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a b s t r a c t

A recent study showed that progestogen-only injectable hormonal contraception (POIHC) doubles the
risk of HIV transmission. This may affect contraceptive use and HIV-related outcomes, if women switch
away from POIHC. A deterministic compartmental model of individuals aged 15e49 distinguishing
gender and HIV status was used to simulate various contraceptive use scenarios. We specifically tracked
HIV prevalence, new infections, HIV-related deaths, vertical transmission, and births over a 15-year
period for five African countries. Stopping POIHC use will result in a large increase in births and verti-
cal transmission. Switching from POIHC to other contraceptives limits these increases while still
improving HIV outcomes.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

1Injectable hormonal contraception is the preferred form of
contraception in many sub-Saharan countries representing 8.1%e
28.4% of the contraceptive use in the countries we consider [1]. A
shot provides two to three months of protection depending on the
type. There are two types of progestogen-only injectable hormonal
contraception (POIHC): depot-medroxy progesterone acetate
(DMPA) and norethisterone enanthate (NET-EN). DMPA is the most
widely used progestin-only injectable [2]. More than 12 million
women in Africa use DMPA for pregnancy prevention [3]. POIHC is
highly effective in preventing pregnancies compared to other
methods, and it has a .3% risk of failure with perfect use and a 3%
risk with typical use [4].

However, some observational studies (the earliest from 1991
[4]) link the use of certain contraceptives with an increased risk of
HIV acquisition [2,5e12]. Most studies focus on combined oral
contraceptives (COCs) and/or POIHC (including DMPA and NET-EN).
There is limited data on the potential relationship between HIV
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risks and other hormonal contraceptive methods such as implants,
vaginal rings, or intrauterine devices (IUD). Studies involving NET-
EN did not conclude any significant relationship between NET-EN
use and HIV risk [12,13].

On the other hand, there is evidence that DMPA increases HIV-
acquisition and transmission risk. Clinical and laboratory studies
suggest several possible biological reasons including vaginal
structural changes, higher cervicovaginal HIV shedding and higher
number of inflammatory cells in cervicovaginal fluid [14]. A recent
study of HIV-1-serodiscordant couples in Africa (Botswana, Kenya,
Rwanda, South Africa, Tanzania, Uganda, and Zambia) by Heffron
et al. suggests that DMPA may double the risk of HIV infection for
women [2]. Subsequent meta-analyses also find increased HIV
acquisition risk for women using DMPA [15,16]. In addition, Heffron
et al. is the only study directly looking at the relationship between
POIHC and HIV transmission risk, and find that this rate is doubled.
They observed increased concentrations of HIV-1 RNA in endocer-
vical secretions from HIV-1 infected women using injectable con-
traceptives as the potential cause for the increased risk of HIV
transmission [2].

Results from this study caused debate among healthcare pro-
viders and policy makers. The previous recommendation of the
World Health Organization (WHO) did not have any restrictions on
the use of hormonal contraceptives [17]. Even though the WHO
kept its policy recommendation, it recommended that women us-
ing POIHC should get dual protection for HIV and pregnancy by
using female or male condoms in addition to POIHC [18,19].
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Fig. 1. Compartmental model.

K. Yagci Sokat, B. Armbruster / Socio-Economic Planning Sciences 52 (2015) 1e92
While there is no consensus about the exact effect of POIHC on
HIV risk, these studies may lead to changes in public health pro-
grams for family planning. Especially, in African countries with high
prevalence of both POIHC use and HIV, governments may advise
women to quit using POIHC or to switch to other methods.
Switching from POIHC to other forms of contraception may reduce
HIV infections. On the other hand, decreased use of these contra-
ceptives may cause an increase in unintended pregnancies and
higher mother-to-child transmission (vertical transmission) of HIV.
This of course depends on the type of contraception because male
condoms, for example, are also recognized as a way of controlling
the HIV epidemic, preventing HIV infection among adults, and
preventing mother-to-child HIV transmission [20].

In this article, we model the population level impact of the
potential association of POIHC with increased HIV risk. We predict
the effect of potential changes in DMPA use on childbirths, vertical
transmission, HIV infections and prevalence in different countries
in sub-Saharan Africa for a variety of scenarios of changes in con-
traceptive use. The remainder of this paper is organized as follows.
Section 2 presents the model. Section 3 provides numerical results,
and section 4 discusses these results. Section 5 concludes the paper
with final remarks.

2. Methods

2.1. Model

The population we consider is adults aged 15e49. We use a
deterministic compartmental model of HIV spread. We select
Kenya, Zambia, South Africa, Rwanda and Botswana for our study.
These are the same countries that Heffron et al. studied except that
we omit Uganda and Tanzania as their prevalence is similar to
Kenya's (6.5%, 5.6%, and 6.3%, respectively), which we do include.
Contraceptive use information was not available for Tanzania and
overall contraceptive use was lower in Uganda (23.7%) than in
Kenya (45.5%).

