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Abstract

Background—HIV-infected women risk sexual and perinatal HIV transmission during
conception, pregnancy, childbirth, and breastfeeding. We compared HIV-1 RNA suppression and
medication adherence across periconception, pregnancy, and postpartum periods, among women
on ART in Uganda.
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Methods—We analyzed data from women in a prospective cohort study, aged 18-49 years,
enrolled at ART initiation and with = 1 pregnancy between 2005-2011. Participants were seen
quarterly. The primary exposure of interest was pregnancy period, including periconception (3
quarters prior to pregnancy), pregnancy, postpartum (6 months after pregnancy outcome), or non-
pregnancy-related. Regression models using GEE compared the likelihood of HIV-1 RNA <400
copies/mL, <80% average adherence based on electronic pill caps (MEMS), and likelihood of 72-
hour medication gaps across each time period.

Results—111 women contributed 486 person-years of follow up. Viral suppression was
present at 89% of non-pregnant, 97% of periconception, 93% of pregnancy, and 89% of
postpartum visits, and was more likely during periconception (aOR 2.15) compared with non-
pregnant periods. Average ART adherence was 90% (IQR 70-98%), 93% (IQR 82-98%), 92%
(IQR 72-98%) and 92% (IQR 72-97%) during non-pregnant, periconception, pregnant and
postpartum periods. Average adherence < 80% was less likely during periconception (aOR 0.68)
and 72-hour gaps/90 days were less frequent during periconception (aRR 0.72) and more frequent
postpartum (aRR 1.40).

Conclusions—Women with pregnancy were virologically suppressed at most visits, with an
increased likelihood of suppression and high adherence during periconception follow-up.
Increased frequency of 72-hour gaps suggests a need for increased adherence support during
postpartum periods.

Introduction

HIV-infected women who become pregnant risk HIV transmission to sexual partners as well
as the fetus. HIV-1 RNA suppression reduces these risks [1, 2] and with updated W.H.O.
guidelines, increasing numbers of women are initiating antiretroviral therapy (ART), rather
than antiretrovirals (ARVSs) as prophylaxis, to both reduce the risk of perinatal transmission
and maintain the woman's health [3, 4]. The effectiveness of ART depends on adherence to
medication and several studies identify pregnancy and postpartum as periods during which
women are at risk for poor adherence to ART.

A recent meta-analysis suggests that women have worse adherence during the postpartum
period, however less than half of the analyzed studies included women on ART for their own
health and a small minority of the studies included postpartum follow-up [5]. Some data
suggest that women on ART for their own health may be more adherent than women taking
ARVs for prophylaxis [6], however other studies suggest adherence challenges for this
group. Among women initiated on ART during pregnancy in South Africa, 49% of women
missed a visit or disengaged from care by six months postpartum [7]. In another South
African study, among 896 women with a pregnancy after initiation of ART for her own
health (not pregnant at ART initiation), there was an increased risk of non-adherence to ART
(measured by <100% adherence by pharmacy refill) during the postpartum period [8]. Early
data from Malawi (the first country to adopt the option B+ strategy to reduce perinatal HIV
transmission) do not report on adherence or viral suppression but 27% of women who
initiated therapy were lost to follow-up at one year [9], and mortality 6-months after
initiation of ART is higher than in the pre-Option B+ era [10].
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While much research focuses on adherence and the risks of perinatal transmission during
pregnancy and postpartum, HIV-infected women also risk HIV transmission to an uninfected
partner during the periconception period. We are unaware of studies evaluating adherence to
antiretroviral therapy during the periconception period for women living with HIV.

We compared prevalence of HIV-1 viral suppression measured quarterly and objective
medication adherence measured continuously with electronic pill caps across
periconception, pregnancy, postpartum, and non-pregnancy-related follow-up periods in a
longitudinal cohort of women initiated on ART for their own health with low losses to
follow-up, towards estimating risks of sexual and perinatal HIV transmission among HIV-
infected women initiated on ART for their own health in Uganda.

