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Abstract
The majority of the 15.4 million human immunodeficiency virus (HIV)–infected women
worldwide are of child-bearing age and need access to contraception. Hormonal methods of
contraception are safe, acceptable, and effective in preventing unwanted pregnancies. Many
published studies have examined the impact of hormonal contraception on HIV disease acquisition
and transmissibility. Far fewer have investigated the relationship between hormonal contraception
and HIV disease progression. This review examines available data on this relationship from
clinical, animal, and immunological studies. Several clinical studies suggest an overall effect but
are not definitive, and the mechanisms behind HIV disease progression are unclear. Animal and
immunological data suggest that immunomodulation by hormonal contraceptive methods may
affect the immune response to HIV infection. Additional work is needed in this area to elucidate
the possible relationship between hormonal methods for birth control and progression to acquired
immunodeficiency syndrome in HIV-infected women.

An estimated 15.4 million women are infected with HIV worldwide [1]. Most are in their
child-bearing years and need access to safe and effective contraception. Perhaps nowhere is
this need so great as in Africa, where birth rates are high and maternal mortality rates can
reach ≥ 1000 maternal deaths per 100,000 live births (100 times that observed in the
industrialized world) [2]. In addition, the World Health Organization and others have
identified effective contraception as a critical tool in the global effort to reduce the burden of
pediatric HIV infection. In 2006, as many as 1 million perinatal HIV infections were
prevented through provision of effective contraception in settings where HIV infection is
highly endemic [3].

HORMONAL MILIEU: PREGNANCY, CONTRACEPTION, AND MENOPAUSE
The normal female menstrual cycle is divided by ovulation into the 2 following phases: the
follicular phase, in which the maturing follicle produces estradiol to promote endometrial
growth, and the luteal phase, in which the developing corpus luteum secretes progesterone to
“stabilize” the endometrial lining and prepare it for implantation of a fertilized egg.
Hormonal methods of contraception work primarily by blunting the estrogen- and
progesterone-mediated feedback stimulation of follicle stimulating hormone and luteinizing
hormone, thus inhibiting ovulation.
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Hormonal methods differ mostly by their progesterone components and include oral
contraceptive pills (OCPs), injectable progestins, progesterone-containing intrauterine
devices, and progesterone implants. OCPs usually contain a combination of estrogen and
progesterone, with varying progesterone formulations and potency, but progesterone-only
formulations (known as the “mini pill”) are also available and are often prescribed to women
who are breast-feeding. The most commonly prescribed injectable method is depo-
medroxyprogesterone acetate (DMPA), which is given by intramuscular injection every 3
months.

The use of different types of contraception differs dramatically by region. In sub-Saharan
Africa, the 2 most common methods are both hormonal: oral contraceptive pills and
injectable progestins. HIV infection is not a contraindication for hormonal contraception,
although the clinician must be mindful of some drug interactions, particularly with certain
anti-retroviral agents.

Pregnancy is characterized by increasing levels of estrogens and progesterone, which
generally plateau during the third trimester. The available literature on whether pregnancy is
associated with HIV disease progression is somewhat conflicting, but in aggregate, it does
not suggest a substantial association [4]. Menopause is characterized by ovarian senescence
and, thereby, diminished secretion of estrogen and progesterone. Hormonal replacement
therapies aim to restore premenopausal levels of estrogen to avoid bone loss, vaginal
dryness, hot flashes, and other symptoms of menopause. Data on the impact of menopause
on HIV disease are limited; however, 1 study revealed no impact [5].

This article reviews the relevant literature to date concerning hormonal contraceptives and
HIV disease progression. We include clinical trials, animal studies, and mechanistic
inquiries regarding physiologic and immunologic characteristics. We also review the
currently understood pathogenesis of HIV disease progression in a model and postulate
potential effects that estrogens and progesterone may have on progression of HIV disease
through this model. Suggestions for future topics of investigation are presented.

HIV INFECTION ACQUISITION AND TRANSMISSIBILITY
Numerous studies have investigated the impact of hormonal contraception on HIV infection
acquisition [6], and the 2 largest and most well executed of them yielded conflicting results.
The Mombasa cohort enrolled 1498 HIV-uninfected women and followed up with them
monthly [7]. That study is particularly valuable because women were seen frequently. This
made it possible to define precisely both the timing of HIV infection acquisition and the
contraceptive exposure at the time of seroconversion (this can be difficult because of the
frequency of method switching). In the Mombasa study, women who used DMPA (hazard
ratio, 1.8; 95% CI, 1.4–2.4) or OCPs (hazard ratio, 1.5; 95% CI, 1.0–2.1) had a higher risk
of acquisition of HIV infection, compared with women who did not use contraception. In
another large, recent prospective study involving > 6000 HIV-uninfected women in Kenya
and Zimbabwe, a relationship between HIV infection acquisition and hormonal
contraception was not observed [8]. However, in that study, reported condom use did not
correlate with the incidence of HIV infection; thus, the study’s overall interpretation was
difficult.

