus on the issues particularly
relevant to hormones, contraceptives, and suscepti-
bility to infections.

The uterine endometrium in women of repro-
ductive age is composed of the stratum functionalis
(functional layer), the upper two-thirds of which
undergo the cyclical changes of proliferation and
degeneration during the menstrual cycle. The stratum
basalis (basal layer) is not shed during menstruation
and serves as the source of stem cells required for
tissue rebuilding (). The endometrial tissue has
three main cellular components: the luminal epithe-
lium and the epithelial glands that invaginate from the
uterine lumen consisting of a single monolayer of
columnar epithelium, the stromal tissue made up of
fibroblasts, and, finally, the blood vessels that are lined
by the endothelial tissues (). All three structural
components are exquisitely regulated by the two main
female reproductive steroid hormones: estrogen and
progesterone. Prior to puberty, the endometrial tissue
is quiescent, lined by a thin epithelium and glands,
a dense stroma, and thin blood vessels. Following
menarche (initiation of the menstrual cycle), the

Figure 3. Established biological mechanisms of MPA potentially affecting acquisition of HIV-1 in the FGT. The figure depicts the
mechanisms of MPA action for which experimental evidence has been obtained (Tables 3–5). Multiple effects of MPA are consistent
with actions via steroid receptors that regulate multiple genes and biological functions. (1) Decreased levels of soluble protective
mediators on the mucosal surface, including antimicrobial and antiviral factors and antibodies. (2) Increased secretion of inflammatory
mediators that may recruit and activate HIV-1 target cells and immune function cells involved in defense. Decreased expression of some
mediators that activate immune function, causing immunosuppression. (3) Changes in the composition of vaginal microbiota and
production of soluble factors by bacteria. (4) Increased infection with other viruses such as HSV-2. (5) Increased frequency of HIV-1
target cells in vaginal lumen, including CCR5+CD4+ T cells. (6) Barrier integrity and epithelial protective function. Decreased expression
of proteins involved in barrier integrity, increased barrier permeability. (7) Transcytosis. Increased uptake and transcytosis of HIV-1 via
single-layered columnar epithelium of the endocervix and upper FGT. (8) Increased frequency of tissue-resident target cells and
elevated CCR5+ expression on CD4+ T cells. Increased frequency of macrophages and decreased frequency of regulatory T cells in
endometrium. (9) Innate immune response. Decreased early innate immune responses in FGT mediated by pDCs. (10) Adaptive
immune response. Decreased antigen presentation by professional antigen-presenting cells and decreased induction and maintenance
of T and B cell responses. (11) Increased proliferation of HIV-1 in target T cells.
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cyclical pattern of hormones establishes a monthly
cycle of endometrial tissue proliferation and differ-
entiation, followed by tissue destruction and re-
building, that is only interrupted by pregnancy. After
menopause, the endometrium undergoes a gradual
atrophy, ultimately resulting in a thin endometrium
with flat epithelium and cystic glands ().

The endometrium undergoes dramatic changes on
a cyclical basis during a woman’s reproductive years,
primarily in response to estrogen and progesterone
(). In a normal menstrual cycle, the endometrium
undergoes proliferation in response to increasing
levels of estrogen during the proliferative phase of the
cycle. During this time, the endometrial thickness
increases by.-fold due to extensive proliferation of
glands, stroma, and blood vessels. The active pro-
liferation of the endometrial epithelium results in the
glands growing and becoming tortuous (). After
ovulation, the secretion of progesterone leads to arrest
of glandular proliferation and change to complex

secretory activity. The most notable change during the
secretory phase is in the blood vessels, with the ar-
terioles undergoing proliferation and extensive coiling
to form the spiral arteries in preparation for potential
embryo implantation (, ). In the absence of
implantation, the corpus luteum wanes and there is
withdrawal of progesterone and estrogens, resulting in
stromal breakdown, disruption of blood vessels, and
shedding of the stratum functionalis.

The endometrial body in women, also known as the
fundus, narrows at the inferior end forming the cervical
canal, which projects a short distance into the vagina.
The part of the cervix superior to the vagina is called the
endocervix whereas the inferior part, facing the vagina,
is called the ectocervix (, ). The endometrium is
connected to the endocervix via the constricted internal
orifice called the internal os and the ectocervix is
connected to vagina via the external os. The cervix has
a unique morphology in that the two parts of the cervix,
the endocervix and the ectocervix, are lined by different

Table 3. Summary of Ex Vivo Data

Reported Effect Progestin Concentration Model Reference Note

↑ HIV-1 proliferation in PBMCs MPA .0.01 nM Human PBMCs (129)

↓ Cytokine production by PBMCs and
activated T cells

MPA .10 nM Human PBMCs (112, 122, 125, 126) NET and LNG did not exert
any effect.

ETG .1000 nM (126)

↓ Levels of CD40 and CD80 on DCs MPA .0.31 nM Human primary DCs (127) Consistent with animal
and clinical studies ➀.

↓ Induction of T cell proliferation by DCs LNG .62 nM (144)

↓ Production of IFN-a and TNF-a
by pDCs

MPA .10 nM Human PBMCs (126) Consistent with a clinical
study (145) ➀. NET and
LNG did not exert any
effect.

ETG .1000 nM (126)

↑ Surface levels of CCR5 and CXCR4
on T cells

MPA 1000 nM Human PBMCs (122) Direct effect of MPA may
contribute to increased
frequency of CCR5+ T
cells in DMPA-using
women ➁.

↑ Uptake and transcytosis of HIV-1 by
epithelial cells

MPA 1 nM Human primary genital
epithelial cells

(130) Consistent with a clinical
and an animal study ➂.

↑ IL-12 and ↓ IL-10 production by
epithelial cells

MPA .1.5 nM Human ectocervical
epithelial cell line

(109) Consistent with increased
inflammation observed
in some clinical studies ➃.

↑ IL-8 and RANTES 1 nM Primary epithelial cells (146) Consistent with some clinical
studies ➄.

↓ IL-6 MPA 1–25 nM Human endocervical
epithelial cell line
and primary cells

(115, 130) Consistent with decreased
inflammation observed
in some clinical studies ➅.
No effect with NET (115).

↓ IL-8

The numbered circles in the last columns of Tables 3, 4 and 5 indicate consistency in mechanisms between ex vivo, clinical and animal studies. Each number in a circle indicates
a particular effect consistent across the Tables.
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types of mucosal epithelia. Whereas the endocervix is
lined by a monolayer of columnar epithelium, a well-
differentiated squamous epithelium lines the ectocervix.
The columnar epithelium is tall, mucin secreting, and
invaginates into the underlying stroma to form “glan-
dular-like” structures. The squamous epithelium is
stratified into three layers: () the basal cells, () the
intermediate cells, and () the superficial cells. It un-
dergoes continuous renewal through the processes
of proliferation, differentiation, and maturation ().
Differences have been noted in the response of the three
layers of cells to female sex hormones. Estrogen pri-
marily induces proliferation and maturation of all three
layers and desquamation, whereas progesterone causes
thickening of the intermediate layer. ERs are expressed
at similar levels and in all three layers of cells throughout

the menstrual cycle (, ). PRs are expressed in
intermediate cells during the secretory phase and
pregnancy () and in endocervical columnar epi-
thelial cells during the proliferative phase (). When
the progesterone-to-estrogen ratio is high, such as
during pregnancy or the secretory phase of the men-
strual cycle, the intermediate layer predominates. When
the estrogen-to-progesterone ratio is higher, such as
during the proliferative phase, superficial cells are
predominant. In the absence of hormones, the squa-
mous epithelium stays undifferentiated ().

The area of the cervix where the columnar epi-
thelium transitions to stratified squamous is known as
the “squamo-columnar transition zone” (). In adult
reproductive-aged women, this squamo-columnar
junction is usually inside the cervical canal. Under

Table 4. Summary of Data from Clinical Studies

Reported Effect
Progestin/
Form of HC Reference Note

↑ Surface levels of CCR5 on peripheral
T cells

DMPA-IM (147) May reflect increased T cell activation or a direct effect of MPA on the levels of surface
CCR5 ➁.

LNG-IUD (147)

↑ Frequency of CCR5+ T cells in FGT
mucosa

DMPA-IM (148) May reflect infiltration of activated T cells or a direct effect of MPA on the
levels of surface CCR5, as shown for injectables (150) ➁.
LNG-IUD users exhibited decreased frequency of CCR5 T cells in the endometrium
and cervix (151). One study showed increased macrophages and decreased regulatory
T cells in endometrium (152).

COC (149)

DMPA-IM or
NET-EN

(150)

↓ Production of IFN-a and TNF-a by
circulating pDCs

DMPA-IM (153) Consistent with ex vivo and animal studies (126, 154) ➀.

ETG
(NuvaRing)

↓ Thickness of vaginal epithelium DMPA-IM (155) Significant epithelial thinning was not observed in most studies in humans
(148, 156–158).

↑ Genital mucosal permeability DMPA-IM (133) Consistent with an animal model study ➂.

↓ Genital expression of DSG1a Permeability effect consistent with ex vivo study (130). Consistent with a clinical
study ➂.

↓ Cervicovaginal levels of HBD2, SLPI, or
other antiviral factors

DMPA-IM (159–161) Some reports show no effect for SLPI (159, 160, 162–164) or HBD2 (163) for
DMPA-IM.

COC or LNG-
IUD

(165)

↑ Cervicovaginal levels of select
proinflammatory cytokines and
chemokines

DMPA-IM (159, 160,
162, 166)

Consistent with increased expression of IL-12 by epithelial cells ➃. Increased IL-8 and
RANTES consistent with ex vivo study for MPA (130) ➄. Some studies show
broadly proinflammatory effects (162, 163) for DMPA-IM.

NET-EN (162)

COC (160)

LNG-IUD (166)

↓ Cervicovaginal levels of select cytokines
and chemokines

DMPA-IM or
NET-EN

(167) Decreased IL-6 consistent with ex vivo studies for MPA (115, 130) ➅. Decreased
RANTES consistent with ex vivo study for MPA (115) ➅. Some studies show
a broadly immunosuppressive effect for injectables (167).

DMPA-IM (153)

The numbered circles in the last columns of Tables 3, 4 and 5 indicate consistency in mechanisms between ex vivo, clinical and animal studies. Each number in a circle indicates
a particular effect consistent across the Tables.
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certain physiological or pathological conditions, the
squamo-columnar zone moves toward the external os,
exposing the endocervical columnar epithelium to the
ectocervical and vaginal environment. This phenome-
non is called cervical ectopy (). The position of the
squamo-columnar junction is important because ab-
normal precancerous squamous tissue is most prev-
alent in this area. Moreover, cervical ectopy has been
correlated with increased susceptibility to some STIs in
a number of studies (–).

The vagina is a muscular tube that extends from
the cervix to the external genitalia. The vaginal wall is
composed of the mucosal lining composed of the
stratified epithelium, similar to the ectocervix, the
subepithelial stroma, and the smooth muscle layer.
The vaginal epithelium is very responsive to estrogen
levels (). Studies that have measured the thickness
of the vaginal epithelium show a maximum of . 6
. layers present in women during the follicular phase
of the menstrual cycle and decrease to  6 . layers
during the luteal phase (). Nonovulating women
had a mean of  6 . layers compared with . 6
. layers in ovulating women (). The vaginal
epithelium is covered with a mucus layer and plays an
important barrier function. A lower pH is important

for protection against pathogens. Sex hormone re-
ceptors are expressed throughout the vaginal tissue
and are particularly high in the epithelium (). ER
levels are downregulated after menopause (). PR
levels are highest when estrogen levels are high ().
Stromal cells also express ERs that are important for
vaginal cell proliferation, whereas ER expression on
both stroma and epithelium is important for differ-
entiation and maturation of the stratified squamous
epithelium (). Some researchers have suggested
that the superficial layers of the squamous epithelium
are the equivalent of “stratum corneum” found in
the epidermis consisting of terminally differentiated,
keratinized enucleated, dead and flattened cells ().

Following menopause, atrophy occurs in vaginal
mucosa, primarily as a result of the loss of estrogen.
The atrophic vaginal wall is thinner with few in-
termediate and superficial cells. The lower estrogen
levels also lead to lower glycogen levels, changes in
microflora, and increased pH ().