Methods

Setting

The Mbarara District of Uganda is located approximately 265 kilometers southwest of the
Ugandan capital city of Kampala. Regional adult HIV prevalence is estimated at 10% [11].
The Mbarara University HIV clinic offers comprehensive HIV care services, including ART
provided through the Ugandan Ministry of Health with support from the President's
Emergency Plan for AIDS Relief (PEPFAR), the Global Fund, and the Family Treatment
Fund [12].

Study Participants

Study participants were sampled from the Uganda AIDS Rural Treatment Outcomes
(UARTO) cohort study of over 700 HIV-infected adults initiating their first ART regimen at
the Mbarara University HIV clinic (NCT01596322). Participants complete quarterly study
visits with structured interviews and laboratory testing (CD4+ T cell count and plasma
HIV-1 RNA level). For this analysis, we restricted the sample to 18-49 year old women
enrolled from June 2005 and followed through September 2011 and with at least one
pregnancy.

Measurements

The primary outcome was HIV-1 RNA suppression as measured quarterly. From 2005-
2007, plasma HIV-1 RNA levels were assessed using the Roche Amplicor HIV Monitor 1.5
test (Roche, Branchburg, NJ, dynamic range: 400-750,000 copies/ml). In April, 2007, this
assay was replaced by the Roche Cobas Tagman HIV-1 test v1.0 (Roche, Branchburg, NJ,
dynamic range: 48-10,000,000 copies/ml). HIV-1 RNA level below 400 copies/mL was
categorized as suppressed. In the primary analysis, missing HIV-1 RNA data were not
included in the analysis.

The primary predictor variable was pregnancy status. Periods of pregnancy were defined
based on self-report of pregnancy and pregnancy outcome in structured quarterly interviews.
Women were categorized as being pregnant, post-partum (up to 6 months after live birth),
periconception (3 quarters prior to first report of pregnancy), or in non-pregnancy-related-
follow-up (from one quarter after initiation of therapy up until a first periconception period.)
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The first quarter after initiation of therapy was censored from analysis in order to allow
women time to suppress HIV-1 RNA. Women with second pregnancies prior to one year of
postpartum follow-up moved into periconception and/or pregnancy time periods. Women
entering the study reported whether they were currently pregnant but did not report on dates
of pre-enrollment pregnancy or postpartum status. Thus, no women were counted as
postpartum at study entry [Figure 1]. Pregnancies lasting >300 days based on these methods
were truncated to end at 300 days. Women who simultaneously reported a new pregnancy
and pregnancy outcome since the last visit did not contribute pregnant follow-up time, but
could contribute postpartum time.

We also evaluated objective adherence to ART. A subset of enrolled participants were issued
a medication event monitoring system (MEMS) electronic pill bottle (Aardex Group, Sion,
Switzerland), which records the date and time of each pill bottle opening. Study staff
downloaded MEMS data for the preceding observation period at each study visit. We
calculated daily adherence in each observation period prior to an HIV-1 RNA measurement
(7- 150 days maximum) as the number of doses taken per day divided by the number of
doses prescribed in the corresponding ART regimen, with a maximum of 100% if there were
more openings than prescribed doses.

Baseline characteristics of women in the cohort were described.

The proportion of visits at which women had HIV-1 RNA suppression are described by
pregnancy follow-up period. The likelihood of HIV-1 RNA suppression at the different time
points was modeled using conditional logistic regression with generalized estimating
equations (GEE) and an exchangeable correlation matrix to account for repeated visits.
Missing viral load data were censored for 253 of 1612 visits (16% of visits) in the primary
analysis.

Average adherence by MEMS cap is described for the four follow-up periods. We used
logistic regression with GEE to evaluate the relationship between adherence to at least 80%
of prescribed pills and time period [13]. Because treatment interruptions are an independent
predictor of virologic treatment failure, Poisson regression with GEE was used to evaluate
the frequency of 72 hour gaps/90 days during the time periods [14, 15]. We censored periods
of known MEMS device non-usage, including when participants were prescribed
medications in blister packs that did not allow for device filling, or when 30 or more days of
MEMS non-use was followed by an undetectable HIV-1 RNA measurement (104 / 1828
periods). Patients were censored at the first of: 1) last HIV-1 RNA recorded during MEMS
monitoring, 2) death, or 3) study disenrollment (612 /1828 periods).