A significant amount of attention has been given to the relationship between hormonal
contraception and sexually transmitted infection acquisition. Women in the Mombasa cohort
who used DMPA were much more likely to acquire Chlamydia trachomatis infection
(hazard ratio, 3.1; 95% CI, 1.0–9.4) but not Neisseria gonorrhea infection, compared with
women who did not use contraception [9]. In a study consisting of a US adolescent
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population of 97 women, the authors observed an increased odds of C. trachomatis infection
(adjusted OR, 5.44; 95% CI, 1.25–23.6) among women who used DMPA, compared with
women who used nonhormonal contraception [10].

A related issue for which data exist is the relationship between hormonal contraception and
HIV infection transmissibility (typically measured through the surrogate of cervicovaginal
shedding of cell-free or cell-associated virus). At least 3 studies have examined the impact
of hormonal contraception on cervical shedding of cell-associated virus (measured by PCR
detection of viral DNA in cervicovaginal secretions). All 3 studies demonstrated a positive
relationship [11–13]. In a study involving 318 patients that was conducted in Kenya, Mostad
et al. [12] revealed a dose-response effect of hormonal contraception on cervical shedding of
HIV DNA. Compared with women who did not use contraception, women prescribed high-
dose OCPs (an older formulation that contained higher doses of estrogen than are commonly
used today) were 12.3 times more likely to shed virus, women prescribed low-dose OCPs
were 3.8 times more likely to shed virus, and women prescribed DMPA were 2.9 times more
likely to shed virus [12].

HORMONAL EFFECTS ON DISEASE PROGRESSION
Several important studies derived from simian models have influenced our current thinking
about hormonal contraception and HIV disease progression. Marx et al. [14] exposed 18
macaques to progesterone-releasing pellets and 10 macaques to no progesterone (the control
macaques) before vaginally inoculating both groups with simian immunodeficiency virus
(SIV). Interestingly, 14 of the 18 progesterone-treated macaques acquired SIV infection, and
only 1 of the 10 control macaques became infected. In addition, 3 of 18 SIV-infected
macaques in the progesterone group experienced rapid progression to AIDS, compared with
none of the 10 control macaques. Finally, the progesterone-treated macaques had higher
viral loads during the first 3 months of infection.

Trunova et al. [15] performed a similar study in which macaques that were either DMPA
treated or DMPA naive received varying inoculations of CXCR4–simian-HIV and CCR5–
simian-HIV. The DMPA-treated group showed a significantly higher mean peak and acute
viral load 1–4 weeks after infection. In addition, the DMPA-treated macaques acquired a
more genetically diverse population of simian HIV and had higher concentrations of
CXCR4-tropic virus soon after infection, compared with the DMPA-naive macaques (a
change in co-receptor use from CCR5 to CXCR4 correlates well with disease progression in
humans [16]). The authors reported no difference in antibody production between DMPA-
treated and DMPA-naive macaques; however, cellular immune response rates (using INF-γ
production as a marker) were slower among the DMPA-treated macaques than among the
DMPA-naive macaques.

Abel et al. [17] revealed that a live attenuated virus vaccine for SIV in Rhesus macaques
was less effective after treatment with DMPA. DMPA-treated macaques showed a
significant decrease in vaccine protection and higher acute viral loads after intravaginal
challenge. Similar to the findings of Trunova et al. [15], all of the DMPA-treated macaques
lost previously demonstrated HIV-specific T cell INF-γ responses 1 week after receiving
DMPA.

Four major clinical studies involving humans addressed the issue of HIV disease
progression in the context of hormonal contraception. In the aforementioned Mombasa
cohort, women using DMPA at the time of HIV infection acquisition had a 2-fold higher
viral load set point than did women who did not use contraception (increase in viral load,
0.33 log10 copies/mL; P = .03) [7]. Viral load set point, which is typically established ~16
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weeks after acquisition of infection, is highly predictive of the rate of HIV disease
progression [18]. In a separate article involving this same cohort, Lavreys et al. [19]
revealed that women with high viral load set points were more likely to die. In addition,
compared with women who were not using contraception, women using hormonal
contraception (DMPA or OCPs) were >2 times more likely to have multiple viral variants
detected shortly after acquisition of infection, which in turn was associated with higher viral
load set points (4.84 log10 copies/mL vs. 4.64 log10 copies/mL) and lower median CD4+ T
cell counts (416 cells/μL vs. 617 cells/μL; P = .01) 4–24 months after acquisition of
infection and with a faster rate of CD4+ T cell depletion over time [7, 19].