The WHO states that the risk of HIV transmission due to POIHC
is more important for countries where women have a high risk of
acquiring HIV; where hormonal contraceptives (especially POIHC)
count for a significant portion of all modern methods used; and
where the maternal mortality rate (MMR) is high [17]. These
countries are in sub-Saharan Africa where the majority of women
with HIV in the world reside [21]; where POHIC represents from
20% to almost 60% of all modern methods of contraception [1]; and
where the MMR is mostly higher than the global average. The
MMRs of Kenya, Zambia, South Africa, Rwanda, and Botswana are
413, 603, 237, 383 and 513 per 100,000 live births respectively
while the global average is 251 per 100,000 live births [22]. In
addition, Kenya, Zambia, South Africa, Rwanda, and Botswana
display variety in the levels of HIV prevalence and in the usage of
different contraceptives.

We assume all transmission is heterosexual and divide the adult
population into four compartments by gender and HIV status. We
assume that the ratio of women to men is one, since the actual ratio
is quite close.We also assume that contraceptive use does not affect
the progression of HIV in an HIV-infected female [17]. Fig. 1 illus-
trates the compartmental model and Table A.1 in the Appendix
summarizes the notation used.

Below are the differential equations (Eqs. (1)e(7)) that fully
specify the model. Here N is the size of our population; If and Im are
the number of infected females and males in the population; and Sf
and Sm are the number of susceptible females and males in the

population. Note that IfþSf¼ ImþSm¼N/2,
�
1� Im

N=2

�
¼ Sf =N, and

1� Im
N=2 ¼ Sm=N. .he first two equations describe the rate of new
infections; the third equation describes the overall population
growth; and Eqs. (4)e(6) describe outcomes of interest:

_If ¼ �gIf þ bf Im

�
1� If

N=2

�
(1)

_Im ¼ �gIm þ bmIf

�
1� Im

N=2

�
(2)

_N ¼ aN (3)

_J ¼ bf Im

�
1� If

N=2

�
þ bmIf

�
1� Im

N=2

�
(4)

_V ¼ dIf (5)

_B ¼ fN (6)

The four outcomes we track are the cumulative number of in-
fections since the start of the simulation, J, (not the current number
of infected); the cumulative number of cases of vertical trans-
mission (i.e., mother-to-child transmission), V; the cumulative
number of births, B; and the HIV prevalence at the end of the
simulation. The time horizon we look at, 15 years, is short enough
that infants infected vertically do not enter the adult population in
our model, allowing us to assume that individuals enter the pop-
ulation uninfected.
2.2. Scenarios of future contraceptive use

To compare different levels of contraceptive use, we track the
fraction using POIHC, IUD, female condoms (FC), vaginal micro-
bicides (VM), male contraceptives (condoms) (MC), oral contra-
ceptive pills (OCP), no contraception (NON), and other forms of
contraception (such as vaginal barrier methods) (OTH). We include
vaginal microbicides even though they do not prevent pregnancy,
because they do prevent HIV infection. We assume that OTH do not
affect HIV transmission. We do not consider couples using multiple
forms of contraception simultaneously because that is not common
[23]. Overall, we consider methods only preventing pregnancy
(POIHC, IUD, OCP and OTH), methods only preventing HIV (VM),
and dual protection methods which refers to methods that prevent
both HIV and pregnancy (MC and FC).

We consider various scenarios of future contraceptive use. A
scenario P¼ (pPOIHC, pIUD, pFC, pVM, pMC, pOCP, pOTH, pNON) is a vector
that tracks the fraction using each type. For example, the scenario
(10%, 2%, 1%, 3%, 1%, 5%, 20%, 55%) has 10% of females using POIHC,
2% of females using IUD, 1% of females using FC, 3% of females using
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VM, 1% of males using MC, 5% of females using OCP, 20% of females
using other forms of contraception, and 55% of couples using no
contraception. Our sources do not directly give the fraction using
other forms of contraception (OTH) so we calculate this from the
fact that the components of P sum to 100%.

We consider six different scenarios in addition to a baseline (i.e.,
status quo) scenario and then look at the various outcomes over a
15-year horizon. We assume that sexual behavior does not change
beyond these explicit changes in contraceptive use detailed in the
following scenarios. Thus, our analysis does not consider self-
selection of one type of contraceptive over another or why people
switch from one form to another. The baseline scenario (scenario 0)
represents the current situation and corresponds to vector P0 of
contraceptive use and its values are given in Table 1 for various
countries. Scenarios 2e6 consider five alternative futures: in each,
the population switches to a different distribution of contraceptive
use. Since changing behavior takes time [24], whether due to a
public health campaign or not, we assume that in scenarios 1e5,
Table 1
Parameters.