Time-updated predictor variables included pregnancy status (primary predictor of interest),
asset index via the Filmer Pritchett Index as quintiles [16], unprotected sex, number of
sexual partners, primary partner HIV serostatus, HIV serostatus disclosure to primary
partner, and time on ART. These items were selected based on expected confounders of
adherence. Factors included in the adjusted analysis were those significant at the p<.05 level
in the unadjusted analysis.
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Women were categorized as lost to follow-up upon withdrawal from the study (voluntary or
due to moving out of catchment area), death, or when they were not able to be contacted by
phone or other tracking.

Sensitivity analyses

Ethics

Results

Viral su

Sensitivity analyses for the HIV-1 RNA suppression analyses included (1) treating all
missing HIV-1 RNA data as unsuppressed and (2) treating HIV-1 RNA data as missing only
when accompanied by a missed visit (e.g. if someone was at the clinic but refused a blood
draw, data were censored rather than classified as not virally suppressed).

Data were analyzed with SAS version 9.4 (Cary, NC). Analyses of the MEMS adherence
data were performed using Stata 13.0 (Statacorp, College Station, TX, USA).

All procedures were approved by institutional review boards at Mbarara University of
Science Technology (Mbarara, Uganda), Massachusetts General Hospital/Partners
Healthcare (Boston, USA), the University of California, San Francisco. The study was also
approved by the Uganda National Council of Science and Technology and the Research
Secretariat in the Office of the President.

Among 353 women contributing 1559 person years of follow-up, 111 women with
pregnancy contributed 486 person years of follow-up. At baseline, women who experienced
pregnancy during follow-up had a median age of 29 years (interquartile range [IQR] 24, 33),
CD4 cell count of 165 cells/mm3 (IQR 90, 145), and 57% (n=38 of those with a primary
partner) reported an HIV-infected partner (Table 1). Participants contributed 851 non-
pregnancy related follow-up visits, 225 periconception visits, 165 pregnancy visits, and 118
postpartum visits.

Among the women with pregnancy, 5 (5%) were lost to follow-up during the analysis period.
Of these five women, two died and the remainder were unable to be tracked.

ppression and pregnancy follow-up period

Among 111 women with pregnancies, HIV-1 RNA suppression was observed at 89% of non-
pregnancy follow-up visits (n=851 visits) and 97% of periconception (n=225), 93% of
preghancy (n=165)), and 89% of postpartum (n=118) visits (Figure 2a). In the unadjusted
model, the periconception period was associated with an increased odds of viral suppression
compared to non-pregnancy related follow-up (OR 2.63, 95% CI 1.44-4.81, p .002). When
adjusting for other factors associated with viral suppression (income and time on ART), the
periconception period remained associated with an increased likelihood of viral suppression
(aOR 2.15, 1.33-3.49, p .002). Viral suppression during pregnancy and postpartum periods
were not different than non-pregnancy-related follow-up periods. (Table 2)
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HIV RNA data were missing at 261 (15%) of visits. These data were censored for the
primary analysis. We conducted two sensitivity analyses. In one, all missing HIV-1 RNA
data were considered as not suppressed. In a second sensitivity analysis, only missing HIV-1
RNA data accompanied by a missed visit were considered not suppressed. In both analyses,
the periconception period remained associated with an increased likelihood of viral
suppression. In addition, the postpartum period in these analyses was associated with a
reduced likelihood of viral suppression (see Table 2 legend.)

Adherence to daily pill taking by electronic pill caps

For 97 of the 111 participants with pregnancy (87%), MEMS cap data were available to
evaluate daily adherence to ART. Average adherence during the time periods was 90% (IQR
70-98%) during non-pregnancy visits (n=604), 93% (IQR 82-98%) during periconception
visits (n=252), 92% (IQR 72-98%) during pregnancy Visits (n=144), and 88% (IQR 63-97%)
during post-partum visits (n=112) (Figure 2b).