A randomized trial involving 599 postpartum HIV-infected women in Lusaka, Zambia,
compared the copper intrauterine device with hormonal contraception (user choice of OCPs
or DMPA) [20]. In that trial, women randomized to receive hormonal contraception were
more likely to experience HIV disease progression than were those who used the intrauterine
device (however, this outcome was an unanticipated finding and not the primary purpose of
the clinical trial). Disease progression was defined separately as death and/or decrease in
CD4+ T cell count to <200 cells/mm3. Women who received hormonal contraception were
more likely to die or experience a decrease in CD4+ T cell count (hazard ratio, 1.5; 95% CI,
1.1–2.3) than were women randomized to use the intrauterine device. This study’s patient
population differed from that of the Mombasa cohort; all women were enrolled during the
post-partum period after having been identified through perinatal HIV infection prevention
programs. Thus, all had established infections. Unfortunately, viral load data are not
available from the Zambian trial.

Two other studies were published that did not observe a relationship between hormonal
contraception and HIV disease progression. A subanalysis of the Women’s Interagency
Health Study [21], a large longitudinal cohort of HIV-infected women, compared 177
women receiving hormonal contraception with 544 women not receiving contraception. This
subanalysis reported a small increase in CD4+ T cell count in HIV-infected women using
hormonal contraception (mean increase over 13 months, 27.6 cells/μL) and no change in
viral load over time. Limitations of this analysis are that contraceptive exposure was
obtained through self-report at baseline, and the extremely common practice of switching
contraceptive methods was not reported.

Richardson et al. [22] conducted a prospective cohort study composed of recently
postpartum women in Kenya to characterize determinates of disease progression. An
analysis of hormonal contraception and disease progression included 41 women exposed to
OCPs, 43 exposed to DMPA, and 109 who were not exposed to hormonal contraception.
The analysis used multivariate linear mixed effects models and Loess regression to compare
the effect of these exposures on CD4+ T cell count and viral load over 24 months of follow-
up. The study found no statistically significant changes in viral load or CD4+ T cell count
that could be attributed to contraceptive exposure.

Most of the patients in the aforementioned clinical studies were not receiving antiretroviral
therapy. Presumably, women receiving antiretroviral therapy who are experiencing viral
suppression would not be adversely affected by factors that might accelerate disease
progression in untreated women.

POTENTIAL MECHANISMS
A variety of mechanisms could explain the apparent effects of hormonal contraception on
HIV infection acquisition and disease progression. Besides the more-global indicators of
disease progression (i.e., viral replication and CD4+ T cell depletion), other markers of
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disease progression are found in the literature. These include infection with genetically
heterogeneous viral populations [23]; higher expression of activation markers, such as CD38
and CD69 in both CD4+ and CD8+ T cells [24]; dominance of a Th2 cytokine profile that
increases humoral response at the expense of cellular response [24]; and accumulation of
regulatory CD4+ T cells in lymphoid tissue [25]. Senescence of CD8+ T cells has also been
suggested, although this has not been sufficiently investigated [26, 27]. Estrogen and
progesterone have been shown to affect many of these indicators and, therefore, may
influence the immune response to HIV infection (table 1).

Figure 1 presents 1 model of pathogenesis of HIV infection. After viral entry, the initial
immune response to HIV infection occurs in mucosal lymphoid tissue, where plasmacytoid
dendritic cells secrete various cytokines that stimulate CD4+ T cell activation. These
activated CD4+ T cells proliferate in response to HIV antigens and also become susceptible
to HIV infection themselves (unactivated CD4+ T cells are less susceptible to infection).
Activated CD4+ T cells differentiate into 1 of 3 different phenotypes (Th1, Th2, or Th17).
The Th1 immune response is characterized by more-potent clearing of HIV-infected cells
(by NK cells and CD8+ T cells). A Th2 response involves increased B cell production of
HIV-specific antibodies. These can reduce plasma viral load in chronically infected patients
but do not systemically control the virus [32, 33]. Recently, another subset of CD4+ T cells
that secrete IL-17 (the “TH17 cell”) was described. These CD4+ T cells are thought to be
important for the control of extracellular bacterial pathogens but may also be an important
determinant in HIV infection pathogenesis during early infection [34, 35]. Interestingly, 4
separate groups of authors recently demonstrated that acute infection with HIV or SIV is
characterized by the loss of TH17 cells—a finding that has not been seen in African green
monkeys with natural SIV infection [36–39]. The role of the different subsets of CD4+ T
cells in HIV infection is complex, but it is possible that hormonal contraception modifies the
cytokine responses of these cells, thereby affecting subsequent immune control of HIV
infection, as well as disease progression.