Modulation of immune environment by
ovarian hormones
Tightly regulated production of estrogen and pro-
gesterone in the menstrual cycle exerts a dramatic

Table 5. Summary of Data From Animal Studies

Reported Effect Progestin Organism/Model Reference Note

↑ Risk of SIV and SHIV infection following vaginal exposure DMPA Rhesus macaque (37, 168, 169)

↑ SIV and SHIV plasma levels in the acute phase of infection DMPA Rhesus macaque (37, 168)

↑ Viral genetic complexity and frequency of
CXCR4-using variants

DMPA Rhesus macaque (37)

↓ Protective effect of prior immunization against SIV DMPA Rhesus macaque (168, 169)

↓ Thickness of vaginal epithelium DMPA Rhesus macaque (170) Epithelial thinning is less profound or
undetectable in humans.

DMPA Pigtail macaque (135, 171)

DMPA Mouse (172)

LNG Pigtail macaque (173)

↓ Control of Mycobacterium tuberculosis infection DMPA Mouse (131) Consistent with the direct effect of MPA on
immune cells ➀.

↓ Antigen-specific cytokine production

↑ Susceptibility to HSV-1 and HSV-2 DMPA Mouse (36, 132, 133) Consistent with the direct effect of MPA on
immune cells ➀.

↓ Virus-specific immune response

↑ Genital mucosal permeability and invasion of endogenous
vaginal microbiota

DMPA Mouse (133) Consistent with a clinical study ➂.

↓ Genital expression of DSG1a LNG

↑ Susceptibility to C. trachomatis LNG Mouse (144) Consistent with the direct effect of MPA on
immune cells ➀.

↓ Activation and function of DCs and T cells

↑ a4b7 on CD4+ cells in endocervix DMPA Rhesus macaque (174)

The numbered circles in the last columns of Tables 3, 4 and 5 indicate consistency in mechanisms between ex vivo, clinical and animal studies. Each number in a circle indicates
a particular effect consistent across the Tables.
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effect on immune processes in the female reproductive
tract and other mucosal tissues, as reviewed elsewhere
(, –). The luteal phase of the ovarian cycle is
associated with decreased production of antibodies,
reduced cell-mediated cytotoxic activity, and decreased
antigen presentation capacity of professional antigen-
presenting cells (). The state of partial immune
suppression is observed in tissues of the upper (ovaries,
fallopian tubes, and uterus) and lower FGT, composed
of the endocervix, ectocervix, and vagina. Interestingly,
pregnant or postpartum women with high proges-
terone levels have been shown to be more susceptible
to HIV- (–), although whether this association
is confounded by behavioral factors is unclear. It is
thought that the evolutionary purpose of progesterone-
mediated immune regulation is the reduction of the
potentially harmful immune response to an implanting
embryo. Importantly, however, note that progesterone
can simultaneously exert stimulatory and suppressive
effects, depending on the target cell population, ac-
tivation state, and immune milieu, and that an in-
flammatory process is typically accompanied by an
anti-inflammatory regulatory reaction. In general,
progesterone shifts the focus of the immune system
from a Th response (CD+ Th cells primarily support
CD+ T cell–mediated cytotoxic mechanisms) to
a Th response (CD+ Th cells primarily support
the production of antibodies by B cells). Estrogen
exerts either a stimulatory or suppressive effect
depending on cell type, environment, and hormone
concentration ().

Mechanisms of HIV-1 acquisition in the FGT
To enter the target cell, HIV- utilizes the CD re-
ceptor and one of two chemokine coreceptors, either
C-C chemokine receptor type  (CCR) or C-X-C
chemokine receptor type  (CXCR). HIV- virions
that use the CCR coreceptor are referred to as R-
tropic and virions using the CXCR coreceptor as X-
tropic (). R-tropic viruses are more common in
the initial phase of infection; X-tropic viruses are
typically associated with an advanced disease state
characterized by rapid T cell depletion, immune
system collapse, and opportunistic infections that
mark the onset of AIDS (). Infection with HIV-
occurs by the transfer of blood, semen, vaginal fluid,
pre-ejaculate, or breast milk. In blood and body fluids,
HIV is present in the form of free virus particles and
infected immune cells. Both X and R HIV variants
are present in body fluids that are passed during sexual
intercourse. Interestingly, a selection process leads to
a predominant transmission of the R-tropic virus
(); however, the underlying mechanisms of the
selection process are unclear. A recent study suggested
that cervicovaginal inflammation may affect which
HIV- variant infects the FGT (). Typically, only
a single or a very limited number of virions are
transmitted from the donor, giving rise to the

transmitted/founder population that rapidly dissem-
inates throughout the body (). The primary cell
types that support HIV- proliferation in HIV-–-
infected individuals are CD+ T cells (Th cells) and
macrophages. However, HIV can enter other non-
target cells such as CD+ T cells, B cells, and epithelial
cells using noncanonical receptors, although whether
any viral replication can occur in these cells is unclear.
As with all lentiviruses, HIV- replicates most effec-
tively in cells that are actively proliferating. HIV-
preferentially replicates in Th cells (CD+CD+) that
express the markers of the memory T cell subset
(CCR+) and proliferation (e.g., Ki+) (, ).
However, depletion of CD+ T cells in SIV-infected
macaques leads to increased viremia due to a massive
infection of macrophages, microglia, and possibly
other cell types, indicating that CD+ T cells are not
necessarily required for SIV proliferation ().

The FGT provides multiple layers of protection
against incoming pathogens, including circulating,
tissue-resident, and transmigrating immune cells, the
mucosal epithelial barrier, and secreted molecules with
antibacterial and antiviral functions (, ). Addi-
tional protective responses are activated following the
migration of pathogen across the mucosal barrier,
including rapid innate immune responses, induction
of adaptive responses and immunological memory,
and accelerated reactivation of memory T and B cells
following reinfection. The low probability of HIV-
acquisition via heterosexual intercourse (estimated at
: to :) is a testimony to the effectiveness of
genital barrier function ().

Evaluation of the effect of different forms of HC on
HIV- acquisition is hindered by the fact that, despite
decades of intensive research, our understanding of
mechanisms of mucosal transmission of HIV- is
rather limited (, ). It is unclear whether most
heterosexual transmission events occur via free virus,
cell-associated virus (donor cells that are either pro-
ductively infected or carry membrane-associated virus
or recipient cells that are present in FGT lumen and re-
enter the mucosa following infection), specific capture
by dendritic processes of LCs protruding from the
epithelial layer to the vaginal lumen, transmigration of
virus between epithelial junctions of columnar epi-
thelium of endocervix and upper FGT, transcytosis
through columnar epithelial cells, transport of sperm-
associated virus to the upper FGT, or transmission via
the microabrasions and tears in vaginal epithelium. All
of these mechanisms have been described and are
likely to occur in vivo (, –). Furthermore, it is
unclear whether HIV- is preferentially transmitted
via the multilayer stratified squamous epithelium of
the ectocervix and vagina or single-layer columnar
epithelium of the endocervix and endometrium. It has
been argued that most heterosexual transmissions
occur through the pluristratified epithelial layer of
the vaginal and ectocervical mucosa. The combined

52 Hapgood et al Mechanisms: Hormonal Contraception and HIV Endocrine Reviews, February 2018, 39(1):36–78

REVIEW
D

ow
nloaded from

 https://academ
ic.oup.com

/edrv/article/39/1/36/4788769 by guest on 24 April 2024



surfaces of the vaginal wall and ectocervix exceeds by
-fold the surface area of the endocervix. In sup-
port of this argument, HIV- infection occurs in
female macaques after surgical removal of the uterus
(–) and in women who lack a uterus at birth
(, ). However, a recent study in macaques
exposed to an SIV-based dual reporter system dem-
onstrated that the virus rapidly disseminates across the
entire lower and upper FGT, including the vagina,
ectocervix and endocervix, ovaries, and local draining
lymph nodes, within  hours of exposure (). The
mechanisms of HIV- transmission have been reviewed
previously and are not discussed in detail in this
review (, –).

Progestins and Hypoestrogenism

Different forms of HC may have different effects on
HIV- acquisition due to indirect effects on endog-
enous levels of estradiol. A comparison between mean
circulating estradiol levels for different forms of HC
reveals that DMPA-IM users are typically hypo-
estrogenic (, , ), with estradiol levels similar
to those seen in postmenopausal women and lower
than for any other form of progestin-only HC, in-
cluding NET-EN (Fig. ) (). Women on HC have
lower estrogen levels than do those occurring in the
luteal phase, with a rank order of estrogen levels of
Mirena . Implanon = Jadelle . NET-EN . DMPA
(). Hypoestrogenism may increase HIV- acqui-
sition via effects on vaginal tract integrity, FGT
microbiota (e.g., a lactobacilli-dominated vaginal
microbiome), and immune function in the FGT
(, ). The effects of estrogen are complex and
concentration-dependent (, ). Estrogen is gener-
ally shown to have protective effects for viral infection
in mammalian FGTs (,  , –). Col-
lectively, these studies suggest that estrogen may
provide a substantial protective effect, both in pre-
venting the acquisition of HIV- and other STDs in
postmenopausal women, as well as by vaginal ad-
ministration to women on DMPA ().

Smith et al. () have demonstrated that estrogen
applied systemically in the form of subcutaneous
implants protects against the intravaginal challenge of
ovariectomized female rhesus macaques with highly
pathogenic SIVMAC. The block appears to be at the
mucosal tissue level because rechallenging the animals
by submucosal injection resulted in a productive in-
fection. In a subsequent study, the authors showed that
topical treatment with an intravaginal cream con-
taining estrogen protects animals against intravaginal
challenge (). Topical application of estrogen
resulted in a minimal increase in serum estriol or
luteinizing hormone levels. In one study,  of  control
animals but none of  estrogen-treated animals be-
came infected; in the second study, only  of  of

estrogen-treated animals, compared with  of  un-
treated controls, became infected. These studies sug-
gest that vaginally applied estrogen may represent an
inexpensive and safe method of HIV- prevention.
However, note that most studies addressing the effect
of estrogen were performed in ovariectomized ma-
caques, not in intact cycling animals; this may have an
important implication on the physiology of FGT (,
).

Potential mechanisms of estrogen-induced re-
sistance of genital mucosal tissue to HIV- infection
include increased thickness of the vaginal epithelium
resulting in a barrier blocking the access of HIV- to
parabasal and subepithelial target cells (, , ,
), change in vaginal pH (, –), change in
the production of chemokines and secretion of anti-
viral factors, and alteration of the type, frequency, and
distribution of epithelial immune cells (, , ).
An inverse correlation between epithelial layer
thickness and susceptibility to SIV in estrogen- and
progesterone-treated macaques was observed (,
, ). One study suggested that estrogen decreases
the frequency of LCs in the vaginal epithelial and
stromal tissue (); however, this observation has not
been supported by other studies and needs to be re-
evaluated (). Estrogen treatment decreases cervi-
covaginal pH, making the environment hostile to the
virus, and stimulates the growth of protective HO-
producing lactobacilli (, , , –). However,
because all of these studies were performed either in
SIV models or ex vivo, it remains to be determined
whether estrogen has similar effects in human vaginal
epithelium in vivo.

Animal Studies Addressing the Effect of HC on
the Acquisition of Genital Pathogens

Studies in nonhuman primates indicate that treatment
with DMPA enhances the risk of SIV acquisition
following vaginal exposure to the virus and significant
increases viral levels in the acute phase of infection (,
, ). DMPA was shown to enhance the genetic
complexity of the replicating virus, increase the rep-
lication of the CXCR-dependent subtypes, and slow
the induction of cellular immune response ().
DMPA also reduces the protective effect of prior
immunization with attenuated virus (, ). DMPA is
routinely used in nonhuman primate (primarily rhesus
and pigtail macaque) studies to ensure effective SIV
acquisition following vaginal exposure. The combi-
nation of a high challenge dose with DMPA treat-
ment typically results in % infection rate whereas
in the absence of DMPA the infectivity is lower. In
contrast, DMPA does not affect the course of SIV
infection following injection of SIV under the genital
mucosal barrier or following intravenous challenge
(, ).