Parameter Value

Kenya

Initial female prevalence, 2If/N (%) 7.15
Initial male prevalence, 2Im/N (%) 5.1
Annual population growth rate, a (%) 2
Annual mortality rate of HIVþ (deaths per year), g .0477
Contraceptive use in status quo, P0 (%)a

POIHC 21.6
IUD 1.6
FC 0
VM 0
MC 1.8
OCP 7.2
OTH 13.3
NON 54.5

Relative risk of contraceptives on female infection rate, xfi
b

POIHC 1.5
IUD 1
FC .24
VM .46
MC .2
OCP 1
OTH 1
NON 1

Relative risk of contraceptives on male infection, xmi
POIHC 2
IUD 1
FC .24
VM 1
MC .2
OCP 1
OTH 1
NON 1

Risk reduction of a birth control method for pregnancy, (1 � ci) (%)
POIHC 97
IUD 99.2
FC 79
VM 15
MC 85
OCP 92
OTH 70
NON 15

Percentage of pregnant females on ART, pART (%) 73
Vertical transmission probability (%)
When HIV þ mother is on ART, p 5
When HIV þ mother is not on ART, p0 26
Current annual birth rate (per 1000), t 31.93

a Acronyms: Progestogen-only injectable hormonal contraception (POIHC), IUD, femal
pills (OCP), other forms of contraception (OTH), and no contraception (NON).

b Even though VM is not a contraceptive method, it is included in the study for its pro
the contraceptive use switches from the current levels after one
year. Note that in scenarios 2, 5, and 6, the total fraction of the
population using any kind of protection does not change. In the
other scenarios, the total fraction using protection may be signifi-
cantly less than in the baseline except for Botswanawhere the total
contraceptive use increases slightly.

Scenario 0 (Baseline): Current contraceptive use. P0¼ (p0,POIHC,
p0,IUD, p0,FC, p0,VM, p0,MC, p0,OCP, p0,OTH, p0,NON),
Scenario 1 (POIHC to NON): After one year, all POIHC users stop
using POIHC and switch to NON. P1¼ (0, p0,IUD, p0,FC, p0,VM, p0,MC,
p0,OCP, p0,OTH, p0,NON þ p0,POIHC),
Scenario 2 (POIHC to OTH): After one year, all POIHC users stop
using POIHC and switch to OTH. P2¼ (0, p0,IUD, p0,FC, p0,VM, p0,MC,
p0,OCP, p0,OTH þ p0,POIHC, p0,NON),
Scenario 3 (POIHC to IUD&MC): After one year, POIHC use drops
50%, IUD use increases 25%, and MC use increases 25%. The
remaining individuals switching from POIHC will not use any
Source

Zambia South Africa Rwanda Botswana

13.10 21.35 3.22 25.09 [37]
12.3 14.4 2.6 20.09 [37]
2 2 2 2 [30]
.0477 .0477 .0477 .0477 [27e29]

[1]
8.5 28.4 15.2 8.1
0.1 1 0.2 1.7
0 0 0 0
0 0 0 0
4.7 4.6 1.9 15.5

11 0.9 6.4 14.3
16.5 15 12.7 4.8
59.2 40.1 63.6 55.6

[18,33,4,34]
1.5 1.5 1.5 1.5
1 1 1 1
.24 .24 .24 .24
.46 .46 .46 .46
.2 .2 .2 .2

1 1 1 1
1 1 1 1
1 1 1 1

[2,33,4,34]
2 2 2 2
1 1 1 1
.24 .24 .24 .24

1 1 1 1
.2 .2 .2 .2

1 1 1 1
1 1 1 1
1 1 1 1

[4]
97 97 97 97
99.2 99.2 99.2 99.2
79 79 79 79
15 15 15 15
85 85 85 85
92 92 92 92
70 70 70 70
15 15 15 15
69 88 65 95 [27]