Finally, accumulation of regulatory CD4+ T cells in lymphoid tissue has been associated
with increased rate of disease progression [25]. This is caused in part by indolamine 2,3-
deoxygenase secretion from plasmacytoid dendritic cells [40] (Th17 may also play a role
[35]). CD8+ T cell senescence has not been tied to indolamine 2,3-deoxygenase, but it has
been observed that highly differentiated CD8+ T cells in a senescent state accumulate in
HIV-infected individuals over time [41]. It is likely that CD8+ T cell senescence also affects
HIV disease progression [26, 42]. Estrogen and progesterone receptors are found on many
cells involved in the immune response, such as CD4+ and CD8+ T cells, B lymphocytes,
monocytes, and neutrophils [43, 44], providing possible mechanisms for hormonal
modulation of the immune response to HIV infection. Because both virus and hormones
affect the immune response, susceptibility to HIV infection and HIV disease progression are
difficult to separate and, indeed, may be linked. The initial condition of the immune system
in women who are infected while using hormonal contraception may affect variables that
have long-term consequences for disease progression, including viral load set point, acute
CD8CD38, and infection with multiple viral variants. Future research will need to address
how hormonal contraception affects acute versus chronic infection in the context of disease
progression. In the next 2 sections of this article, we review the known effects of
progesterone and estrogen on the immune system and attempt to illustrate potential areas of
future research.

PROGESTERONE EFFECTS
Hughes et al. [31] demonstrated that progesterone inhibits secretion of INF-α from dendritic
cells. Although this effect is counteracted quickly by other sources of INF-α, it is critical to
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indicate that certain micropeptides are inhibited by progesterone and that INF-α and
indolamine 2,3-deoxygenase have specific effects on HIV infection that could be affected, to
a larger extent, by progesterone and estrogen. This provides direction for future research.
Progesterone also causes a shift toward a Th2 cytokine response through suppression of
INF-γ, IL-12, IL-1β, and IL-6 [15, 17, 28]. As discussed previously, a shift toward a Th2
humoral response means a shift away from a Th1 cell–mediated response, weakening the
mechanism for clearance of HIV-infected CD4+ T cells. Other studies have revealed that
progesterone down-regulates CD8+ T cell cytotoxic activity through progesterone-induced
blocking factor, which suppresses perforin (a cytotoxic agent) [45, 46]. Suppression of
CD8+ T cell cytotoxicity could theoretically decrease the rate of removal of infected CD4+ T
cells, possibly slowing disease progression; however, a decrease in CD8+ T cell cytotoxic
activity could also allow uncontrolled replication of HIV-infected CD4+ T cells and
potentially lead to further disease progression. Enomoto et al. [28] noted that progesterone
decreased CD69 activation marker expression on CD8+ T cells, potentially affecting their
ability to kill infected CD4+ T cells, but the interaction between progesterone and CD25 and
CD38 has not been studied. The effects of progesterone on the development of cellular
senescence have also not been studied.

The overall effects that progesterone have on the immune system suggest that the initial
response to HIV infection could be attenuated, possibly leading to titers of circulating virus
during acute infection or higher viral set points. DMPA has been shown to affect naturally
occurring vaginal barriers, such as Lactobacillus species, thus increasing susceptibility to
other sexually transmitted infections and, potentially, to infection with multiple HIV strains
(which correlates with a higher viral set point) [7]. These effects suggest an immediately
suppressed antiviral response at the time of acquisition of infection; however, discrete
effects on chronic infection have not been elucidated.

ESTROGEN EFFECTS
Like progesterone, estrogens affect the immune system [47]. When estradiol concentrations
are low, human T cells induce a Th1 response, and high concentrations induce a Th2
response [29, 30, 48]. Enomoto et al. [28] revealed that, at concentrations achieved with use
of hormonal contraception, estrogens suppress a Th1 response by decreasing levels of INF-
γ, IL-2, and IL-6. No effect was observed on the CD4+ or CD8+ T cell activation marker
CD69, and the effect on CD38 has not been reported. Investigators have also revealed that
estrogens directly stimulate HIV-1 replication in T cells through estrogen receptor α [49].
These mechanisms have the potential to increase viral load and, therefore, the numbers of
infected T cells. This perhaps explains some of the clinical results revealing higher cervical
viral shedding in OCP users than in DMPA users [12].