“DMPA has been shown in
a number of rodent studies to
decrease the epithelial
thickness significantly,
consequently affecting the
susceptibility to viruses and
bacteria.”
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To correctly interpret the studies in nonhuman
primates and assess their relevance for HIV- ac-
quisition in humans, it is important to consider the
differences between humans and macaques with re-
spect to the characteristic features of the menstrual
cycle, physiology of the genital tract, and the relative
effect of endogenous and exogenous hormones on the
vaginal and ectocervical epithelium. Some primates
undergo cycling associated with seasonal mating; this
can be altered in captivity. As discussed later, rhesus
and pigtail macaques respond to treatment with
DMPA or LNG by significant thinning of vaginal
epithelium (, , , ). However, the change
in epithelial thickness and number of epithelial levels
is less profound or undetectable in humans (,
–). Macaques intravaginally exposed to SIV are
less susceptible to infection when in the follicular
compared with the luteal ovarian phase (, ).
This susceptibility pattern reflects the cycling of epi-
thelial thickness and degree of keratinization that are
highest at the peak of the follicular phase around
ovulation and lowest during menses (). Because
female macaques are more likely to have intercourse
during ovulation, increased thickness and keratiniza-
tion of the epithelium represents a physiological mech-
anism preventing the traumatic effect of intercourse
and infection with pathogens introduced during the
intercourse.

In most studies, the dose of MPA per kilogram of
body weight used in macaques is higher than the dose
delivered by DMPA-IM in humans. In earlier papers,
 mg (~ to  mg/kg body weight) of MPA was used
in macaques compared with  mg (~ mg/kg) in
DMPA-IM in humans; therefore, an ~- to .-fold
higher dose per kilogram of body weight was used in
macaques. The reported Cmax of MPA in rhesus
macaques  days following injection of  mg of
DMPA is ~. ng/mL or  nM (). This is similar to
the reported average Cmax values in humans using
DMPA-IM (see “Contraceptives: Actions, Types, and
Serum Concentrations” previously). In rhesus ma-
caques, MPA concentrations decrease to ~ ng/mL
(. nM) by day , a concentration that is comparable
to humans on DMPA-IM (Table ). Further com-
plicating the interpretation of experimental data
obtained in animal models is the possibility that
substantial differences may exist between humans and
nonhuman primates in the pharmacokinetics and
pharmacodynamics of MPA and other hormones
(, , ). Further studies are required to es-
tablish this, given the difficulty in comparing non-
equivalent doses between humans and monkeys in
nonparallel studies (), the large degree of varia-
tion in reported MPA serum concentrations between
studies and individuals on DMPA-IM in humans, as
well as the variation in apparent half-life values for the
latter due to different sampling times for the estab-
lishment of Cmax (, ). Using similar doses per

kilogram of body weight in monkeys and humans may
not result in comparable serum levels because meta-
bolism may vary between species (). Two studies
have investigated the effects of equivalent doses in
monkeys compared with women. Radzio et al. ()
have defined a -mg DMPA monthly dose (. to .
mg/kg) in pigtail macaques that suppresses ovulation
and mimics other biological effects seen in women on
DMPA-IM, and results in similar Cmax serum con-
centrations of ~ ng/mL ( nM). In this model, the
authors found a correlation between plasma MPA
concentration, epithelial thickness, and CD+ T cell
density in vaginal tissue but little or no effect on
plasma viremia following vaginal SHIV infection. In
another study in pigtail macaques, Butler et al. ()
applied . mg DMPA/kg monthly, resulting in peak
MPA serum levels from ~ ng/mL ( nM) after one
injection to ~ ng/mL ( nM) after four injections,
both within the reported wide range of DMPA-IM
Cmax values in women. DMPA-treated macaques
became infected after a median of . intravaginal
challenges with SHIV, compared with  exposures
needed in controls.

Several studies in small animal models have also
attempted to mimic MPA levels comparable to those
observed in women using DMPA-IM. In one study,
mice were injected weekly with mg ofMPA, resulting
in serum concentrations at the upper limit of detected
Cmax levels of MPA in women (~ nM) (). At
this concentration, MPA impaired the control of
Mycobacterium tuberculosis and inhibited antigen-
specific cytokine production (), raising the im-
portant question as to whether HC affects control of
M. tuberculosis in women. Importantly, MPA radically
enhances the susceptibility of mice to HSV- and
HSV- and is commonly used to facilitate the infection
in this model of sexually transmitted disease ().
Treatment of mice with  mg of DMPA changes the
susceptibility to genital HSV- infection and inhibits
local innate and adaptive immune responses ().
Injection of mice with  to mgDMPA prior to HSV-
infection results in impaired function of DCs, T cells,
and reduction of virus-specific immunological memory
(). A recent elegant study in mice injected with mg
of DMPA demonstrated reduced genital expression
of the desmosomal cadherin desmoglein-a (DSGa),
increased genital mucosal permeability, and increased
susceptibility to HSV- viral infection (). A DMPA-
mediated increase in mucosal permeability promoted
tissue inflammation most likely by facilitating the in-
vasion of endogenous vaginal microbiota. A similar
effect was observed with LNG (). In a murine model
of intranasal Chlamydia trachomatis infection, LNG
suppresses DC activation and function, inhibits the
formation of T cell immunity, and increases suscep-
tibility to the pathogen ().

In both nonhuman primate and rodent models,
DMPA has a profound effect on vaginal histology.
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DMPA and Norplant implant (LNG) lead to signifi-
cant thinning of vaginal epithelium in rhesus ma-
caques within  to  days of the start of treatment,
but the effect is rapidly reversed following treatment
withdrawal (). Studies done in pigtailed macaques
show a similar thinning of vaginal epithelium fol-
lowing DMPA and COC (LNG/EE) treatment ().
However, studies in untreated nonhuman primates
show that there may be changes to vaginal epithelium
thickness even during the normal menstrual cycle,
with % thinning of epithelium in pigtail macaques
during the secretory phase in pigtailed macaques ().
In rodents, the phenomenon of vaginal epithelium
thickness being regulated by sex hormones is well
documented, with estrogen leading to significant
thickening and progesterone causing thinning of
vaginal epithelium (, ). DMPA has been shown
in a number of rodent studies to decrease the epithelial
thickness significantly, consequently affecting the
susceptibility to viruses and bacteria (, , ).

Effects of HC on the Acquisition of Other
Sexually Transmitted Pathogens

The World Health Organization estimates that every
year there are  million new infections with pri-
marily one of the four bacterial STIs, that is, chlamydia,
gonorrhea, syphilis, and trichomoniasis (, ). In
addition to these,  million new HSV- infections
occur annually (). Although most of the STI
burden is borne by developing countries, bacterial STIs
represent a major problem in developed countries as
well. Women typically have more asymptomatic in-
fections compared with men and suffer dispropor-
tionately more severe consequences from bacterial
STIs, including pelvic inflammatory disease, infertility,
and ectopic pregnancy. Furthermore, STIs have been
shown to increase the risk of HIV acquisition (,
). Whether the use of HC increases the risk of STI
acquisition has very important public health impli-
cations given that almost  million women use
various forms of HC worldwide (, ); however,
a comprehensive examination of this topic is beyond
the scope of the current review. In this section we focus
primarily on evidence regarding the effect of hor-
mones and HCs on STIs that have been shown to
increase the risk of HIV acquisition, because increase
in these coinfections can indirectly enhance HIV risk.

A number of clinical studies have examined the
relationship between the use of HC and acquisition of
STIs, with no clear etiological association. Two sys-
tematic reviews (, ) examined published studies
on this topic and concluded that overall there is
a positive correlation between oral contraceptive and
chlamydial infection, but not with gonorrhea, HSV-,
trichomoniasis, syphilis, and human papillomavirus
(HPV). Both reviews cited limitations in the amount

and quality of evidence from the studies. Among the
major drawbacks cited were small sample size, in-
adequate adjustment for confounding factors, and
questionable relevance of studies conducted in high-
risk subgroups to the general population. Most of
these studies on this topic examine the association
with COCs, DMPA-IM, and IUD, with few studies on
NET-EN and other forms of progestin-only methods
and none on newer combined hormonal methods,
including patches, rings, and injectables.

Whereas the prospective and cross-sectional
studies considered in systematic reviews did not
find strong evidence linking HCs with STI acquisition,
other studies have shown a link between HC use and
conditions such as cervical ectopy, which is associated
with acquisition of chlamydia, HPV, HIV, and CMV
[reviewed in Venkatesh and Cu-Uvin ()]. Similarly,
although HCs have not been shown to directly in-
crease HPV infection, a known cause of cervical
cancer, recent results from the EPIC Cohort suggest
hormonal factors as risk factors for cervical carcino-
genesis (). In this cohort, the number of full-term
pregnancies and long-term use of oral contraceptives
was associated with increased risk of developing
cervical intraepithelial neoplasia grade  and invasive
cervical cancer. Another recent prospective study
conducted in Rakai, Uganda, in HIV-– and HSV-
–negative women showed an adjusted hazard ratio of
. for HSV- acquisition in women using DMPA-
IM compared with women not on HC (). However,
the study power was low and the authors suggested
a larger study with more frequent follow-ups.

The underlying biological mechanism of how HCs
could facilitate the acquisition of STIs is still in-
completely understood and is an active area of in-
vestigation. A number of reviews have examined
the underlying mechanisms of hormonal influence
on STIs () and individual infections, including
chlamydia (). Many of these studies have examined
the effects of the reproductive cycle and exogenous
hormones, including DMPA-IM on STIs, and in-
cluding HSV-, chlamydia, and gonorrhea in animal
models, primarily rodents. No studies in nonhuman
primate models have examined the effect of hormones
on STIs, other than SIV (, ). Rodent data indicate
that overall estradiol is protective whereas progesterone
enhances primary infection to HSV- (). In mice,
DMPA was also shown to increase susceptibility to
HSV- and decrease immune responses (, ),
whereas estradiol treatment was recently shown to
enhance protection by augmenting antiviral Th re-
sponses (). Chlamydia infectionmay be enhanced by
both progesterone and estradiol, depending on the
animal model used and location of primary infection
(lower or upper genital tract) (), whereas gonorrhea
infection is exacerbated by estradiol in experimental
models (). A recent systematic review reported that
bacterial vaginosis (BV) was reduced and vaginal

“More studies are needed to
confirm which of these
mechanisms are key for an
HC-related increase in
susceptibility to STIs in
women.”
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candidiasis was not increased in DMPA-IM (and most
likely NET-EN) users, but COCs (progestin compo-
nent not recorded) may predispose for vaginal can-
didiasis ().

Combined information from animal studies and ex
vivo and in vitro studies suggests a number of possible
mechanisms of hormone/HC effect, including ()
increased local inflammation and chemokine pro-
duction resulting in recruitment of target cells to
the genital tract, () increased mucosal permeability
promoting inflammation, () increased cervical ectopy,
() thinning of vaginal epithelium and reduced se-
cretion of protective factors, and () a hypoestrogenic
effect resulting in decreased colonization with lacto-
bacilli, resulting in changes in pH and increased
colonization by BV-associated bacteria. More studies
are needed to confirm which of these mechanisms are
key for an HC-related increase in susceptibility to STIs
in women.

Contraceptives, Immune Function, and HIV-1
Acquisition in the FGT

Multiple lines of evidence from clinical, animal, and in
vitro studies indicate that HCs affect the function of
the immune system, both systemically and locally, by
altering the ability of the FGT to protect against in-
vading pathogens (Tables –). Several studies have
reported that MPA is immunosuppressive in vivo and
ex vivo, as outlined later.

Immunosuppression is broadly defined as a re-
duction in the capacity of the immune system to react
to a challenge, for example, by an invading pathogen.
Deliberately induced immunosuppression is used to
prevent a rejection of an organ transplant or to ame-
liorate the effect of an autoimmune disease. Non-
deliberate immunosuppression is associated with aging,
malnutrition, cancer, and several chronic infections,
including HIV-/AIDS. Immunosuppression affects
both innate and adaptive immune systems. The innate
immune system is an evolutionarily older type of
defense that protects the host in a nonspecific manner.
In contrast, the adaptive immune system, mediated
primarily by T cells and antibody-producing B cells, is
evolutionarily younger and provides antigen-specific
immunological memory after the initial response to
a pathogen, leading to an enhanced response to sub-
sequent encounters. The professional antigen-presenting
cells, such asDCs andmacrophages, play a critical role in
connecting the innate immune system with the
adaptive responses. As outlined later, MPA was re-
ported to regulate several functions of both the innate
and adaptive immune systems.