The likelihood of average adherence < 80% was decreased during periconception compared
to non-pregnancy related follow-up in unadjusted and adjusted analyses (aOR 0.68, 95% ClI
0.52-0.91) and was not different during pregnancy and postpartum periods. (Table 3).

There were an average of 0.62, 0.49, 0.67, and 0.95 72 hour gaps/90 day period during non-
pregnancy related, periconception, pregnancy, and post-partum periods, respectively. In
unadjusted and adjusted analysis, there was a decreased risk of gaps during periconception
(aRR 0.72, 95% CI 0.59-0.89) and an increased risk of gaps during postpartum follow up
(aRR 1.40, 95% CI 1.13-1.73), both compared to non-pregnancy related follow-up (Table 3).
Among 21 women who had at least one 72 hour gap during postpartum follow-up and had
an HIV-1 RNA plasma level in the following 12 months, 5 (24%) had at least one detectable
HIV-1 RNA level.

Discussion

These data demonstrate that among 111 HIV-infected women initiated on ART for their own
health and enrolled in a prospective cohort study with low loss-to-follow-up (5%) in rural
Uganda, high rates of HIV-1 RNA suppression were observed throughout periconception
(97%), pregnancy (93%), and postpartum periods (89%) visits. In sensitivity analyses, where
missing viral load data were characterized as not suppressed, women had a decreased
likelihood of suppressed HIV-1 RNA during postpartum follow-up. Daily objective
measures indicate that women had an increased risk of 72-hour gaps in pill taking during the
postpartum period compared to other non-pregnancy-related follow-up (aRR 1.40, 95% ClI
1.13-1.73), however the number of gaps was small (average 0.65, IQR 0-1 for all periods).
These data suggest that most women who initiate ART for their own health and remain
engaged in care adhere sufficiently to sustain virologic suppression. However, the
postpartum period remains a risky time when women may need additional support.

These are the first data we are aware of to consider the periconception period, a time of
particular risk of sexual transmission to an uninfected partner. These data suggest that
women had the highest likelihood of viral suppression and the highest adherence during

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 April 01.
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these periods and therefore periconception risks of sexual transmission to partner were
minimal. While qualitative data from this cohort suggest that HIV-infected individuals with
uninfected partners are not aware of the concept of antiretroviral treatment as prevention
[17], these data suggest excellent adherence and, therefore, a very low risk of periconception
transmission. It is unlikely that high adherence to medication is a response to pre-conception
counseling as such counseling is rare [18]. These data may reassure healthcare providers
whose concerns about periconception transmission may limit counseling about risk
reduction in the absence of condom use [19, 20]. These findings are similar to other data
from this cohort suggesting a low risk of sexual transmission of HIV [21].

In addition to a risk of loss of viral suppression during 6-month postpartum follow-up
observed in the sensitivity analyses, MEMS data suggest an increased risk in gaps in pill-
taking during this time. These data are the first to our knowledge to describe objective
adherence in the postpartum period among women initiated on ART for their own health.
Our results are consistent with prior data evaluating pharmacy refill data, which also
demonstrate adherence challenges during postpartum periods, most likely explained by
concomitant challenges that women face shortly after childbirth [5-8, 22-25]. These data
have important implications given the roll-out of Option B+. Modeling data suggest the cost-
effectiveness of the Option B+ strategy, but the benefits are lost if the risk of HIV-1 RNA
failure increases by even 2.4% [26]. Early data from Malawi (the first country to adopt
option B+) do not report on adherence or viral suppression, but about half of women eligible
for ART did not initiate treatment [27] and 27% of women who initiated therapy were lost to
follow-up at one year [9]. Roll-out of Option B+ is happening very quickly and is planned or
considered for many sub-Saharan African countries[28]. It will be critical to understand and
address challenges to adherence in the peripartum period as these programs are implemented
to optimize their efficacy and cost-effectiveness.