5 5 5 5 [35]
26 26 26 26 [36]
43.51 19.32 36.14 22.02 [32]

e condoms (FC), vaginal microbicides (VM), male condoms (MC), oral contraceptive

tective effect on HIV transmission.
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form of contraception. P3¼ (0.5p0,POIHC, 1.25p0,IUD, p0,FC, p0,VM,
1.25p0,MC, p0,OCP, p0,OTH, p0,NONþ(0.5p0,POIHC-0.25p0,IUD
-0.25p0,MC)),
Scenario 4 (POIHC to MC): After one year, POIHC use drops 50%
and MC use increases 50%. The remaining individuals switching
from POIHC will not use any form of contraception.
P4¼ (0.5p0,POIHC, p0,IUD, p0,FC, p0,VM, 1.5p0,MC, p0,OCP, p0,OTH,
p0,NONþ(0.5p0,POIHC-0.5p0,MC)),
Scenario 5 (POIHC to FC): After one year, 25% of POIHC users
switch to FC. P5¼ (0.75p0,POIHC, p0,IUD, p0,FCþ0.25p0,POIHC, p0,VM,
p0,MC, p0,OCP, p0,OTH, p0,NON),
Scenario 6 (POIHC to VM): After five years, 25% of POIHC users
switch to VM. P6¼ (0.75p0,POIHC, p0,IUD, p0,FC, p0,VMþ0.25p0,POIHC,
p0,MC, p0,OCP, p0,OTH, p0,NON).

We have no basis upon which to predict the future prevention
behavior in these countries. We choose these scenarios because
they cover a variety of possibilities of what might happen. They
allow for the continued use of POIHC; users ceasing to use any
contraceptives; and users switching to other contraceptives,
including a new HIV prevention method (VM). They also cover the
possibility of a net decrease in the number of people using
contraception. We should note that these are scenarios rather than
explicit interventions. We do not consider costs; the feasibility of
achieving a particular scenario using a public health campaign; or
try to determine the optimal distribution of contraceptive that such
a campaign should aim for. Changing behavior on a national level
has all kinds of difficulties that are hard to model [25].
2.3. Parameter values

For the HIV acquisition risk, Heffron et al. find that DMPA dou-
bles it [2], and subsequent meta-analyses find a 1.5-fold [15] and a
1.4-fold [16] increase. We use 1.5 because [15] surveys 18 studies
while [16] considers only 10 studies. For HIV transmission risk,
Heffron et al. is the only study directly measuring the impact of
POIHC on it [26], and so we use its finding that the risk is doubled.

We assume that 65% of eligible individuals receive antiretroviral
therapy (ART) [27]; that the life expectancy without ART is 11.6
years after HIV infection [28]; and that the life expectancy with ART
is 37 years after HIV infection [29]. We obtain the HIV-related
mortality rate of the population, g ¼ 35%(1/11.6year) þ 65%(1/
37year), by taking aweighted average of the rates with andwithout
ART. Equations 8e16 below describe how to calculate for a scenario
P the four model parameters bf, bm, 4, and d, which are not given
directly in Table 1. Here bf and bm are the infection rates for females
andmales, 4 is the total birth rate, and d is the vertical transmission
rate.

xff ¼ x
f
IHCpIHC þ x

f
VMpVM þ x

f
FCpFC þ 1ðpIUD þ pOTH þ pNONÞ (7)

xmf ¼ x
f
MCpMC þ 1ð1� pMCÞ (8)

bf ¼ b0f xff xmf (9)

xmm ¼ xmMCpMC þ 1ð1� pMCÞ (10)

xfm ¼ xmIHCpIHC þ xmFCpFC þ 1ð1� pIHC � pFCÞ (11)

bm ¼ b0mxmmxfm (12)

c ¼
X
i

cipi (13)
4 ¼ c40 (14)

v ¼ pARTpþ ð1� pARTÞp0 (15)

d ¼ v4 (16)

We calculate bf, bm, and 4 by multiplying risk-adjustment fac-
tors with the values these parameters take with no contraception,
b0f, b0m, and 40. Specifically, we calculate the HIV infection rate of
women,bf, in Eqs. (7)e(9) bymultiplying b0f by xff and xmf, xmf t risk-
adjustment factors for female contraception (POIHC, VM, and FC)
and male condoms, respectively. These risk adjustment factors are
weighted sums of the risk-reduction for female (male) infection
due to each form of contraception, for example the risk reduction of
MC for female (male) infection, xfMC ðxmMCÞ, weighted by the use of
MC, pMC. Similarly, we calculate in Eq. 10e12 the HIV infection rate
of men, bm. In Eq. 13 and 14, we calculate the birth rate, 4, by
multiplying 40 with the relative risk of pregnancy, c. This relative
risk is again a weighted sum of the effectiveness of each form of
contraception [4]. We calculate the rate of vertical transmission, d,
by multiplying the risk of vertical transmission per birth, v, by the
birth rate 4 (Eq. 15 and 16. The risk of vertical transmission is p if
the mother is on ART and p0 without any treatment or intervention.
Thus, we calculate the risk of vertical transmission, v, as a weighted
sum of p and p0 weighted by the percentage of the HIV þ pregnant
females who are on antiretroviral drugs, PART [30].