Effects on the function of DCs and pDCs
DCs are professional antigen-presenting cells that are
indispensable for the initiation of adaptive immune

response. DCs uptake and degrade the antigen and
present short peptides to CD+ and CD+ T cells to
induce antigen-specific immune responses. Studies
in animal models demonstrated that DMPA-IM
suppresses DC function, reduces expansion of
virus-specific T cells, and impairs the development of
virus-specific immunologic memory (). Vicetti
Miguel et al. () reported that DMPA administered
to female mice prior to mucosal tissue infection with
HSV- suppressed DC activation and surface levels of
costimulatory molecules CD and CD. This in-
hibition of DC activation subsequently impaired ex-
pansion of virus-specific T cells and the development
of HSV-–specific immunologic memory. In a sub-
sequent study, the group demonstrated that MPA
significant reduced CD and CD expression on
human primary DCs and reduced their ability to
induce T cell proliferation at a concentration as low as
. nM ().

In addition to its effect on conventional DCs, MPA
also suppresses the function of pDCs. pDCs are a key
immune population that function as sentinel cells with
the ability to recognize early viral and bacterial in-
fections. pDCs orchestrate antiviral response by the
release of soluble factors such as IFN-a (–).
IFN-a–producing pDCs were shown to accumulate in
the genital lamina propria early in SIV infection and
are likely to contribute to the early immune response
to the virus in monkeys (). In vitro, MPA reduces
the production of IFN-a in response to Toll-like
receptor (TLR)  and  ligands at MPA concentra-
tions of ~ nM corresponding to the Cmax observed
in the serum of DMPA-IM users (, ). In vivo,
the use of DMPA-IM and NuvaRing (releasing ETG)
is associated with a decreased function of circulating
pDCs in HIV-–uninfected women (). The latter
study shows that the function of pDCs is altered by
exposure to systemic concentrations of MPA in vivo in
DMPA-IM users. These data, consistent with a study
in mice () and further supported by decreased
levels of IFN-a in plasma and cervicovaginal lavage of
DMPA-IM users (), demonstrate the in vivo im-
munosuppressive effect of DMPA-IM on this critical
innate immune cell population. Suppression of pDC
function may tip the balance between the proliferation
of a founder viral population and early immune
control during the acute phase of infection in favor of
the transmitted virus.

Less information is available on the potential effect
of other progestins on the function of DCs and pDCs.
Quispe Calla et al. () reported that LNG inhibits
the activation of human DCs, lowers the expression of
CD, CD, and CD, and reduces their capacity
to promote T cell proliferation at concentrations
of$ nM. Additionally, treatment of mice with LNG
reduces DC function, reduces the recruitment of CD+

and CD+ T cells in lungs, and delays the clearance
C. trachomatis following intranasal infection (). The
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observed decreased function of pDCs in women using
NuvaRing raises a concern that should be addressed in
future studies (). Head-to-head comparison of the
effect of various progestins on the function of human
pDCs ex vivo demonstrated that progesterone, LNG,
and NET do not substantially inhibit pDCs ex vivo
whereas ETG exerts a partial suppressive effect at 
mM concentration (). The lack of an effect with
progesterone, LNG, and NET and lower potency of
ETG compared with MPA is consistent with their
lower relative affinities for the GR (Table ), as well as
the lower relative potencies of progesterone and NET
compared with MPA for repression of gene expression
via the GR (, , ).

Collectively, a substantial degree of coherence
exists between the clinical, animal, and ex vivo studies
indicating an immunosuppressive effect of MPA on
the function of DCs and pDCs, populations that are
critical to pathogen recognition, antigen presentation,
and induction of T cell responses. The effect is sys-
temic and occurs at concentrations equivalent to or
lower than the pharmacological levels of MPA fol-
lowing the administration of DMPA-IM or DMPA-
SC. Whether the potential effect of LNG and ETG on
DCs has any clinical implications remains to be
established.

Effects on intraepithelial LCs
HCmay modulate the susceptibility to SIV and HIV-
by altering the function, frequency, and availability of
target cells in the vaginal epithelium and stroma. Of
particular interest is the population of LCs, a special-
ized type of DC that resides in the skin and is abundant
in the epithelial layer of the vaginal and ectocervical
mucosa of the female lower reproductive tract.
Dendritic processes from LCs extend to the lumen of
the vagina to sample antigens and bacteria. Several
reports employing isolated human LCs and explant
models of HIV- infection suggest that LCs acquire
the virus via CD, CCR, and Langerin-dependent
binding (, , ). LCs in the epidermis express
Langerin, a specific C-type lectin receptor involved in
HIV capture and destruction. Recently, the specific
mechanism leading to this HIV restriction was dis-
covered. Nevertheless, LCs can be infected and the way
HIV escapes this restriction needs to be investigated
(, ). Although only a few LCs may become
productively infected, they are equipped to transport
the membrane-associated virus to CD+ T cells and
macrophages in the lamina propria and draining
lymph nodes (Trojan Horse theory) (, , ). It
has been reported that exogenous estrogen decreases
() whereas progesterone increases () the fre-
quency of LCs in the human vaginal epithelial and
stromal tissue. In contrast, other studies using S as
a marker for vaginal LCs have not detected any
difference between DMPA-IM users and controls
(–). In a recent study involving a detailed

analysis of immune cell frequencies and epithelial
location of relevant cell populations in users of
DMPA-IM, NuvaRing, and COC and in control
volunteers, the frequency of intraepithelial LCs was
significant decreased in both COC and NuvaRing
users compared with either DMPA-IM users or
controls (). However, no significant difference in
LC density or localization was detected between
DMPA-IM users and controls, consistent with several
previous studies (–, ). Overall the studies are
inconsistent. As it has been previously suggested that
subsets of vaginal LCs differ in their expression of S
and CDmarkers (), differences in experimental
approaches and population markers may account for
the differences between studies. No study has effec-
tively addressed the potential effect of HC on the
functional properties of LCs such as their ability to
bind HIV- virions and transfer them to draining
lymph nodes. Thus, a substantial research gap exists in
this area of investigation.

Effects on the function, frequency, and infectivity
of T cells
Multiple studies have reported that HC affects the
function, frequency, and state of activation of T cells,
both systemically and locally in the FGT. Additionally,
HC was shown to exert a direct effect on the rate of
HIV- proliferation inside the infected T cell and on
the expression of surface receptors facilitating HIV-
entry. T cells are broadly divided into CD+ cytotoxic
T cells with the ability to recognize and kill infected
target cells and CD+ Th cells that promote the
function of CD+ T cells, B cells, and other compo-
nents of the immune system. CD+ Th cells are further
divided into Th cells that focus the immune response
primarily to cytotoxic responses, Th cells that pro-
mote humoral responses, and Th cells that play
a critical role in maintaining mucosal permeability. To
communicate and direct the immune system, T cells
produce a plethora of cytokines and chemokines.
MPA was shown to suppress the production of several
key T cell–derived regulators of cellular and humoral
immunity involved in the induction of mouse and
human immune response to invading pathogens in-
cluding IFN-g, IL-, IL-, IL-, IL-, IL-, macro-
phage inflammatory protein (MIP)-a, and TNF-a
(, , , , ). DMPA suppresses Myco-
bacterium bovis bacillus Calmette-Guérin–induced
cytokine production in human PBMCs and inhibits
the function of cytotoxic T cells in DMPA-IM users
(, , , , ). In these studies, short-term
(-hour) coincubation of T cells with MPA resulted
in a significant inhibition of T cell function at MPA
concentrations equal to or higher than the Cmax in
DMPA-IM users ($ nM or . ng/mL). However,
prolonged exposure to progestins may enhance the
effect. MPA impairs effector function of CD+ T cells
interacting with HSV- latently infected neurons,

“The presence of a GR agonist
results in a translocation of
GR-VPR complex into the
nucleus and efficient proviral
integration.”
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including their ability to produce IFN-g and TNF-a,
in - to -day ex vivo trigeminal ganglia cultures at
concentrations as low as . nM (). Additionally,
long-term exposure to progestins in vivomay enhance
their effect by altering the development of lymphoid
cell lineages and homeostasis of memory cell pop-
ulations. All of these factors may affect the functional
capacity of T cells to respond to the antigenic challenge
().

Ex vivo studies with freshly prepared, untouched
T cells obtained from blood or genital mucosal tissue
provide an opportunity for head-to-head comparison
between different types of progestins that may be
instrumental for informed decisions regarding prior-
itization of HC candidates for women at risk for
HIV- and other infections. Although MPA is im-
munosuppressive for selected regulators at concen-
trations from  nM to  nM, LNG and NET do not
inhibit the production of these cytokines by activated
T cells at a concentration as high as  mM, whereas
progesterone results in variable levels of repression but
with a potency at least -fold less than MPA (,
, , , ). These data thus suggest that LNG
and NET do not inhibit immune cell function at
systemic concentrations observed in HC users (,
, ). ETG suppresses the function of T cells at
concentrations $  mM. This concentration is above
the observed levels in plasma; however, local con-
centration in ETG of HC users may be substantially
higher than the concentration in plasma. As previously
discussed, NET and LNG have relatively low affinity
for the GR and do not appear to mediate trans-
repression of the selected genes involved in immune
regulation. ETG binds GR with intermediate affinity
(, ). Because the GR regulates transcription of
a variety of genes involved in immunity and in-
flammation (–, , , ), the differential
affinity for and activity of progestins via the GR
(MPA .. ETG . LNG ' NET) is consistent with
the hypothesis that progestins exert their suppressive
effect on T cell function primarily via the GR (, ,
, , , , ). Interestingly, patients who are
infected with HIV- display GC hypersensitivity as-
sociated with reduced T cell function, possibly due to
the specific binding of the HIV- accessory protein
Vpr to the GR coactivating motif (, , , ).
Thus, the sensitivity of T cells to the effect of GR-
binding progestins may be significantly enhanced in
the context of HIV- infection ().

Importantly, MPA directly increases the rate of
viral replication of HIV- in human PBMCs, CD+

T cells, and CD+ monocytes (, ). The effect on
viral proliferation is observed at concentrations as low
as . nM (). The observed increase in HIV-
replication may be caused by several possible mech-
anisms, including increased retention of HIV- cor-
eceptors on the surface of CD+ T cells, inhibition of
production of antiviral factors, and a direct effect on

HIV- transcription. Because most proliferation
probably takes place in CD+ T cells, MPA likely
affects CD+ T cells directly, although the contribution
of an indirect effect cannot be excluded. It is possible
that the enhancement of HIV- proliferation may be
mediated by direct binding of an activated GR-MPA
complex to a GC response element half-site located
within the HIV- LTR. However, although putative
GR binding sites have been located on the HIV- LTR,
GC agonists have been shown to both activate and
repress the viral LTR (–) [reviewed in Hapgood
and Tomasicchio ()]. Importantly, activation of the
GR releases unstimulated PBMCs from an early block
in HIV- replication via a mechanism requiring Vpr
(). The presence of a GR agonist results in
a translocation of GR-VPR complex into the nucleus
and efficient proviral integration. This mechanism
may be particularly important in the early stage of
infection.