Estrogens have been shown to inhibit T cell migration to HIV-infected tissue [50]. OCP use
seems to increase both the number of T cells expressing CCR5 and the density of CCR5
receptors on each T cell [51, 52]. Because CCR5 is a required coreceptor for viral entry, this
effect may be particularly important at the time of infection, when HIV-specific depletion of
CD4+ T cells is prominent [53, 54]. The effects of estrogens on the development of cellular
senescence have not been studied.

SUMMARY
In 2 large clinical studies, hormonal contraception was associated with more-rapid CD4+ T
cell depletion (a sine qua non of HIV disease progression); however, in other studies, this
phenomenon was not observed. In addition, no published reports to date have revealed a
substantial and sustained effect of hormonal contraception on viral load. How hormonal
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contraception might cause more-rapid depletion of CD4+ T cells without affecting plasma
viral load is unclear. However, there is abundant evidence from the laboratory that the
interactions between sex steroids and the immune system are complex and likely involve
interactions at any number of points along the HIV lifecycle. Our review of the literature
suggests that critical discoveries are yet to be made regarding hormonal contraception and
the pathogenesis of HIV infection. Missing data include the effects of hormonal
contraception on cellular activation (CD38 and CD25), cellular senescence (CD57, ki-67,
and IL-17), and mucosal immunity (INF-α, indolamine 2,3-deoxygenase, and accumulation
of regulatory CD4 T cells) at the concentrations achieved with hormonal contraception.

Access to safe and effective contraception is of utmost importance worldwide, especially in
countries with a high prevalence of HIV infection, where every prevented undesired
pregnancy could also represent a case of avoided perinatal HIV infection or maternal
mortality. There is obvious need to promote the use of effective nonhormonal methods, such
as the intrauterine device, which recent data suggest is very safe in HIV-infected women.
However, hormonal contraceptive methods remain the most popular contraceptive methods
in many parts of sub-Saharan Africa. It is therefore essential to understand their impact on
HIV disease, especially in women not yet eligible to receive antiretroviral therapy.
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Figure 1.
Potential effects of hormonal contraception on the pathogenesis of HIV infection. Arrows
pointing down indicate decreases in immune response, arrows pointing up indicate increases
in immune response, and question marks indicate unknown effects. The boxed sections
denote processes in which hormonal effects may be significant. E, estrogens (effects of E on
immune responses are shown in blue); IDO, indolamine 2,3-deoxygenase; P, progesterone
(effects of P on immune response are shown in red).
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Table 1

Effects of estrogen and progesterone on various markers of HIV disease progression.

Marker

Effects

Estrogen Progesterone (reference[s])

CD4+ T cell counta Conflicting results Decrease ([7, 20]); no effect ([21, 22])

Viral loada Unknown No effect ([21, 22])

Viral load set pointa Unknown Increase ([19])

Cytokine profilea Th2 level > Th1 level Th2 level > Th1 level

INF-γ level Decrease with high doseb; increase with low
dosec

Decrease

IL-2 levelb Decrease No effect

IL-6 levelb Decrease Decrease

IL-10 leveld Increase No effect

IL-12 levelb No effect Decrease

IL-1β levelb No effect Decreaseb

Chemokine receptors Increase in CCR5 Unknown

Activation markersa No effect on CD69b; unknown for CD38 and
CD25

CD69 decrease on CD8+ T cellsb; unknown for CD38 and CD25

Viral variantsa Unknown Increased heterogeneity ([16, 19])

Senescent T cellsa Unknown for senescent CD4+ T cells; unknown
for senescent CD8+ T cells

Unknown for senescent CD4+ T cellsa; un-known for senescent
CD8+ T cells

Innate immunity Early slight decrease in INF-α secretione Early pronounced decrease in INF-α secretione

Vaginal physiology Increased cervical viral shedding [12]; unknown Increased cervical viral shedding ([12]); increased prevalence of
Chlamydia infection ([10])

a
Markers associated with disease progression in the literature.

b
In human patients, ex vivo for varicella zoster virus–stimulated cytokine secretion in HIV-infected patients [28].

c
Mouse menstrual hormone levels [29].

d
Estradiol effects on human CD4+ T cell count [30].

e
In mouse models, significant during first 10 h of infection [31].
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