The high adherence observed even during the vulnerable postpartum period suggests that the
simple resources offered to women participating in this cohort may inform future
intervention studies. Women who did not attend quarterly visits received a phone call from a
research assistant and often offers to help with transport or other barriers to attend clinic.
Women who attended quarterly visits received soap, sugar or cooking oil as well as a meal
and transport reimbursement. Given the stressors that women face during the postpartum
period to provide for herself and her child, these may be very critical tangible supports [29].
Other data suggest that the social support of being part of a cohort of people living with HIV
may have also promoted adherence [30]. Finally, some data suggest that electronic
monitoring of adherence to pill-taking behavior may promote short-term improvements in
adherence over the short term [31, 32].

There are several limitations to this study. As above, women in this cohort are engaged in
quarterly visits inclusive of transportation support and attempts to locate them when they do
not return for scheduled visits. Thus these women likely face fewer adherence challenges
than most women in this setting. Also, women who choose to participate in such a study
may differ from the general population. In addition, pregnancy was based on self-report,
meaning that pregnancies ending in early miscarriage or termination might not be captured,
and the timing of the periconception and pregnancy periods is imperfect, which could lead to

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 April 01.
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misclassification of study periods. However, this misclassification is unlikely to be
systematically biased and therefore would bias estimates towards the null. In addition, there
were 111 women with pregnancies included in the analysis. For the viral load data, small
sample size (visits) may have limited the ability to observe statistically significant
associations. Major strengths include the use of objective adherence measurement, use of
laboratory-confirmed viral load as an outcome, long follow-up period, and the low late of
attrition within the study.

In summary, our data suggest that most women in this setting initiating ART for their own
health are sufficiently adherent to maintain high rates of viral suppression during
periconception, pregnancy, and postpartum follow-up, with particularly high suppression
observed in the periconception period. However, these data also suggest that women
experience increased adherence challenges during postpartum periods. Supporting adherence
during this critical time may require integration of pediatric care and maternal follow-up
care and emphasizing the importance of on-going ART adherence for the maternal health in
addition to reducing risks of perinatal transmission. Additional data are required from
postpartum women in other settings regarding their specific adherence and suppression
experiences and challenges, especially as treatment recommendations and implementation
evolve [24, 33, 34]
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Enroll Q1 Q2 Q3 Q4 Qs Q6 Q7 Qs Qs Qio | Qi1

ART

initiation X NPR | periC | periC | periC JJ{--SEN(-T-SN -3 Post | Post | NPR
Legend:
Q  Quarter

X First quarter visits were not considered in order to allow time to suppress HIV-1 virus.

NPR Non-pregnancy related follow-up. Defined as any visit not associated with
periconception, pregnant, or postpartum follow-up.

periC Periconception follow-up. Defined as the 3 quarters prior to first report of pregnancy.

Preg Pregnancy follow-up. Defined as the duration of the woman’s pregnancy.

Post Postpartum follow-up. Defined as the 2 quarters postpartum.

Figure 1. Distribution of the 4 time periods for a woman with pregnancy reported at quarter 6
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Figure 2a. HIV RNA suppression by follow-up period
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Figure 2b. Adherenceto ART by follow-up period
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Table 1

Characteristics of women age 18-49 at cohort enrollment

Page 14

Variable

All Women
(n=353)
(PY f-up = 1559)
Median (IQR) or N (%)

Women with pregnancy
(n=111)
(PY f-up = 486)
Median (IQR) or N (%)

Women without pregnancy
(n=242)
(PY f-up = 1073)
Median (IQR) or N (%)