We choose the remaining parameters, b0f, b0m, and 40, so that
the above equations give the current values of bf, bm, and 4 for the
status quo scenario, P0. We fit the base contact rates b0m and b0f for
each country such that (a) the infection rate for females is twice
that of males, b0f¼ 2b0m [31]; and (b) that the ratio of the simulated
prevalence at year 5 to the starting prevalence matches the ratio of
the prevalence in 2012 to the prevalence in 2007. To determine 40,
we first calculate the risk of being pregnant, c, under. We then look
up the current birth rate, t [32], and using Eq. 13 and 14 set. Table 1
gives the parameter values and Table A.2 in the Appendix shows
the calculated values of the parameters we discussed above for the
baseline scenario. To validate the model, Appendix Fig. A.1 com-
pares the relative change in the simulated prevalence over time to
the UNAIDS prevalence estimates from 2007 to 2012.

2.4. Analysis

To better understand the simulation results in the various sce-
narios, we also conducted a marginal analysis that decomposed the
increase in the births and the change in new infections into the
change in usage of each contraceptive type and their effectiveness
per unit of usage in the population on reducing births and HIV
infections. These results are then compared to the simulation re-
sults. We should also note that these are linear approximations
while the simulation follows the disease dynamics over 15 years.

As discussed in the previous subsection, the degree to which
POIHC increases HIV acquisition is uncertain, and so far, Heffron
et al. is the only study directly looking at the degree to which POIHC
increases HIV transmission [2]. We perform sensitivity analysis
focusing on this key factor by varying the risk of HIV male-to-
female and female-to-male transmission when using POIHC. Spe-
cifically, we investigate the following cases for the impact on POIHC
use:

Case 0 (Baseline): 50% increase in HIV acquisition risk, 100%
increase in female-to-male transmission risk,
Case 1: 100% increase in HIV acquisition risk, 100% increase in
female-to-male transmission risk,
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Case 2: 50% increase in HIV acquisition risk, 50% increase in
female-to-male transmission risk,
Case 3: 50% increase in HIV acquisition risk, 0% increase in
female-to-male transmission risk,
Case 4: 0% increase in HIV acquisition risk, 50% increase in
female-to-male transmission risk,
Case 5: 0% increase in HIV acquisition risk, 0% increase in
female-to-male transmission risk.

In addition, we conduct a probabilistic sensitivity analysis for
five parameters (HIV acquisition and transmission rate with POIHC,
birth rate, and initial contraceptive use of POIHC, initial contra-
ceptive use of MC). For each replication in the probabilistic sensi-
tivity analysis, we simultaneously draw each parameter from a
uniform distribution ranging from �10% to þ10% of its baseline
value. We chose this distribution for its simplicity.

3. Results

Fig. 2 compares the simulation outcomes of the various sce-
narios to the baseline scenario. The absolute magnitude of the
outcomes is shown in Table A.4 in the Appendix, and the change in
prevalence over time is shown in Fig. A.2 in the Appendix.
Compared with the baseline, all scenarios had fewer new infections
and lower prevalence. In most scenarioecountry combinations, the
births increased compared with the baseline, while the change in
vertical transmission had no clear trend.

Scenarios POIHC to NON and POIHC to OTH provide the most
reduction in terms of new infections and prevalence for all coun-
tries except Botswana. These reductions are larger in countries
where both the current prevalence and POIHC use are high, such as
Kenya and South Africa. Since the initial HIV prevalence was
significantly higher in South Africa than in Kenya, these scenarios
lead to correspondingly larger reductions.

In Botswana, POIHC to MC followed by POIHC to IUD & MC pro-
vide the largest reduction in terms of new infections and preva-
lence. This result is driven by the significant increase in MC use and
the fact that the initial contraceptive use of MC is higher in
Botswana than in other countries. Thus, as mentioned before, the
25% or 50% increase in MC use outweighs the users switching away
from POIHC, resulting in a net increase in the total contraceptive
use whereas in all other scenarioecountry combinations, there is a
net decrease in contraceptive use. Additionally, MC has the most
protection against HIV. Table A.5 in the Appendix uses marginal
analysis to explain in detail such changes for each country.

In Table A.3 of the Appendix we also see the relative reduction in
new infections by sex. We find that the benefit for men and women
is almost the same except in scenario POIHC to VM. Females have a
greater decrease in new infections than males in scenario POIHC to
VM because VM only reduces the risk of HIV infection for women.

We see that births increase for almost all scenarios in all
countries except in Botswanawhere the births decrease in scenario
POIHC to MC. As before, Botswana is an exception due to the high
initial MC use. In all countries, scenario POIHC to NON results in the
largest increase in births and vertical transmission.