HC may also affect the expression of surface
coreceptors CCR and CXCR that, in concert with
CD, facilitate the entry of HIV- into the target cell.
The use of COCs was shown to be associated with
increased activation and elevated expression of HIV-
coreceptor CCR on intraepithelial endocervical CD+

T lymphocytes; the specific progestin used in this study
was not specified (). Sciaranghella et al. () have
demonstrated that LNG and DMPA-IM use was as-
sociated with increased peripheral blood T cell CCR
expression. Chandra et al. () have demonstrated
that  weeks following a -mg intramuscular in-
jection of DMPA-IM in women volunteers, the
numbers of CD, CD, CD, HLA-DR, and CCR-
bearing immune cells in vaginal tissues were signifi-
cantly increased compared with the follicular or luteal
phases of untreated cycles. This study found no sig-
nificant differences in immune cell populations be-
tween the follicular and luteal phases of the hormonal
cycle. A trend toward increased CD+ T cell density in
DMPA-IM users compared with controls was detected
in another recent study (). Furthermore, increased
levels of progesterone in pregnancy directly correlate
with increased CCR expression on T cells in pe-
ripheral blood and genital tissue (). However,
others report that exogenous progesterone decreases
CCR levels and increases CXCR levels in PBMCs
from HIV-–uninfected women (). It is known
that estrogen and progesterone affect the recruitment
of inflammatory T cells and macrophages through
downregulation of intracellular adhesion molecule-,
E-selectins, and vascular cell adhesion molecule-
(). The effect of progestin on T cell recruitment
may, therefore, be either direct or indirect via the
modulation of estrogen levels. A recent study of
a cohort of women in South Africa demonstrated that
the use of injectable progestin-only contraceptive was
associated with a .-fold increase in the frequency
of cervical CD+CCR+-activated T cells and an

58 Hapgood et al Mechanisms: Hormonal Contraception and HIV Endocrine Reviews, February 2018, 39(1):36–78

REVIEW
D

ow
nloaded from

 https://academ
ic.oup.com

/edrv/article/39/1/36/4788769 by guest on 24 April 2024



increased expression of CCR on CD+ cervical cells
(). A similar increase was found in the luteal phase
in women not using HC, indicating that the ovarian
cycle exerts a similar effect on the frequency of HIV-
target cells (). Ex vivo analysis demonstrated that 
mM MPA can prevent the downregulation of CXCR
and CCR on activated T cells, suggesting that this
mechanism may contribute to the observations in vivo,
although the effects of lower MPA concentrations
were not reported (). Because activated CCR+

T cells are more prone to infection and support
a higher rate of viral proliferation than do resting cells
(), increased frequency of these target cells in the
cervix may accelerate viral dissemination after expo-
sure to HIV- in the FGT. In contrast to the previous
studies, Mitchell et al. () found a decrease in the
frequency of CD+ and CD+CCR+ vaginal T cells in
long-term DMPA-IM users. A recent study by Smith-
McCune et al. () identified increased frequency of
activated T cells in the endometrium of DMPA-IM
users; however, no increase in CCR expression on
CD+ T cells was observed. Interestingly, these same
authors also identified an increased density of endo-
metrial macrophages and a decreased density of
endometrial regulatory T cells in DMPA-IM users.
Furthermore, Goode et al. () have shown that
rhesus macaques treated with DMPA for  weeks
exhibited higher expression of integrin ab, the gut-
homing receptor that is expressed on cells with in-
creased susceptibility to HIV-, on CD+ T cells in the
endocervix compared with animals treated with es-
trogen. This may be particularly important in light of
the observation that administration of an anti-ab

monoclonal antibody prior to and during acute in-
fection protects rhesus macaques from intravaginal
transmission of SIV (). Whether this occurs in
humans and whether other forms of HC affect the
frequency of activated CCR+ T cells or the level of
expression of ab on T cells in the FGT in animal and
human models are currently unknown.

A subset of T cells that may be particularly relevant
for HIV- infection are Th cells. Th cells have
been shown to be preferentially infected following SIV
vaginal transmission () and are depleted in orga-
nized lymphoid tissue early in infection (). As
these cells accumulate at the site with weakened bar-
rier function, they may represent the primary target
CCR+CD+ T cell population (). Xu et al. ()
have shown that progesterone regulates the expression
of Th-related transcription factor retinoic acid–related
orphan receptor gt (RORgt) in murine vaginal gono-
coccal infection. Estradiol enhances vaginal antiviral
immunity by induction of Th responses.Whether HC
affects the frequency and function of Th cells in
genital tissues is currently unresolved ().

In summary, although a substantial coherence
exists between ex vivo experiments using purified
human cell populations, animal studies, and clinical

observations, the potential effect of HC on T cells is
likely multifactorial and individual components are
difficult to discern. For example, the immunosup-
pressive effect of MPA on the functional response of
T cells most likely synergizes in vivo with its effect on
the capacity of DCs to present antigen and costimulate
T cell response by direct cell-to-cell interaction, in-
cluding costimulation of T cells via CD, CD, and
CD. The direct effect of progestins on T cells ap-
pears to be mediated primarily via the GR and is less
pronounced or undetectable with progestins exhibit-
ing low GR affinity.

Effects on soluble antimicrobial factors
Accumulated evidence indicates that DMPA reduces
the FGT levels of several antimicrobial factors with
HIV- inhibitory activity. Humanb-defensins (HBDs)
, , and  as well as secretory leukocyte protease
inhibitor (SLPI) are essential components of an
epithelial cell–derived antimicrobial peptide complex
that functions to keep the natural microbial flora in
a steady-state (, ). HBDs inactivate HIV-
before and following transepithelial migration
(–). Mucosal expression of HBD and HBD is
increased in exposed seronegative individuals (),
and HBDs were shown to promote epithelial cell
proliferation and wound healing (–). A large
prospective study of  volunteers in Uganda and
Zimbabwe demonstrated decreased cervicovaginal
levels of HBD and higher RANTES in DMPA-IM
users and an association between low levels of these
factors and HIV- seroconversion (). Lower cer-
vical levels of HBD in DMPA-IM users were con-
firmed in a study involving  women (). In an
unrelated study, use of a COC (progestin not specified)
or an LNG IUD was associated with decreased ex-
pression of HBD and HBD (). Decreased SLPI
expression was also observed in endometrial biopsies
of new DMPA-IM users (). In contrast, no effect of
DMPA-IM (, , –) or NET-EN on SLPI
levels in FGT was observed in a cross-sectional study
in Kenya and South Africa (). Francis et al. ()
have observed increased levels of HBD but, in
contrast to other studies (–, ), they observed
a nonsignificant trend toward increased levels of
HBD and HBD in cervicovaginal lavages of women
using DMPA or COC.

Progesterone and progestins also exert a strong
immunosuppressive effect on the production and
transepithelial transport of immunoglobulin (Ig)G and
IgA, as reviewed elsewhere (, , ). DMPA-IM
treatment decreases specific IgG and IgA responses in
mice following intravaginal or intranasal immuniza-
tion with attenuated HSV- and causes failure to
develop protective responses (, , ). Progestin-
containing contraceptives have also been reported to
decrease the levels of IgG and IgA in humans (,
, ).

“Several clinical studies show
a correlation between
increased FGT inflammation
and increased HIV-1
acquisition.”
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Collectively, based on the documented contribu-
tion of HBDs and SLPI to anti–HIV- activity in the
FGT, it is feasible that reduced mucosal levels of these
factors may facilitate HIV- transmission. Reduction
of mucosal production of specific IgG and IgA may
contribute to infection in pre-exposed individuals. A
substantial research gap remains in our understanding
of the effect of progestins other than MPA and
whether the reduced production of mucosal antiviral
factors is a direct effect of progestins or an indirect
effect of hypoestrogenism associated, in particular,
with DMPA-IM use. The inconsistencies in reported
data regarding antimocrobial factors could be due to
a number of confounding factors, similar to those
resulting in inconsistencies in reported clinical effects
on inflammation and levels of soluble immune
modulators, as discussed in detail in the next section.

Effects on inflammation and levels of soluble
immune modulators
Several clinical studies show a correlation between
increased FGT inflammation and increased HIV-
acquisition (, ). Because several reports have
suggested an increased level of FGT inflammation in
women using DMPA-IM and other HCs, this may
represent an indirect mechanism increasing the
probability of HIV acquisition. However, the effect
of HC on the levels of proinflammatory and anti-
inflammatory cytokines and chemokines in the FGT is
a subject of substantial controversy.

Selected soluble modulators have been shown to be
regulated directly by MPA in genital tract cell models
ex vivo, both in a proinflammatory and an anti-
inflammatory manner, at concentrations spanning
the peak and plateau levels in DMPA-IM users. Using
an in vitro ectocervical cell culture model, MPA was
shown to increase the expression of the proin-
flammatory cytokine IL-, whereas the expression of
IL-, a cytokine that is generally regarded as anti-
inflammatory, was suppressed in a dose-dependent
manner via a mechanism involving GR (). A study
on primary human endometrial and endocervical
epithelial cells exposed to HIV- ex vivo reported
a broad upregulation of chemokines but not proin-
flammatory cytokines, with increased production of
IL-, monocyte chemoattractant protein  (MCP-),
IL-, RANTES, and MIP-b, and chemokine (C-X-C
motif) ligand (CXCL) and decreased production of
IL- and TNF-a in the presence of MPA ( nM) ().
Most of these genes were not similarly regulated by
 nM progesterone. MPA was also shown to in-
crease IL- levels in a human vaginal cell line at ~
nM, whereas higher concentrations increased ex-
pression of other proinflammatory cytokines such as
tumor necrosis factor (TNF), IL-, and RANTES ().
In other studies, MPA at  to  nM, but not pro-
gesterone or progestins that have no GR activity such
as NET or LNG, was shown to suppress the production

of selected proinflammatory cytokines IL-, IL-, and
RANTES and increase the expression of the anti-
inflammatory GILZ gene in a human endocervical
cell line (). Ectocervical, endocervical, and vaginal
cell lines exhibited different patterns of regulation of
selected immunomodulatory genes in response to
receptor-saturating doses of MPA, NET, and pro-
gesterone ex vivo (). Collectively, these studies
suggest that MPA exerts direct stimulatory and in-
hibitory effects on inflammation via the regulation of
expression of selected genes in genital epithelia in
a cell-specific manner.

Some clinical studies have reported no association
between injectable contraceptive usage (% on
DMPA-IM) and broad changes in inflammation in the
FGT (), whereas others have found that general
immunosuppressive effects correlated with DMPA-IM
usage (). Yet other studies have reported a corre-
lation between DMPA-IM usage and a selective but
not a broad proinflammatory effect (, ), unlike
other studies reporting a predominantly and broad
proinflammatory effect (, ). Specifically, DMPA-
IM use has been associated with increased levels in
vaginal fluids of selected proinflammatory cytokines
in the FGT, including IL-, IL-, RANTES, MIP-a,
MIP-b, and CXCL (). In the same study, NET-
EN users displayed significantly higher IL-, IL-, and
RANTES concentrations. These results are partly
consistent with a large study in Uganda and Zim-
babwe that found significant elevation in vaginal
fluids of RANTES for DMPA-IM users but no ef-
fect on IL-b, IL-, and IL-, whereas the proin-
flammatory cytokines increased for COC (containing
LNG) users and pregnant women (). The results
of these studies are particularly interesting in the
context of the results of an ex vivo study showing that
enhanced expression of inflammatory cytokines IL-
b, IL-, and CXCL was associated with increased
transcription of HIV- in ectocervical tissue explants
and neutralization of IL-b and IL- decreased viral
transcription (). Looking at the effect of HC on
antimicrobial peptides, a study in Nairobi, Kenya, has
shown that DMPA-IM use is associated with higher
concentrations of cationic polypeptides, including
HNP, HNP, HNP, LL-, and lactoferrin, possibly
indicating neutrophil infiltration and increased in-
flammation ().

In contrast to the previous studies showing
a proinflammatory environment, a cross-sectional
study in Alabama showed that women using DMPA-
IM display an altered immune environment within the
lower FGT characterized by decreased concentration
of CXCL, MCP-, granulocyte colony-stimulating
factor, and IFN-a in cervicovaginal lavages com-
pared with controls (). Another study by Ngcapu
et al. () in KwaZulu-Natal, South Africa, con-
cluded that injectable HC (DMPA-IM or NET-EN)
use is associated with an immunosuppressive FGT
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innate immune profile characterized by lower levels in
vaginal fluids of IL-, IL-, and MCP-. However,
when comparing results between studies for specific
mediators, it is noteworthy that DMPA-IM usage has
been associated with a decreased effect (, ), an
increased effect (, ), and no effect () on IL-
levels; a decreased effect (), an increased effect
(), and no effect (, ) on IL-b levels; and an
increased effect (, ) and no associated changes
for RANTES levels (, ) in DMPA-IM users or
injectable users ().

The concentration of immune mediators may
differ substantially owing to population differences in
the prevalence of suboptimal microbiota and bacterial,
viral, or sexually transmitted protozoan infections. In
support of this, the levels of several inflammatory
cytokines, including IL-, were increased in HC users
with gonorrhea, chlamydia, or mycoplasma infections
(). The effects of HC on cervical immunity depend
on the genital tract microenvironment (as discussed
later in more detail in “HC, the Microbiome, and HIV-
 Acquisition”), and a weakened mucosal barrier
against HIV may be a combined result of genital tract
infections and HC use ().