Age (years) 32 (27,37) 29 (24,33) 34 (29,38)
CD4 cell count (cells/mmd) 143 (83,215) 165 (90,245) 133 (80,199)
HIV-1 viral RNA (log10 copies/ml) 4.97 (4.51,5.48) 4.92 (4.45,5.53) 4.98 (4.54,5.46)
Marital status
Divorced 100 (28%) 22 (20%) 79 (33%)
Married 136 (39%) 67 (60%) 69 (29%)
Never married 26 (7%) 11 (10%) 15 (6%)
Widowed 90 (25%) 11 (10%) 79 (33%)
Asset index (quintiles)
18t 85 (24%) 29 (27%) 56 (23%)
2nd 74 (22%) 21 (20%) 54 (22%)
3rd 62 (18%) 23 (21%) 39 (16%)
4th 60 (17%) 15 (14%) 45 (19%)
5th 66 (19%) 19 (18%) 47 (20%)
Number of sexual partners in past 3 mos
0 184 (54%) 32 (30%) 152 (65%)
1 148 (44%) 72 (68%) 76 (33%)
=22 7 (2%) 2 (2%) 5 (2%)
Sex without condoms with =1 partner, past 3 mos * 77 (52%) 36 (51%) 41 (53%)
Primary partner HIV status *
Positive 82 (60%) 38 (57%) 5 (7%)
Negative 16 (12%) 11 (16%) 44 (63%)
Don't know 39 (28%) 18 (27%) 21 (30%)
ART Regimen
Efavirenz + 2 NRTIs 33 (9%) 13 (12%) 20 (8%)
Nevirapine + 2 NRTIs 296 (84%) 95 (86%) 201 (83%)
Other 2 (1%) - 2 (1%)
Missing 22 (6%) 3(3%) 19 (8%)

*
These variables only recorded for women reporting at least 1 partner (n=155).
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Table 2

HIV-1viral suppression by pregnancy related follow-up period

(Model limited to 107 women with at least one pregnancy and follow-up visits during periconception,

pregnancy and/or postpartum periods.)

Variable OR (95% ClI) p-value aOR** p-value
Periconception follow-up period
Non-preg follow-up Reference Reference Reference Reference
Periconception 2.63 (1.44-4.81) 0.002 2.15(1.33,3.49) 0.002
Pregnancy 1.04 (0.63-1.70) 0.890 0.96(0.58,1.58) 0.86
Postpartum 0.91 (0.49-1.71) 0.780 0.84(0.45,1.58) 0.60
Months on treatment
<12 months Reference Reference Reference Reference
12-24 months 0.82(0.46,1.45) 0.49 0.82(0.46,1.49) 0.52
=24 months 0.43(0.21,0.88) 0.02 0.45(0.22,0.95) 0.04
Sex without condoms with >=1 partner, past 3 months * 1.14(0.71,1.84) 0.59
Number of partners * 0.96(0.63,1.47) 0.85
Disclosure to partner*
No Ref Ref
Yes 1.55(0.67,3.56) 0.30
Not applicable 1.79(0.77,4.17) 0.17
*
Partner status
HIV-positive Ref Ref
HIV-negative 1.08(0.39,2.97) 0.88
Don't know status 0.90(0.46,1.79) 0.77
No partner 1.22(0.73,2.04) 0.45
Asset index (quintiles)
1st Reference Reference Reference Reference
2nd 3.29(1.07,10.17) 0.04 2.53(0.70,9.11) 0.16
3rd 1.15(0.37,3.51) 0.81 0.86(0.24,3.15) 0.82
4th 1.45(0.38,5.54) 0.59 2.18(0.26,18.20) 0.47
5th 1.42(0.35,5.81) 0.63 1.94(0.39,9.70) 0.42

*
These variables only recorded for women reporting at least 1 partner.

*:

during pregnancy in two sensitivity analyses.

Page 15

ok
Results showed a similar increased likelihood of suppression during the periconception period but also an increase in the odds of suppression

a. a. When women missing HIV RNA data were categorized as not suppressed, likelihood of HIV RNA suppression was
increased during periconception (aOR 1.81, 95% CI 1.25-2.62, p = .002) and pregnancy (aOR 1.81, 95% CI 1.22-2.70, p =.
003) periods, but not during postpartum (aOR 1.59, 95% CI 0.95-2.68, p =.08) all compared to non-pregnancy related

follow-up.
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b. When women missing HIV RNA data were categorized as not suppressed only in the context of a missed visit, the
likelihood of suppression was increased during periconception (aOR 1.49, 95% CI 1.01-2.19, p = .04) and pregnancy (aOR
1.80, 95% CI 1.16-2.78, p=.008) visits, but not postpartum (aOR 1.12, 95% CI 0.67-1.88, p = .67) all compared to non-
pregnancy related follow-up.
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