We observe that scenarios with a method preventing both
pregnancy and HIV (POIHC to IUD&MC, POIHC to MC, and POIHC to
FC) perform better than scenarios focusing on a method preventing
only HIV (POIHC to VM) for most of the outcomes. This effect is most
obvious when comparing scenario POIHC to FC to scenario POIHC to
VMwhere the exact same number of the women switch to FC in the
former and VM in the latter. We see that scenario POIHC to FC
outperforms scenario POIHC to VM in all outcome measures. This is
due to the fact that VM only prevents HIV infection and is not a
form of contraception while FC does both.
Themarginal analysis is shown in Table 2 below for Kenya and in
Table A.4 of the Appendix for all the countries of births and new
infections in Table 2 below and Table A.4 in the Appendix. It is
reassuring that the marginal analysis, which used a linear
approximation, gives results with relative differences that are
similar to those of the simulation results. The POIHC to VM scenario
seems to show larger differences, which can be explained by the
fact that in this scenario VM was not in place until five years after
other contraceptive changes.

Fig. 3 shows the sensitivity analysis for Kenya. Sensitivity anal-
ysis results for all countries are given in Fig. A.3 and Table A.5 in the
Appendix. For the new infections averted and the increase in births,
Fig. 3 also includes the standard deviation of those outcomes in the
probabilistic sensitivity analysis, which can be found in Fig. A.4 of
the Appendix. Births (though not cases of vertical transmissions)
remain the same for all sensitivity cases since we only consider
changes in HIV acquisition and transmission risk. For HIV-related
outcomes, all cases show a smaller decrease (some by up to a fac-
tor of 2.5) compared to the baseline case where we used the risk
numbers provided byMorrison [16] and Heffron et al. [2]. Whenwe
compare the cases to Case 1 (rather than Case 0), in which we take
risk numbers from Heffron et al., the other sensitivity cases show a
smaller decrease for the HIV-related outcomes (some by up to a
factor of 3.5). The impact depends on the country. For example,
when these parameters decrease, Kenya, South Africa and Rwanda
show similar behavior (where POIHC to FC is most favorable),
different from Zambia and Botswana (where POIHC to MC is most
favorable).

Case 0 and Case 1 have the most dramatic results. Case 1, which
uses the HIV risk parameters from Heffron et al. gives the largest
decrease in new infections and prevalence and the lowest increase
in vertical transmission. Since births are unaffected and since Case
1 has the highest transmission and acquisition risk, these results
are expected. As the case number increases, the decrease in the new
infections and prevalence slows downwhile the increase in vertical
transmission increases slightly. Case 3 and 4 where the acquisition
and transmission risks are increased by 50%, respectively, show
similar results with Case 3 being more favorable for HIV outcomes.

Comparing for the new infections averted in Fig. 3, the size of
the standard deviation from the probabilistic sensitivity analysis to
the size of the differences of the Cases to the baseline case 0,
confirms that a key parameter is the HIV acquisition and trans-
mission risk when using POIHC.

4. Discussion

The large increase in births and cases of vertical transmission
make scenario POIHC to NON, where all POIHC users stop using any
form of protection, undesirable. In all other scenarios, HIV-related
outcome measures (new infections and prevalence) improve up
to 21% while births increase less than 15% with the exception being
South Africa where births increase up to 24%. In most scenarios and
countries, the change in the level of vertical transmission is small
and can go in either direction. In contrast, the POIHC to OTH sce-
nario leads to similarly good HIV outcomes, while having a sub-
stantially smaller increase in births. However, it is the only scenario
that keeps all POIHC users on some form of contraception, making
it unfair to compare it to the other scenarios and emphasizing the
importance of keeping women that discontinue POIHC on some
form of contraception. In the following we compare the remaining
four scenarios.

In general, dual protection methods perform the best as ex-
pected. Aside from POIHC to NON, POIHC to MC provides the largest
decrease in new infections and prevalence followed by POIHC to
IUD&MC and POIHC to FC. POIHC to FC results in the lowest increase



Fig. 2. State in 15 Years: new infections averted, decrease in prevalence, increase in births and change in vertical transmission per 1000. POIHC, NON, OTH, IUD, MC, FC and VM
stand for progestogen-only injectable hormonal contraception, no contraception, other contraception methods, intrauterine device, male condom, female condom and vaginal
microbicides, respectively.
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in births followed by POIHC to VM and POIHC to MC. While these
different scenarios have similar effects in most of the countries, the
magnitudes of the effects are different in each country due to the
initial distribution of the contraceptive use. Similar to births, POIHC
to FC provides the lowest increase in vertical transmission. How-
ever, since vertical transmission depends on both birth and new
infections, it is hard to identify similar trends for other scenarios as
we did for the other metrics. We can also conclude that for
Botswana, scenario POIHC to MC, which emphasizes male condoms,
is the preferred scenario because it provides the greatest reduction
in all outcomes (provided of course that the significant increase in
MC use is possible in Botswana). Even the births are expected to
decrease by 4% for Botswana with this scenario since the current
MC use is quite high, and the increase in MC use compensates for
their decreased birth-control efficacy as compared to POIHC.