The concentration of soluble mediators may also
vary depending on FGT compartment. Gene ex-
pression analysis of tissue from DMPA-IM and LNG
intrauterine system users indicated increased expres-
sion of inflammatory genes in human endometrial
tissue but not for immune function genes in cervical
transformation zone tissue (). Smith-McCune et al.
() demonstrated increased endocervical concen-
trations of MCP- and IFN-a but decreased con-
centration of IL-b and IL- in DMPA-IM users.
Differences between these and other results (, )
may be because soluble mediator concentrations differ
between endocervical and vaginal compartments.
More studies are required to determine whether this is
the case. The origin of immune mediators in the FGT
fluid is not clearly defined in most studies. Whereas
some mediators are produced by epithelial cells, others
may originate from infiltrating activated immune cells
in the lower or upper FGT. The concentration of any
factor in FGT fluid is the result of a complex interplay
between mucosal epithelium, number, type, and ac-
tivation status of infiltrating immune cells, charac-
teristics of vaginal microbiota, invading pathogens,
and other environmental factors. These factors may
result in discrepancies that are often observed between
the effect of a progestin on the production of a par-
ticular immune mediator by a well-characterized
population of cells in vitro and the effect of a con-
traceptive regimen on its concentration in the FGT.

Taken together, the reported effects of progestins
on inflammation and levels of soluble immune
modulators in the FGT exhibit a large degree of in-
consistency. This may be due to differences in FGT
compartment–specific effects or confounding factors

such as age or the presence of other STIs or the
microbiota. Despite attempts to correct for many of
these confounding factors, there are still many in-
consistencies between studies regarding quality (size,
prospective vs cross-sectional, time span between
measurements), which may contribute to the in-
consistent results regarding immune modulators.
Collectively, the data suggest that although MPA may
have direct cell-specific and gene-specific effects on
genes modulating inflammation in the FGT, the in-
flammatory profile as measured in clinical samples
from women on DMPA-IM may vary due to multiple
other indirect effects. Little information is available
about the effects of other methods of HC besides
injectables. Ex vivo studies suggest that MPA has
differential effects on inflammation compared with
NET and progesterone. Limited clinical studies sug-
gest that COCs containing LNG result in a broadly
proinflammatory environment, unlike DMPA-IM ().
Additional studies are required to determine whether
specific forms of HC result in differential effects on
inflammation in vivo, and whether these differ from
those in the luteal phase. Increased inflammation in
vivo may also be an indirect result of suppression of
host immune responses to invading pathogens and
may be observed only in specific populations. An
inflammatory response may be exacerbated by the
suppressive effect of a progestin on adaptive immune
responses. The combined effects of HC and vaginal
infection may lead to increased risk of HIV- due to
inflammatory tissue damage and recruitment and
activation of HIV- host cells ().

HC, FGT Structure, Barrier Function, and
HIV-1 Acquisition

Sex steroid hormones and HCs have a profound effect
on both structure and function of the FGT because
every cell type in the FGT expresses receptors for these
hormones. Normal physiological changes observed
during the menstrual cycle are regulated by estrogen
and progesterone and are previously described in “The
Female Genital Tract: Susceptibility to HIV- and
Other STIs”. This section focuses specifically on the
effects of HCs.

Effects on the structure of the endometrium,
cervix, and vagina
The exact effect of the exogenous hormones on the
endometrial morphology most likely depends on the
dose, duration, and type of progestin and whether it is
given in combination with estrogen (). Estradiol
alone ( mg of micronized E or . conjugated
equine estrogens) was a commonly used hormone
replacement therapy in the s, before clinical
studies showed a link between unopposed estradiol
and endometrial cancer (). Studies reported rates of

“The current formulations of
COC exert both estrogenic and
progestogenic effects on
endometrium.”
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% to % incidence of endometrial hyperplasia.
Abnormal cytology and glandular structure in par-
ticular were linked to progression to carcinoma.
Administration of a low dose of progestins in com-
bination with estradiol appeared to negate this risk
(). The current formulations of COC exert both
estrogenic and progestogenic effects on endome-
trium, with the progestin effect dominating owing to
downregulation of ERs after several cycles of use ().
Consequently, in the first few cycles, characteristics of
both proliferative and secretory effects are seen fol-
lowed by atrophic changes in both glands and stroma
after several cycles. The blood vessels also become
thinner and sinusoidal with longer use. The most
common formulation contained in oral progestin is
NET and in implants it is ETG or LNG (, ),
whereas in Southern Africa most COCs contain LNG
(). The changes in histology are similar for all of
these progestins, with long-term use leading to atrophy
of the endometrium, which includes small and sparse
glands that have lost their tortuosity and are lined by
low columnar cells (, , ). The stroma has
large ovoid fibroblasts and the blood vessels are dilated
and thin-walled, which can lead to breakthrough
bleeding. In early cycles following use, endogenous
estrogen may still be secreted, whereas progesterone
secretion from the corpus luteum is shut down more
rapidly. This results in slowing down of the changes
seen in the secretory phase of the cycle, with under-
development of glands and stroma. Use of a progestin-
only formulation such as DMPA-IM alone in women
leads to altered cytology, including exaggerated
glandular hyperplasia and decidualized stroma in early
cycles following use (). Following long-term use,
the tissue histology changes to what is seen typically
with most other progestins: endometrial atrophy and
decreased density of dilated, thin-walled blood vessels,
which can lead to breakthrough bleeding.

A number of studies have examined the effect of
HC, especially COCs and DMPA-IM, on vaginal and
cervical histology, epithelial thickness, and vaginal
microflora (see “HC, the Microbiome, and HIV-
Acquisition” later) (–, ). In particular, the
effect of DMPA-IM on vaginal histology has been
examined by a number of studies because of the re-
ports that have associated increased HIV- suscepti-
bility and transmission in women using DMPA-IM
(). In most studies DMPA-IM did not affect the
thickness of epithelium or number of LCs in the
vaginal tissue, regardless of the length of use. There
was also no change in cervical ectopy in studies re-
gardless of the ethnicity of women using DMPA-IM.

Most of the information available on physical ef-
fects of HC is based mainly on COCs containing NET,
LNG, and DMPA-IM, especially in the lower genital
tract. Overall, the use of HC leads to thinning and
atrophy of the endometrium; however, the effects are
less obvious on vaginal morphology. Animal models,

both NHP and rodent, do not simulate the effects of
HC seen in women (see “Animal Studies Addressing
the Effect of HC on the Acquisition of Genital
Pathogens” previously).

Effects on epithelial cells and barrier integrity
The epithelial mucosa lining the upper and lower
genital tract provide the first barrier to the entry of
sexually transmitted pathogenic organisms (). The
upper genital tract mucosa, which lines the endo-
metrium and endocervix, is comprised of a monolayer
of columnar epithelium, wherease the lower genital
tract is lined by stratified squamous epithelium. The
structure and physiology of these different types of
epithelium were discussed earlier (see “The Female
Genital Tract: Susceptibility to HIV- and Other STIs”
previously). The columnar epithelium of the upper
genital tract is primarily held together by apically
located tight junctions, which essentially seal adjacent
cells at their apical surface, preventing intercellular
passage between cells [reviewed in Kaushic et al.
()]. Below the tight junctions, adherens junctions
are observed to maintain adhesion of adjacent cells,
and finally desmosomes are found below the adherens
junctions. The superficial layers of the pseudostratified
squamous epithelium, alternatively, do not show any
adhesion junctions, which are found primarily in the
intermediate and basal cells (). Adherens junctions
are particularly abundant in these cells. The junctional
integrity decreases progressively from basal to su-
perficial layers. This correlates with increased per-
meability as noted by dye exclusion assays as well as
the ability of labeled HIV to penetrate superficial
layers.

Not much information is available regarding the
direct effect of progestins on the mucosal barrier in the
genital tract. A study of vaginal biopsies following
 weeks of DMPA-IM use found no changes in the
epithelial tight junction and adherens junction pro-
teins by immunohistochemistry (). However, an-
other recent study that used proteomic analysis
showed that DMPA-IM use is associated with innate
immune activation and reduced epithelium repair
pathways in the FGT (). Another recent study in
mice showed that DMPA and LNG downregulated
vaginal cell-to-cell adhesion molecules, such as des-
mosomal cadherins DSGa and desmocollin , and
subsequently increased genital mucosal permeability,
leading to increased endogenous microbial invasion
from the lumen into the submucosal tissue, which was
proposed to lead to increased vaginal inflammation
when compared with untreated mice (). Interest-
ingly, administration of estrogen was able to reverse
DMPA-mediated genital barrier disruption, high-
lighting the role of sex hormones in the maintenance
of the mucosal barrier. The same study found that
women initiating DMPA-IM use displayed significant
reduced DSGa and increased expression of selected
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proinflammatory markers (IL-b, CD, and CD)
in ectocervical tissues, similar to effects seen in the
luteal phase of the menstrual cycle  month after use
(). Whether the effects seen for DMPA-IM are
similar to those of P has not been examined. Using an
ex vivo explant model, it was shown that the tissues
from luteal phase were associated with increased HIV-
acquisition (). This is supported by a recent study
where endometrial epithelial cells, cultured under
hormonal conditions designed to mimic the luteal
phase (E plus P), showed increased permeability
compared with those grown in E or vehicle alone
(). This increased leakage was implicated in
allowing HIV access to stromal fibroblasts, which were
seen to enhance HIV infection of CD+ T cells.
However, note that the progesterone levels used in this
study ( mM) are ~-fold higher than luteal phase
progesterone and more consistent with pregnancy
levels of progesterone. An association has also been
indicated from clinical studies between the luteal phase
and changes in proteins involved in tissue remodeling
and leukocyte infiltration (). These results suggest
that some of the mechanisms associated with the luteal
phase, when progesterone levels are higher during
menstrual cycle, may be similar to those seen with HC.
However, more studies are needed to confirm these
initial reports.

HC, the Microbiome, and HIV-1 Acquisition

There is increasing acknowledgment that the vaginal
microbiome plays a critical role in maintaining ho-
meostasis with the reproductive tract immune system
and this, in turn, controls susceptibility to STIs, in-
cluding HIV-. However, much less is known about
the development and maintenance of the vaginal
microbiota. The squamous epithelium of the FGT
produces a layer of glycogen under the influence of
estrogen that provides a critical nutritional resource to
the microbiota and clearly plays a critical role in shaping
microbiota composition (). The FGT is more dy-
namic than other mucosal sites because of menstrua-
tion, and consequently the vaginal microbiome is more
dynamic than other mucosal microbiota. Using culture-
independent methods (amplification and/or direct se-
quencing of marker genes such as S ribosomal RNA),
studies have successfully identified . microbial
species in the vaginal tract (–). Studies have also
shown that the upper genital tract is not sterile; rather, it
has a smaller diversity of bacterial species (). Al-
though the definition of “normal” and “healthy” vaginal
microbiota is still debatable, genital microbiota in
women can be identified into two groups based on
clinical diagnosis: () microbiota that are considered to
be healthy, and () bacteria linked to the clinical di-
agnosis of BV. Whereas a healthy microbiota is
frequently dominated by Lactobacillus species, BV is

characterized by a polymicrobial microbiota consisting
of a variety of anaerobic bacteria and Gardenella vag-
inalis. Ravel et al. () used S rRNA sequencing of
the vaginal microbiome from  asymptomatic North
American women to define five consistent bacterial
community state type. Of these, four were dominated
by lactobacilli (Lactobacillus iners, Lactobacillus crispatus,
Lactobacillus gasseri, and Lactobacillus jensenii), and
a fifth group was not dominated by lactobacilli, but
instead had mostly anaerobes and G. vaginalis. The
latter was correlated with a high Nugent score (..) in
women, typically seen in women with symptomatic BV.
Dysbiosis of vaginal microbiota, as in BV, has been
linked to a .- to -fold increased risk of acquisition of
HSV-, HIV, gonorrhea, and chlamydia (, –).
Conversely, women with clinical BV have increased
HSV- and HIV- replication and shedding (, ).

The association between BV and HIV- has been
clearly shown by a number of studies. BV is known to
increase the risk of HIV acquisition in women, and
HIV-infected BV+ women are also threefold more
likely to transmit HIV to their male partner than HIV-
infected women who do not have BV (, , ).
The underlying reason is likely due to local inflam-
matory processes that occur during BV. A recent study
reported a potential mechanism underlying the strong
in vivo relationship between high-diversity bacterial
communities lacking Lactobacillus dominance and
genital proinflammatory cytokine levels (). Tran-
scriptional analysis revealed that Prevotella-dominant
communities contribute to genital inflammation via
TLR-mediated activation of NF-kB and TNF-a
signaling and recruitment of lymphocytes by che-
mokine production. This was accompanied by in-
creased numbers of CCR+CD+ T cells in the
endocervical canal, which suggests that high microbial
diversity increases the likelihood that HIV will es-
tablish productive infection upon exposure. The ability
of high microbial diversity in the genital tract to drive
the production of inflammatory mediators also sug-
gests that it has the capacity to induce genital barrier
disruption and increase the likelihood of HIV trans-
mission across the epithelium. Another recent study
compared cervicovaginal proteome of  Rwandan
female sex workers and correlated protein abundance
based on increasing bacterial diversity, including
L. crispatus dominant (group ), L. iners dominant
(group ), moderate dysbiosis (group ), and severe
dysbiosis (group ) (). Dysbiosis was found to
correlate with increased cervicovaginal inflammation
and detrimental changes to the mucosal barrier.

There is increasing evidence that the mucosal
microbiota modulates immune responses. The gut
microbiota has been shown to regulate immune
responses locally and systemically (, ) and
modulate immune responses in allergy (, ). A
recent review concluded that probiotics boosted an-
tibody responses to oral vaccines against rotavirus,

“Use of combined COC and
a contraceptive vaginal ring
has been shown to increase
lactobacilli in the vaginal
milieu.”
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Salmonella, poliovirus, and Vibrio cholerae in adults
and with childhood vaccines in infants (). The
mechanisms underlying the regulation of immune
responses by microbiota are largely unknown. Even
less is understood about the regulation of genital tract
immunity by the vaginal microbiota, although it is
thought to influence innate mucosal immunity in FRT
(). Certain anaerobic bacterial short chain fatty
acids (e.g., succinate) and exoenzymes (sialidases
and proteases) have been shown to induce proin-
flammatory responses through TLR activation, DC
activation and maturation, and immune cell migration
and phagocytosis (, ). A recent study found that
Atopobium vaginae, a bacteria associated with BV,
induced proinflammatory cytokines from vaginal epi-
thelial cells, whereas L. cristpatus did not (). Clini-
cally, successful treatment of BV is associated with
decreases in both HIV target T cells in the cervix and
activated CD+ T cells in cervical cytobrush samples
(). There is a paucity of data describing clinical
links between changes in microbiota and changes in
immune cells in the genital tract. Overall, this area is
substantially underinvestigated and represents a re-
search gap.

There is clinical evidence, mostly from cross-
sectional studies, linking contraceptive use with
changes in vaginal microbiota. Two systemic reviews
and a meta-analysis reported an overall decrease in BV
with the use of HC (, ). The summary of the
systemic reviews and some of the main studies since
 are presented in Table  (, , , –).
A review of these studies shows that women using
COC consistently show decreased risk of BV (Table ).
Data regarding progestin- containing HC such as
DMPA-IM and other implantable HCs are often
unclear because studies tend to group them together,
even though they contain very different progestins
(). The systemic review by van de Wijgert et al.
(), which did compare DMPA and COC, concludes
that both COC and DMPA-IM use are associated with
a decrease in BV. However, two recent studies con-
ducted in the FRESH cohort found no association
between injectable contraceptive usage (% DMPA-
IM) and changes in microbiota in women aged  to
 years, although these studies did not specifically
examine BV status of women (, ).

Despite the reported association between HC and
reduced BV, the mechanism underlying this positive
effect is unclear. The beneficial effect of DMPA-IM on
BV remains controversial, as some studies have shown
increased inflammation associated withMPA use (,
, ). The inflammation caused by progestins
could affect the genital barrier through indirect effects.
Inflammation has been associated with increased
permeability and decreased barrier function of epi-
thelium in a number of studies. Some studies have
reported a decrease in HO-producing lactobacilli in
women using DMPA-IM (, , ). DMPA-IM

was also shown to induce hypoestrogenism and slight
thinning of glycogen-positive vaginal epithelium,
which could potentially result in changes in vaginal
microbiota away from lactobacilli-dominant to poly-
microbial microflora consistent with BV ().

Use of combined COC and a contraceptive vaginal
ring has been shown to increase lactobacilli in the
vaginal milieu (, ). In another study, following
 months of COC use, vaginal microflora remained
essentially unchanged except for a small decrease in
HO-producing lactobacilli and in women with
Ureaplasma urealyticum (). Van de Wijgert et al.
() reported an increased incidence of vaginal
candidiasis in COC users. In nonhuman primates,
similar to some clinical studies, no significant changes
were noted in vaginal microflora following COC or
DMPA-IM treatment ().

Overall, the understanding of vaginal microbiome
and its correlation with inflammation, HC, and HIV-
acquisition is an area of enormous current interest.
There is general agreement that changes in vaginal
microbiome associated with inflammation lead to
increased HIV- infection. Depending on the specific
composition of the microbiota, changes in vaginal
microflora may result in various levels of inflamma-
tion. Studies addressing the effect of HC on mucosal
immune mediators may generate different results
in populations that differ in the characteristics of
microbiota and presence of cervicovaginal infections
(). Overall, studies to date generally show a cor-
relation of HC with decreased BV. However, the
underlying mechanism on how HCs change micro-
biome and/or inflammation is not as well understood
and is an active area of investigation.

Additional Controversies or Research Gaps

Several controversies and research gaps have been
identified and discussed in previous sections. In this
section, we discuss additional unresolved issues and
important areas of investigation relevant to contra-
ception and HIV- acquisition.

Contraceptive efficacy, doses, and DMPA-IM
vs DMPA-SC
Minimum or threshold doses of contraceptives re-
quired to maintain contraceptive efficacy have to our
knowledge not been defined for most forms of HC.
This poses a particular problem regarding side effects
such as risks for HIV- acquisition. For some forms of
HC, it may be possible to decrease side effects using
lower doses while maintaining contraceptive efficacy.
However, this requires an understanding of the re-
lationship between dose and biological response for
contraception and a particular side effect. More re-
search is needed to define these relationships, in
particular for MPA.
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Studies addressing the benefits of the lower dose
injectable DMPA-SC have convincingly demon-
strated its important advantages of usability due to
self-administration. DMPA-IM ( mg) contains
a higher dose of MPA than that required for con-
traceptive efficacy, because lowering the dose of MPA
by % (from  mg to  mg) maintains contra-
ceptive efficacy. Importantly, however, note that there
is no evidence of a substantial advantage provided by
the lower dose DMPA-SC over DMPA-IM (Depo-
Provera) with respect to its biological properties, ef-
fects on the immune system, and side-effect risk
profile. The assumption that lowering the dose by %
will decrease side effects () is not based on evidence
or sound theoretical considerations. It has not been
established that the Cmax serum levels of DMPA-IM
and DMPA-SC are different, because no comparisons
of these have been performed in the same study, and
studies not performed in parallel have shown a wide
degree of variability in measured Cmax serum levels. In
the one published study that did compare serum levels
in parallel, the earliest measurement was at  months
after the first administration (). In this study the
serum concentrations for DMPA-IM and DMPA-SC
were not significantly different after  months,  year,
or  years of usage, showing that the % lower dose
does not significantly affect serum concentrations at
these time points (). Both DMPA-IM and DMPA-
SC result in similar degrees of hypoestrogenism, with
typical circulation estrogen concentrations of  to 
pg/mL, which fluctuate widely in obese women for
DMPA-SC (, , , , ). GCs have a well-
established role in decreasing bone mineral density
(). Unlike other forms of HC, both DMPA-IM and
DMPA-SC result in a similar transient decrease in
bone mineral density (, ), which is likely due to the
GC-like properties of MPA, acting via the GR (,
), as well as their hypoestrogenic effects ().
Taken together, the previous facts suggest that an
increased risk of HIV- acquisition with DMPA-IM
would most likely be similar to that of DMPA-SC,
especially the underlying mechanisms that are medi-
ated via the GR. The use of MPA doses,mg used
in DMPA-SC is currently being explored in clinical
trials for contraception efficacy (). Detailed dose-
titration studies using primary immune cells and
relevant cell lines suggest that significant detectable
changes in the effect of MPA and other progestins on
immune mechanisms typically occur with - to
-fold changes in concentration (, , , ,
, , , , , ). Regrettably, although
Sayana Press provides substantially improved usability
and important public health benefits, a % decrease in
MPA dose is not likely to provide a substantial benefit
in terms of ameliorating the negative effect of MPA on
biological processes in women. Similar considerations
need to be taken into account when lowering doses of
any HC in an attempt to decrease side effects.

Inflammation and Cu-IUDs
Insertion of a Cu-IUD into the uterine cavity is as-
sociated with local inflammatory reaction and re-
cruitment of large numbers of neutrophils and
macrophages from the stroma (, ). The Cu-
IUD was shown to increase the concentration of
granulocyte-macrophage colony-stimulating factor,
soluble IL- receptor (soluble CD), IL-b, TNF-a,
IL-, and other cytokines/chemokines in the FGT
fluid (–). Interestingly, a recent publication
shows a positive correlation between the levels of IL-,
MCP-, and MIP-a and anti-HIV activity in the
cervicovaginal lavage fluid of HIV-–infected women
(). Based on this, it is feasible that anti-HIV activity
is enhanced in FGT following insertion of Cu-IUD.
However, the proinflammatory effect of Cu-IUD is
also of concern as it may lead to increased recruitment
and activation of HIV- target cells to genital epi-
thelium and disruption of epithelial integrity that may
facilitate HIV- transmission. It is critical to per-
form more research on the effect of Cu-IUDs and
other types of IUDs and intravaginal implants in vivo.
The effects of inflammation on combination thera-
pies for intravaginal delivery involving antiretrovirals
and progestins need to take into account the pos-
sible combined proinflammatory effects of these
treatments.

Identification of biomarkers of increased
susceptibility to HIV-1
Identification of biomarkers indicating increased
susceptibility to viral infection as a result of contra-
ceptive use would be highly beneficial. Although ev-
idence for some potential biomarkers that indicate
changes in immune function for a particular contra-
ceptive in vivo is emerging, whether these have a causal
relationship with changes in susceptibility remains to
be established. Several potential biological markers
have been identified for effects of DMPA-IM and
other types of HC in women on soluble mediators and
antiviral factors, in both the FGT and systemically, as
discussed in “Effects on soluble antimicrobial factors”
and “Effects on inflammation and levels of soluble
immune modulators” previously. However, few of
these are consistent between clinical studies, possibly
due to multiple confounding factors. There is evidence
from parallel studies that DMPA-IM has differential
effects on some soluble mediators compared with
other forms of HC (, ). Although there is strong
evidence for an effect of MPA on the repression of
several proinflammatory cytokine genes in ex vivo and
animal models, the levels of consistency with clinical
studies is variable. A decrease in SLPI with DMPA-IM
has been observed in two clinical studies (, ),
suggesting that it may be a possible biomarker for
DMPA-IM effects. Other results suggest a decrease in
HBD may be a biomarker for DMPA-IM and oral
LNG (, ), although these results show

“The strongest evidence for
a possible biomarker for
DMPA-IM is an increase in
CCR5 levels or frequency of
CCR5-expressing cells in the
FGT.”

65doi: 10.1210/er.2017-00103 https://academic.oup.com/edrv

REVIEW
D

ow
nloaded from

 https://academ
ic.oup.com

/edrv/article/39/1/36/4788769 by guest on 24 April 2024

http://dx.doi.org/10.1210/er.2017-00103
https://academic.oup.com/edrv


Table 6. Effect of Different Hormonal Contraceptives on Vaginal Microbiota

Study Details Hormonal Exposure Measurements Summary of results Reference Note

Systematic review and
reanalysis of HC-HIV
study of 36 eligible
studies

Compared COC and
DMPA-IM

BV based on Nugent score,
vaginal candidiasis, KOH
wet mount, and
microbiome analysis by
molecular techniques

Both COC and DMPA-IM
reduce BV. The HC-HIV
data show that COC and
DMPA-IM reduce
intermediate microflora.
COC, but not DMPA-IM,
increased vaginal candidiasis.
Molecular vaginal
microbiome studies
showed that high E2
enhanced domination by
Lactobacillus sp. P4 effects
were not clear.