In many cases, scenario POIHC to FC, which increases female
condom use, may be the preferred outcome because it not only
decreases HIV-related outcomes but also decreases vertical trans-
mission. In addition, births increase less than 3% in that scenario.
However, female condom use is rare despite being recommended
by public health agencies [1]. For that reason we did not consider
the even less common scenario involving the simultaneous use of
POIHC and either male or female condoms, providing dual pro-
tection for birth control and HIV transmission [23].

Some scenarios might be more feasible than others. In addition
to FC being very rare, the differences in a specific country's con-
traceptive use behavior (both the prevalence of all forms of
contraception and the distribution among different contraceptive
choices) might make some scenario more practical than others. For
example, public officials might need to more marketing effort to
change behavior in condom use in Kenya compared to Botswana
where prevalence of MC is already high.

There is no consensus about the relationship between POIHC
use and increased HIV risk. However, the meta-analysis by



Table 2
Marginal Analysis for Kenya a) Change in New Infections b) Increase in Births. Change in outcomes based on the change in the usage of each contraceptive type and their
effectiveness per unit of usage in the population on reducing births and HIV infections. BC refers to birth control while BC/HIVp refers to any form of contraception that also
prevents HIV (FC and MC).

Contraceptive type Change in each contraceptive type per each scenario Change in relative risk Change in new infections (per 1000)

Baseline (%) NON OTH IUD & MC MC FC VM FF MF MM FM NON OTH IUD MC FC VM

POIHC 21.6 �21.6 �21.6 �10.8 �10.8 �5.4 �5.4 0.39 0.01 0.01 0.78 2.3 2.3 1.1 1.1 0.6 0.6
IUD 1.6 e e 0.4 e e e �0.11 0.01 0.01 �0.22 e e 0.0 e e e

FC e e e e e 5.4 e �0.87 0.01 0.01 �0.98 e e e e 0.9 e

VM e e e e e e 5.4 �0.65 0.01 0.01 �0.22 e e e e e 0.5
MC 1.8 e e 0.5 0.9 e e �0.11 �0.79 �0.79 �0.22 e e 0.1 0.2 e e

OCP 7.2 e e e e e e �0.11 0.01 0.01 �0.22 e e e e e e

OTH 13.3 e 21.6 e e e e �0.11 0.01 0.01 �0.22 e 0.5 e e e e

NON 54.5 21.6 e 10.0 9.9 e e �0.11 0.01 0.01 �0.22 0.5 e 0.2 0.2 e e

Any BC 45.5 �21.6 e �9.9 �9.9 e �5.4 Total Change 2.8 2.8 1.5 1.6 1.5 1.1
Any BC/HIVp 1.8 e e 0.5 0.9 5.4 e Simulation 9.4 9.4 5.0 5.3 4.9 2.3

Contraceptive type Contraceptive usage as fraction of the population Difference in pregnancy risk
compared to average

Increase in births per 1000

Baseline (%) Change in percentage points NON OTH IUD & MC MC FC VM

NON OTH IUD & MC MC FC VM

POIHC 21.6 �21.6 �21.6 �10.8 �10.8 �5.4 �5.4 �0.49 105.5 105.5 52.7 52.7 26.4 26.4
IUD 1.6 e e 0.4 e e e �0.51 e e �2.0 e e e

FC e e e e e 5.4 e �0.31 e e e e �16.6 e

VM e e e e e e 5.4 0.33 e e e e e 17.9
MC 1.8 e e 0.5 0.9 e e �0.37 e e �1.8 �3.3 e e