(267)a

Systematic review and
meta-analysis to examine
association between HC
and BV in 55 eligible
studies

Examined effect of
combined HC (COC and
NuvaRing) and POC.
POC included DMPA-IM,
implants, injections, NET-
EN, Mirena

Examined BV prevalence,
incidence and recurrence
as outcomes in eligible
studies

HC was associated with both
significantly reduced odds
of prevalence and relative
risk of incident and recurrent
BV. Both combined HC
and POC reduced BV.

(349)a Analysis did not examine effect
of DMPA-IM specifically;
combined all POCs in the
analysis

Longitudinal study that
included 32 women at
12 mo and 22 women at
24 mo after treatment

Women using DMPA-IM
for up to 2 y

Examined vaginal microbiota
and mucosal immune
populations by
immunohistochemistry

Proportion of H2O2-positive
lactobacilli decreased
significantly over 12 mo.

(293)

One hundred seventy-four
HIV-negative Rwandan
female sex workers
followed for 2 y

Oral contraceptives or
injectables

Examined STI prevalence and
incidence and vaginal
microbiota characterization
by phylogenetic microarray

Oral and injectable
contraceptive use was
associated with a number
of STIs; particularly,
injectable contraceptives
were associated with HSV-
2, hormonal status was not
correlated with Nugent
score or vaginal
microbiome clustering,
and oral contraceptive
users had lower BV-
associated bacteria

(350)

Cohort of young, black
South African women
(18–23 y) enrolled in
FRESH Study

Women on no
contraceptive (n = 48)
were compared with
women on DMPA-IM/
Nuristerat (n = 43) or
COC/non-HC (n = 9)

16S RNA sequencing to
compare vaginal bacterial
microflora

No differences were seen
between bacterial
communities in any of the
groups

(339) Study was not primarily
designed to correlate
bacterial abundance and
community states with
immune parameters, did not
specifically determine
Nugent score or BV

Cohort study of 248 women
presenting for LNG-IUS
insertion/reinsertion
were stratified based
on their current
contraceptive method

No contraceptive, n = 72;
LNG-IUS (Mirena), n =
88; COC, n = 64; oral
progesterone-only pill/
desogesterel implant
(implanon), n = 18;
Cu-IUD, n = 6

Menstrual pattern, medical
history, vaginal microflora
examined by phase-
contrast microscopy,
aerobic cultures to detect
bacterial growth and
fungal colonization

COC and LNG-IUS users had
same vaginal microflora as
non-contraceptive users.
IUD users (hormonal and
nonhormonal) had higher
tendency for candida
colonization, Women on
progesterone-only pills/
implants had lower
candida but increased
vaginal atrophy

(351) Study did not use commonly
used criteria, such as Nugent
score or 16S sequencing

(Continued )
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inconsistency with other studies. Besides SLPI and
HBD, there are no reliable soluble mediator bio-
markers for effects of a particular contraceptive on
soluble mediators that have been validated in more
than one clinical study for any method of HC. Some
studies suggest that decreased cytokine levels but in-
creased levels of chemokines such as RANTES and IL-
may be biomarkers for effects of DMPA-IM (,
), although other studies are inconsistent with these
data (, ). The finding that increased RANTES
expression is associated with both DMPA-IM use and
HIV- acquisition and shedding is particularly com-
pelling (). Additionally, there is evidence that
a decrease in FGT permeability is associated with
decreased expression of DSGa, representing a pos-
sible biomarker, although this needs to be corrobo-
rated by future studies ().

Potential biomarkers for the effect of DMPA-IM,
consistent in two clinical reports, include markers for
impairment of DC function, such as CD and CD
(, ). To date, the strongest evidence for a pos-
sible biomarker for DMPA-IM is an increase in CCR
levels or frequency of CCR-expressing cells in the
FGT, which has been observed in several clinical
studies (, , ), but not with an LNG-releasing
IUD (LNG-IUD) (). However, this increase was
not seen in the long-term DMPA-IM users ().
Critical assessment of the validity of individual bi-
ological markers that are modulated by HC in terms of
their predictive value of the effect on HIV- trans-
mission is hampered by the fact that our under-
standing of the heterosexual transmission of HIV- is
rather limited. Despite important progress, precise
correlates of protection against and susceptibility to
HIV- infection are not clearly defined. Therefore, it is
currently difficult to select a single biological effect of
HC that would predict the probability HIV- trans-
mission and acquisition.

Disease progression and transmission
Multiple studies have addressed whether the use of
HC during chronic HIV- infection affects the rate
of viral replication and overall disease progression.
Several studies reported a significantly higher HIV-
viral load at the set point and acquisition of more
diverse viral genotypes in women using DMPA-IM or
COC at the time of HIV- infection compared with
women without contraception (, ), consistent
with the fact that viral load is highly predictive of
HIV- disease progression (, ). However, other
studies failed to confirm a relationship between the use
of HC and acceleration of the disease (–),
consistent with results for SIV in monkeys (, ,
, ). Several recent systematic reviews have
concluded that HC methods do not appear to ac-
celerate HIV disease progression as measured by
mortality, time to initiation of antiretroviral therapy,
an increase in HIV-RNA viral load, or a decrease in
CD count (–). Although DMPA-IM is likely
to increase HIV- acquisition, the effects of damp-
ening systemic immune function on disease pro-
gression are difficult to predict and require further
investigation (). Some studies have indicated an
association between contraception (DMPA or COC)
and increased shedding of HIV- in the lower FGT
with a significant dose dependency on progestin levels
(, , ). Elevated levels of HIV- in the vaginal
fluid may be responsible for a higher probability of
women-to-men transmission, as indicated in some
studies for DMPA-IM (, ). The clinical, animal,
and ex vivo findings demonstrating the suppressive
effect of DMPA on systemic immune function (,
, , , , , ) suggest that disease
progression may be affected in some women on
DMPA-IM. The effects of dampening systemic im-
mune function () on disease progression are dif-
ficult to predict and require further investigation.

Table 6. Continued

Study Details Hormonal Exposure Measurements Summary of results Reference Note

Retrospective study of 682
women, examining16S
rRNA gene survey data
from subset of participants
from a larger microbiome
project

Women using single form of
birth control, either
condoms, COC, DMPA-
IM, or LNG-IUS

16S rRNA sequencing analysis
to determine bacterial
species, logistic regression
models to determine
H2O2-producing
lactobacilli, correlation
of lactobacilli to
contraceptive method,
age, ethnicity, STI status

Women using COC and
DMPA-IM, but not LNG-
IUS, were less likely to be
colonized with BV-
associated bacteria,
compared with women
who used condoms. COC
users were more likely to
be colonized by H2O2-
producing lactobacilli,
whereas women on
DMPA-IM and LNG-IUS
were not

(352)

Abbreviations: IUS, intrauterine system; POC, progesterone-only contraceptive.
aFor a detailed list and outcomes of studies conducted prior to 2013, please refer to systematic reviews and meta-analyses in these references.
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Public health
The most recent epidemiological data, together with
animal and ex vivo data on MPA, raise important
concerns about the use of DMPA in populations at
high risk for HIV- acquisition. Importantly, with-
drawal of DMPA from family planning programs
without offering an equally effective form of contra-
ception is not warranted, as it could result in a sharp
increase in unintended pregnancies, unsafe abortions,
and maternal and infant mortality and morbidity (,
, ). It is therefore critical to focus on the
identification of safe, effective, and affordable long-
term methods of contraception that could effectively
replace DMPA. Sufficient data on the effects on HIV-
acquisition are not available for other available forms
of HC, such as DMPA-SC or LNG-IUD. Replacement
of DMPA with condoms is not a solution, as it would
result in a substantial increase of unintended preg-
nancies and mortality due to high failure rates and
absence of negotiation power by women (). The
Evidence for Contraceptive Options and HIV Out-
comes trial will hopefully elucidate whether there is
a significant difference in HIV- acquisition risk be-
tween DMPA-IM, LNG-sub dermal implant, or Cu-
IUD; however it will not provide an answer regarding
the risk relative to no contraception due to the absence
of a control for no contraception. Any contraceptive
that increases HIV- acquisition by % to % (HR
.) could potentially have a major impact on the HIV-
 epidemic, particularly in Southern and Eastern
Africa (). Based on the available clinical, ex vivo, and

biochemical data, NET-EN represents a promising
alternative option to DMPA until more data are
available. There are no data suggesting NET-EN may
pose a significantly higher risk than COCs or implants
for HIV- acquisition. Furthermore, there is sub-
stantial evidence that NET exhibits differences in its
mechanisms of action compared to MPA, that are
likely to be relevant to HIV- acquisition.

Conclusions

Most high-quality clinical observational studies find
that the injectable progestin-only contraceptive
DMPA-IM increases the likelihood of HIV- acqui-
sition in women, unlike NET-EN and COCs con-
taining LNG. These observations are consistent with
the fact that individual progestins used in HC have
differential biological effects via specific steroid re-
ceptors and that estrogen may exert a protective an-
tiviral effect. They are also in accord with a large body
of clinical, animal, and ex vivo data on the biological
effects of MPA. Insufficient or no information is
available regarding the potential effect of other forms
of HC, including DMPA-SC, or non-HCs on HIV-
acquisition. Further investigation is needed in these
areas. There is substantial evidence for plausible bi-
ological mechanisms whereby MPA may increase
HIV- acquisition. Current clinical, ex vivo, and ani-
mal model evidence supports a role for MPA in in-
creasing the permeability of the FGT and promoting
HIV- uptake. There is strong evidence from clinical,
ex vivo, and mouse studies that MPA suppresses pDC
and T cell function and suppresses select regulators of
cellular and humoral systemic immunity (Fig. ; Tables
–). Similarly, there is strong clinical and experi-
mental animal data supporting a role for MPA in
increasing the frequency of HIV- viral targets in the
FGT and clinical and ex vivo evidence for increasing
the levels of the CCR coreceptor for HIV- entry.
Many of the previous mechanisms have been shown to
occur in animal and ex vivo experiments at concen-
trations in the range of peak and plateau serum
concentrations of MPA in DMPA-IM users. Although
inconsistent, the clinical data suggest that DMPA-IM
changes the expression of selected cytokines, che-
mokines, and innate defense factors in the FGT.
Most clinical studies suggest that no major changes
are exerted by DMPA-IM and other HCs on the
microbiome; however, this requires further inves-
tigation. More consistent methodology, exclusion of
possible confounding factors such as the character-
istics of microbiota, and a focus on likely regulators of
HIV- infection such as HBD, SLPI, RANTES, and
IFN-a may enhance the consistency between studies.
Some of the effects of DMPA-IM may be due to the
induction of hypoestrogenism; however, ex vivo data
indicate an important role for a direct effect of MPA.

Figure 4. Mean circulating estradiol levels in premenopausal
women on HCs. Mean circulating estradiol in (a) normal
premenopausal contracepting women (N = 78); (b–f)
premenopausal women using progestin-only contraceptives
(b, Mirena, N = 8625; c, Implanon, N = 1126; d, Jadelle, N = 8827;
e, NET-EN, N= 7323; f, DMPA,N=31); andnormal postmenopausal
women (g, N = 1446). The graphs represent mean values with
lines showing 95% confidence intervals (225). Reproduced
with permission from Wolters Kluwer Health.
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Where different progestins have been compared in
clinical and ex vivo human cell models, immuno-
suppressive effects were generally not observed with
equimolar NET, progesterone, and LNG. Collectively,
clinical, animal, and ex vivo studies are broadly con-
sistent and suggest that DMPA may increase HIV-
acquisition by increasing the permeability of the FGT,
increasing transcytosis of the virus via the FGT,
dampening select adaptive immune responses, in-
creasing the frequency and infectability of HIV-
target cells in the FGT, and increasing the rate of
HIV- replication in target cells. Some of these effects
do not occur with other progestins lacking GR activity
or with luteal phase progesterone concentrations. Ex

vivo data and receptor theory suggest that some of the
effects of MPA on HIV- acquisition are likely to
occur at MPA plateau concentrations and are not
likely to be ameliorated by administration of DMPA-
SC delivering a lower dose of MPA. The relative
contribution of different mechanisms for MPA is
unknown and requires further investigation. Taken
together, the data provide a compelling case against
the continuous use of DMPA in areas of high HIV-
prevalence provided other forms of safe, affordable,
non-HC or HC methods are readily available. Com-
bined evidence suggests that a focus on methods not
based on MPA or other progestins with GR activity
should become a priority.
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