OCP 7.2 e e e e e e �0.44 e e e e e e

OTH 13.3 e 21.6 e e e e �0.22 e �47.1 e e e e

NON 54.5 21.6 e 10.0 9.9 e e 0.33 71.7 0.0 33.2 32.8 e e

Any BC 45.5 �21.6 e �9.9 �9.9 e �5.4 Total change 177.1 58.3 82.0 82.3 9.7 44.3
Any BC/HIVp 1.8 e e 0.5 0.9 5.4 e Simulation Result 181.4 59.7 84.0 84.2 10.0 33.6
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Morrison et al. is strong evidence for a relationship between POIHC
use and specifically, male-to-female HIV transmission [15]. For
female-to-male HIV transmission, Heffron et al. is the only study
that finds an association with POIHC [2]. While [26] identified 16
studies that indirectly looked for an association, most of which did
not find any, Heffron et al. was the only study identified that
directly looked for an association [2]. Sensitivity analysis (com-
parison of Case 1 with the highest transmission risk values to
comparison of Case 5 with the lowest transmission risk values)
shows that different assumptions about HIV transmission for
POIHC users can have up to a 3.5-fold difference in the magnitude
of the results (i.e., the effect of a contraceptive use scenario
compared to the baseline). This stresses the need for a more
conclusive study of the relationship between POIHC use and HIV
transmission. Fig. 3 and Appendix Fig. A.3 also show that the un-
certainty in the other parameters as described in the probabilistic
sensitivity analysis is of a similar magnitude as the uncertainty
explored by the Cases for the POIHC-linked HIV transmission risk.

The limitations of our model are as follows. The rate at which
the population will change its contraceptive usage is unknown. We
assumed that changes would occur after one year. Slower changes
would lessen the differences to the status quo. We made two
modeling assumptions that are not true but still reasonably close to
reality: we assumed that the ratio of females tomales is one andwe
based our base contact rates on the epidemic dynamics of
2007e2012. We used a simple compartmental model instead of a
detailed simulation model. However, this is appropriate since we
are studying population-level outcomes over 15 years and have
included details (contraception and new HIV infections) important
to the factors being studied. We excluded other details such as the
different stages of HIV progression or changes to treatment
coverage since they affect the role of contraceptives on new in-
fections only very indirectly. In addition, we do not know the
likelihood of the different scenarios occurring or the feasibility of
using public health campaigns to achieve them. Currently DMPA is
much more common in these countries than NET-EN [2,3]. We
assumed that POIHC users would continue to prefer DMPA over
NET-EN in the future. If this is not true then the magnitude of
changes may be different since there is no reported association
between HIV risk and NET-EN use [20] (unlike the case for DMPA
[2]). We also assumed that the sexual behavior in a country will not
otherwise change when one form of birth control is replaced by
another. Currently, differences in fertility characteristics such as
birth spacing in various countries and their relation to the use of
various contraceptive methods are not well understood. However,
we must build our model and base our recommendations on the
data available. Themost sensible assumption is that POIHC use does
not cause short birth intervals but that these fertility characteristics
are due to behavioral and cultural factors that merely correlatewith
the use of POIHC.

5. Conclusion

We observe that switching from POIHC to other types of pro-
tection will be beneficial for HIV related outcome measures. Espe-
cially for countries where both the POIHC use and the HIV
prevalence are high, the HIV-related benefits of switching from
POIHC to other protection options are great. For countries with low
birth rates, the negative impact of switching from POIHC on births
and vertical transmissionwill be less. Overall, the outcomes depend
on the countries and models such as these are useful for tailoring
any potential public health intervention to a specific country or
population of interest. Especially when combined with analyses of
feasibility and costs, our simulations of the various scenarios can
form the basis of future public health interventions.

Our results depend highly on the value of the HIV acquisition
and transmission risk parameters for those using POIHC, which are
currently uncertain. Our analysis explored three major sources of
uncertainty: (1) the unknown future sexual behavior of the popu-
lation in different scenarios; (2) the biological parameter values



Fig. 3. Sensitivity Analysis of POIHC on HIV Risk for Kenya. Case 0 (Baseline): 50% increase in HIV acquisition risk, 100% increase in female-to-male transmission risk. Case 1: 100%
increase in HIV acquisition risk, 100% increase in female-to-male transmission risk, Case 2: 50% increase in HIV acquisition risk, 50% increase in female-to-male transmission risk,
Case 3: 50% increase in HIV acquisition risk, 50% increase in female-to-male transmission risk, Case 4: 50% increase in HIV acquisition risk, 50% increase in female-to-male
transmission risk, Case 5: 0% increase in HIV acquisition risk, 0% increase in female-to-male transmission risk. For the panels showing the new infections averted and the in-
crease in births, we show for comparison, s, the standard deviation of the baseline number of new infections and births, respectively, from the probabilistic sensitivity analysis.
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such as transmission probabilities and risk reductions in different
cases and in a probabilistic sensitivity analysis; and (3) potential
limitations and sources of model error in the discussion. The
female-to-male and male-to-female transmission risks impact the
HIV outcomes but they do not impact the births. Despite the un-
certainty of these parameters, even low percentages of dual pro-
tection method use can help balancing between HIV and birth
related population level outcomes. The simulations in this study
show that stopping POIHC use, with those individuals not switch-
ing to any other form of contraception, results in the worst out-
comes of all the scenarios considered, an important fact public
policy decision makers should keep in mind when designing in-
terventions and preparing for the potential population-level
changes in sexual behavior due to the link between POIHC and HIV.
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